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as produced by the M
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esign U
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The boundaries,colors,denom
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show
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G

roup,any judgem
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on the legal status of any territory,or any
acceptance of such boundaries
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T
his report represents a further chapter in the

successful and creative dialogue betw
een the

W
orld B

ank and the People’s R
epublic of

C
hina about how

 to both prom
ote econom

ic
grow

th and protect C
hina’s environm

ent.

In 
1992,

the 
B

ank 
and 

the 
N

ational
E

nvironm
ental Protection A

gency (N
E

PA
)

collaborated to produce an environm
ental

strategy 
paper 

for 
C

hina 
(W

orld 
B

ank
1992),w

hich w
as crucial in the developm

ent
of 

a 
m

ultiyear 
W

orld 
B

ank 
program

 
of 

environm
ental assistance to help the govern-

m
ent address priority problem

s.T
he B

ank’s
program

 
w

as 
substantially 

delivered,
and 

the governm
ent im

plem
ented m

any of the
strategy’s policy recom

m
endations.

A
t the beginning of 1999,w

hen I w
as serv-

ing as D
irector for E

nvironm
ent and Social

D
evelopm

ent w
ithin the B

ank’s E
ast A

sia
and Pacific R

egion,
I asked E

nvironm
ent

M
inister X

ie Z
henhua w

hether the tim
e 

had com
e to update that earlier study.

H
e 

concurred.
W

e w
ere fortunate in securing

the generous and tim
ely financial support of

the G
overnm

ent of N
orw

ay.T
he w

ork that
w

e set in m
otion w

as continued through the
good offices of M

inister X
ie,V

ice M
inister

Z
hu G

uangyao,and m
y successor,M

r.Z
afer

E
cevit,w

ho w
as responsible for the original

1992 strategy paper.

T
he 

objectives 
of 

the 
update 

included
reassessing the environm

ental situation in
C

hina and using this analysis to chart a
course for im

proving environm
ental quality

in C
hina in the com

ing decade,particularly
over the period covered by the governm

ent’s
10th 

F
ive-Year-P

lan.
T

he 
team

 
achieved

these objectives.M
ore im

portantly,they did
so through collaboration w

ith a large team
of 

colleagues 
in 

C
hina 

w
ho 

are 
directly

engaged 
in 

the 
day-to-day 

struggle 
to

achieve environm
entally sustainable devel-

opm
ent and have first-hand know

ledge of
the situation and challenges on the ground.

T
he B

ank is building on the experience of
client countries such as C

hina in developing
a new

 corporate environm
ent strategy that

w
ill transfer good practices am

ong countries
and im

prove and better integrate environ-
m

ental considerations into the B
ank’s core

m
ission of poverty alleviation.Preparing this

report has provided us and other countries
w

ith an opportunity to learn from
 C

hina’s
practical experience.In return,w

e hope that
w

e have been able to transfer som
e of our

ow
n 

experiences 
from

 
elsew

here 
in 

the
w

orld to help C
hina on the road to sustain-

able developm
ent.

Kristalina G
eorgieva

D
irector

W
orld B

ank E
nvironm

ent D
epartm

ent

Forew
ord
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T
his report is the result of a collaborative

research effort by the staff of the W
orld

B
ank,

the 
Policy 

R
esearch 

C
enter 

for
E

nvironm
ent and E

conom
ics (P

R
C

E
E

) of
the C

hina State E
nvironm

ental Protection
A

dm
inistration (SE

PA
),

and the C
hinese

R
esearch 

A
cadem

y 
of 

E
nvironm

ental
Sciences (C

R
A

E
S).A

 w
ide range of other

technical and research institutions w
ithin

C
hina also participated in this effort,includ-

ing 
the 

C
hina 

N
ational 

E
nvironm

ental
M

onitoring C
enter (C

N
E

M
C

),the C
enter

for C
hinese A

gricultural Policy (C
C

A
P

) of
the C

hinese A
cadem

y of Science (C
A

S),the
C

hinese R
esearch and D

evelopm
ent C

enter
for 

C
om

bating 
D

esertification 
at 

the
C

hinese A
cadem

y of Forestry (C
A

F),
and

staff of the W
orld W

ildlife Fund C
hina

Program
 O

ffice,the G
rassland M

anagem
ent

D
ivision of the L

ivestock and H
usbandry

B
ureau of the M

inistry of A
griculture,the

W
etland R

esources M
onitoring C

enter of
the State Forestry A

dm
inistration,and the

Institute of G
eographic Science and N

atural
R

esources R
esearch of the C

A
S.C

ase stud-
ies w

ere prepared by Professors C
hen Jining

and H
ao Jim

ing of T
singhua U

niversity and
Z

ang 
Y

uxiang,
form

er 
deputy 

director 
general 

of 
SE

PA
’s 

Pollution 
C

ontrol
D

epartm
ent.A

ll of the technical papers pre-
pared by these collaborating institutions are
included 

as 
annexes 

to 
this 

report 
(see 

attached C
D

-R
O

M
).

T
he B

ank’s team
 w

as com
prised of staff

w
ithin 

the 
E

nvironm
ent 

and 
Social

D
evelopm

ent D
ivision of the E

ast A
sia and

Pacific R
egion,

w
hich is directed by Z

afer
E

cevit.
T

he report w
as w

ritten by R
obert

C
rooks (T

ask M
anager),

Jostein N
ygard,

Z
hang Q

ingfeng,
and L

iu Feng,
w

ith the
assistance of Jia L

anqing and L
i G

uo.Indra
G

.R
aja provided secretarial assistance.T

he
team

 review
ed the general literature and all

technical 
reports 

com
m

issioned 
for 

the
study.In addition,they conducted extensive
discussions w

ith relevant governm
ent agen-

cies in C
hina,other donors,and N

G
O

s.

A
s part of the research process,three w

ork-
shops w

ere held in B
eijing.

T
he first,

in
A

pril 2000,
included representatives from

governm
ent agencies and foreign donors;

the second,in July 2000,included represen-
tatives 

from
 

governm
ent 

agencies;
and 

the 
third,

in 
February 

2001,
included 

representatives from
 governm

ent agencies,
foreign donors,

and N
G

O
s.

G
overnm

ent 
agencies attending the w

orkshops included
SE

PA
,

the State D
evelopm

ent P
lanning

C
om

m
ission,

the 
State 

E
conom

ic 
and

T
rade C

om
m

ission,and the State Forestry
A

dm
inistration,as w

ell as the M
inistries of

A
griculture;C

onstruction;F
inance;Foreign

T
rade and E

conom
ic C

ooperation;
L

and
R

esources;
and 

Science 
and T

echnology.
From

 the U
nited N

ations,
the w

orkshops
included representatives from

 the U
nited

N
ations 

D
evelopm

ent 
Program

 
and 

the
U

nited 
N

ations 
Industrial 

D
evelopm

ent
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O
rganization.

From
 foreign governm

ents,
there w

ere representatives from
 A

ustralia,
C

anada,
the 

E
uropean 

U
nion,

G
erm

any,
Italy,Japan,N

orw
ay,Sw

eden,Sw
itzerland,

the U
nited K

ingdom
,and the U

nited States.
N

G
O

s 
included 

E
nvironm

ent 
D

efense,
G

lobal V
illage,

T
he N

ature C
onservancy,

and W
etlands International.W

e are grateful
for the m

any com
m

ents and observations
provided 

by 
all 

those 
w

ho 
attended 

the w
orkshops.

T
he 

preparation 
team

 
w

ould 
particularly

like to acknow
ledge its great debt to the staff

of SE
PA

’s Foreign E
conom

ic C
ooperation

O
ffice for their organizational and adm

inis-
trative assistance throughout the study.

In
particular,the team

 w
ould like to acknow

l-
edge the w

ork of M
essrs.L

u H
uangsheng,

L
iu 

Y
i,

L
iu 

C
hunyu,

L
uo 

G
aolai,

X
iao

X
uezhi and W

ang X
in,

and M
m

es.
Z

hou
G

uom
ei and Yu L

an.

Peer review
ers included Professor M

a Z
hong

(People’s 
U

niversity,
B

eijing),
D

r.
A

lan
K

rupnick (R
esources for the Future),and D

r.
Susm

ita D
asgupta (D

evelopm
ent R

esearch
G

roup,
W

orld 
B

ank).
A

dditional 
inputs,

com
m

ents,
and 

review
 

w
ere 

provided 
by

B
rian B

randenburg,C
ao Fengzhong,C

arter
B

randon,H
elen C

han,Songsu C
hoi,Z

afer
E

cevit,Feng D
ongfang,D

aniel G
ibson,G

u
L

ixin,
D

aniel G
unaratnam

,
G

uo X
iaom

in,
C

ees 
de 

H
aan,

L
uo 

G
aolai,

Jing 
L

ixin,
Todd Johnson,M

a K
eping,R

obin M
earns,

A
kihiko 

N
ishio,

D
ouglas 

O
lson,

N
eeraj

Prasad,R
ichard R

eidinger,Susan Shen,Sari

Soderstrom
,Sun C

hongw
u,G

eoffrey R
ead,

W
ang H

ancheng,W
ang H

ua,W
ang Jinnan,

W
ang X

in,
M

ark W
ilson,

X
ia G

uang,
Yu

X
iubo,

Z
hang 

Jianyu,
Z

hang 
Z

hun,
and

Z
hou G

uom
ei.

T
he report w

as edited by R
obert L

ivernash
(consultant).

B
eatrice 

del 
M

onte 
(Studio

Spark,W
ashington D

C
) did the design and

m
anaged the desktopping.

Production w
as

supervised by N
icola M

arrian and T
haisa

Y
sonde T

iglao (E
xternal A

ffairs D
epartm

ent,
W

orld B
ank).

P
hotos have been provided 

by the W
orld B

ank P
hoto L

ibrary and C
urt

C
arnem

ark,D
an M

iller,and SE
PA

.

F
inally,w

e w
ould like to express our deepest

gratitude to the G
overnm

ent of N
orw

ay,
w

hich provided the funds to carry out the
study and publish the findings.
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D
uring 

the 
1990s,

C
hina 

continued 
its

rem
arkable transform

ation,
m

oving from
 a

com
m

and or planned econom
y to a m

arket-
based and increasingly less-planned econom

y,
and from

 a predom
inantly agricultural econ-

om
y to a m

ixed econom
y w

ith substantial
industrial and service sectors.Perhaps m

ost
im

portantly,C
hina dram

atically reduced the
social,econom

ic,and hum
an cost of poverty

by 
halving 

the 
num

ber 
of 

people 
living

under the poverty line.

C
hina is now

 a very different place than it
w

as in 1992,w
hen the W

orld B
ank form

u-
lated and published its last environm

ent
strategy (W

orld B
ank 1992).T

he range and
significance of environm

ental issues have
increased.A

n updated environm
ent strategy

for 
C

hina 
w

as 
needed 

to 
take 

account 
of these changes,

to assess how
 they are

affecting 
the 

environm
ental 

agenda,
and 

to 
identify 

environm
ental 

m
anagem

ent
strategies and priorities.

T
his updated strategy is based on research

underw
ritten by the G

overnm
ent of N

orw
ay

through 
a 

generous 
technical 

assistance
grant.It w

as a collaborative effort,involving
the 

staff 
of 

the 
W

orld 
B

ank,
the 

State
E

nvironm
ental 

Protection 
A

dm
inistration

(SE
PA

),and a w
ide range of universities and

other research institutes w
ho are w

orking on
environm

ental 
m

anagem
ent 

problem
s 

in
C

hina.
A

lthough researched and discussed
collaboratively,

the recom
m

ended strategy
and the contents of the report are solely the
responsibility of the W

orld B
ank.

T
he report does not cover every environ-

m
ental issue in C

hina.W
e focused on the

m
ain generic issues—

land,
w

ater,
air,

and
related topics such as environm

ental adm
in-

istration—
expected 

to 
be 

addressed 
in

SE
PA

’s 
10th 

F
ive-Year-P

lan 
(F

Y
P

) 
for

E
nvironm

ental Protection.
T

he 10th FY
P

covers the period 2001-06,and com
m

enced
preparation at about the sam

e tim
e as this

Strategy.T
hus,this report does not discuss

nuclear 
environm

ental 
m

anagem
ent 

or
biosafety (genetic engineering),w

hich w
ere

tw
o new

 responsibilities assigned to SE
PA

follow
ing the governm

ent reorganization of
1998.N

or does it address solid w
aste m

an-
agem

ent or the m
anagem

ent and disposal of
toxic 

and 
hazardous 

w
astes,

w
hich 

are
im

portant issues in C
hina,but at the tim

e
this w

ork w
as initiated w

ere not frontline
them

atic issues expected to be addressed in
the 10th FY

P.

CurrentEnvironm
ental

Conditions 
C

hina has done m
any things right in the

environm
ental 

area 
over 

the 
past 

decade,
including 

large-scale 
afforestation 

and 
m

assive investm
ents to reduce air and w

ater
pollution.

B
ut in m

any respects,
econom

ic
grow

th in C
hina is overw

helm
ing investm

ent
in conservation and environm

ental protec-
tion.L

and degradation is w
orsening;natural

forests are declining;
biodiversity resources

are under stress;w
ater quality is deteriorating

Executive Sum
m

ary
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in m
ost areas and new

 threats are developing,
such as discharges from

 intensive livestock
operations;

and 
the 

explosive 
grow

th 
of

m
otor vehicles presents a significant new

problem
 in air pollution control.

L
A

N
D

,
F

O
R

E
S

T
S,

A
N

D
B

IO
D

IV
E

R
S

IT
Y

M
uch of the w

eight of grow
th and develop-

m
ent in C

hina is falling on its land system
s.

A
s a result,land degradation is w

idespread
and increasing.C

hina has som
e of the w

orst
w

ater erosion problem
s in the w

orld;
the

highest ratio of actual to potential desertified
land in the w

orld;
and rapidly degrading

grasslands.
T

hese 
problem

s 
are 

doubly 
serious,since the w

orst of them
 tend to be

concentrated in areas that support C
hina’s

poorest 
and 

m
ost 

vulnerable 
people.

In 
addition,

som
e of C

hina’s best cultivated
land is being lost to expanding urban and
industrial areas and a developing netw

ork of
roads and railw

ays.

T
he 

state 
of 

C
hina’s 

forests 
presents 

a
m

ixed picture.
T

here is little doubt that
C

hina has successfully turned the tide of
deforestation after its huge investm

ents in
plantation 

and 
shelterbelt 

developm
ent.

T
his w

as an unprecedented achievem
ent for

a 
country 

that,
in 

term
s 

of 
population 

distribution,is still predom
inantly agrarian.

O
n the other hand,C

hina’s natural forests
have been in a continuous state of decline
for 50 years,

and there are no signs that 
the corner on sustainable m

anagem
ent of

natural forests has been turned.

F
inally,

alm
ost all of C

hina’s unique and
globally significant biodiversity resources are
under stress.M

any species in C
hina are seri-

ously threatened.
U

p to one fifth are now
endangered,

and nearly one fourth of the
species 

listed 
in 

the 
C

onvention 
on

International T
rade in E

ndangered Species
(C

IT
E

S) are found in C
hina.B

oth figures
are disproportionately high.

A
 substantial

national system
 of nature reserves,

w
hich

started 
from

 
nothing 

in 
1956,

has 
been

developed to im
prove biodiversity protec-

tion.
In 

general,
how

ever,
the 

system
 

is
underfinanced,overextended,and patchy in
its coverage.

T
he governm

ent is w
ell aw

are of these prob-
lem

s and has devoted considerable financial
and other resources to address them

.So far,
how

ever,these efforts have not produced the
results that are needed,and new

 approaches
are required.

W
A

T
E

R

W
ater availability and quality continued to

be a critical problem
 throughout the 1990s,

particularly in northern C
hina,and the issue

is likely to w
orsen over the next decade.

W
ater quality in rivers,lakes,and groundw

a-
ter w

ill continue to deteriorate in m
any,

if
not m

ost,
areas.

In addition to industrial
w

astew
ater pollution control,w

hich w
as the

prim
e concern of the 1990s,the next decade

w
ill require decisive action on the grow

ing
problem

s 
of 

m
unicipal 

w
astew

ater 
dis-

charges 
and 

agricultural 
or 

“nonpoint”
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sources,
notably including em

issions from
intensive 

livestock 
production 

units.
T

he
com

bined effects of these problem
s w

ill be
felt m

ost acutely in the rivers north of the
Yangtze,

w
here 

w
ater 

quality 
is 

already
severely degraded.

T
here 

are 
technical 

dim
ensions 

to 
these

problem
s that are outlined in this report and

need to be addressed.B
ut these w

ill not be
sufficient to solve the problem

.Progress also
is needed on the adm

inistrative and regula-
tory level;on econom

ic factors im
pinging on

w
ater use and efficiency;and on the devel-

opm
ent of new

 decisionm
aking procedures,

w
hich 

can 
equitably 

resolve 
the 

often-
conflicting claim

s on w
ater resources m

ade
by different entities.

A
IR

A
ir quality control w

as a m
ajor and largely

successful 
focus 

of 
governm

ent 
attention

during 
the 

1990s.
N

ational 
em

issions 
of

m
ajor air pollutants,

such as sulfur dioxide
(SO

2 ) and particulate m
atter,have declined

since 1996.
B

ut new
 issues are em

erging.
E

m
issions from

 m
otor vehicles,w

hich w
ere

not an issue at the start of the 1990s,have
w

orsened considerably in m
ajor cities,

and
private vehicle ow

nership is only starting to
spread.

Indoor air pollution resulting from
household consum

ption of solid fuels still
poses potentially high health risks to m

ost
rural households and m

any urban house-
holds.T

he econom
y’s continued reliance on

coal and oil suggests that efforts to m
itigate

acid deposition and carbon dioxide em
is-

sions 
w

ill 
get 

tougher 
in 

the 
future,

as
dem

ands for both form
s of energy continue

to 
increase 

significantly.
Fundam

ental
im

provem
ents in air quality and in m

itigat-
ing carbon dioxide em

issions w
ill require,in

the short term
,substantial reductions in coal

consum
ption by sm

all and dispersed end
users,

and,
in the long term

,
a significant

reduction in the econom
y’s reliance on coal.

E
N

V
IR

O
N

M
E

N
T

A
L

M
A

N
A

G
E

M
E

N
T

A
N

D
R

E
G

U
L

A
T

IO
N

C
hina’s repertoire of environm

ental law
s,reg-

ulations,and standards is quite com
prehen-

sive and has been continuously updated and
expanded to im

prove effectiveness and cover
em

erging issues.
A

m
ong com

parable devel-
oping nations,C

hina is unquestionably in the
front rank,but it cannot becom

e com
placent.

T
he dem

ands it faces are unprecedented and
it cannot settle for being am

ong the best in its
class.

It needs to m
easure its perform

ance
against the best O

E
C

D
 countries in the

w
orld.

B
y this standard,

it still has a long
w

ay to go.It has to w
ork harder on legal and

adm
inistrative m

easures,on getting the fun-
dam

entals of developm
ent policy right,and

on 
hum

an 
resources 

developm
ent.

M
ost

im
portantly,

it has to m
ove the concept of

environm
entally 

sustainable 
developm

ent
onto the front page of all policy docum

ents.
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xvii

The Challenge for the
N

ew
 M

illennium
T

here are three cross-cutting issues that
keep 

recurring 
throughout 

the 
analysis.

T
hese issues characterize the environm

ental
m

anagem
ent challenge over the next decade:

■
F

irst,the environm
ental agenda is becom

-
ing so com

plex and large that it cannot be
adequately 

m
anaged 

by 
one 

agency—
SE

PA
 

and 
its 

counterparts 
at 

low
er 

levels—
w

orking 
on 

its 
ow

n.
E

ffective 
solutions w

ill require the com
bined and

coordinated 
efforts 

of 
m

any 
different

branches 
of 

governm
ent 

and 
the 

re-
thinking of m

any developm
ent policies.

T
his is particularly true w

ith regard to
natural 

resources 
m

anagem
ent,

or 
the

“green”
environm

ental 
agenda,

w
hich

em
erged as an increasingly critical issue

over the last decade.M
uch of the environ-

m
ental 

degradation 
in 

C
hina 

can 
be

attributed to im
plem

entation of policies
that w

ere either directly inim
ical to envi-

ronm
entally sustainable developm

ent,
or

inadvertently had the sam
e effect.

N
ew

developm
ent concepts need to be applied

that 
provide 

a 
better 

balance 
betw

een
developm

ent and environm
ental protection,

take account of the nonfinancial benefits
of 

natural 
resources,

and 
incorporate 

the view
s of com

m
unity groups w

hose
w

elfare is m
ost closely associated w

ith
those resources.

■
Second,

the system
ic fiscal and budgetary

problem
s facing the country as a w

hole are
m

aking 
it 

difficult 
for 

environm
ental

institutions to do their w
ork.T

here is a
grow

ing gap betw
een assigned responsi-

bilities and the resources provided to carry
out those responsibilities.T

his applies not
only to environm

ental protection agen-
cies,but also to other m

inistries and units
w

ithin them
,

including the agricultural
research 

services,
agricultural 

extension
services,nature reserve m

anagem
ent units

w
ithin the State Forestry A

dm
inistration,

and 
so 

on.
T

his 
issue 

is 
of 

particular
im

portance in the context of continued
m

arket reform
,

w
here the governm

ent’s
fundam

ental role as a “stew
ard and protec-

tor of the national estate”
needs to be

strengthened 
to 

offset 
the 

inability 
of

m
arket-based system

s to deal w
ith envi-

ronm
ental 

and 
social 

externalities.
O

f
course,this is a problem

 that extends far
beyond 

the 
question 

of 
environm

ental
m

anagem
ent 

and 
protection,

but 
it 

provides one m
ore reason for continued

aggressive reform
 of governm

ent tax and
financial m

anagem
ent procedures.

■
T

hird,the governm
ent has to continue to

diversify the approaches it takes and the
environm

ental tools it uses to provide a
better fit betw

een the solutions developed
and the problem

s being experienced in
different parts of the country.T

he “one-
size-fits-all”

approach,
as exem

plified by
various m

ass environm
ental cam

paigns,
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xviii played a useful role in the past,but is prov-
ing increasingly inadequate to m

eet cur-
rent dem

ands.T
he concept of developing

m
any tools to deal w

ith m
any problem

s is
particularly relevant for the m

anagem
ent

of natural resources,w
here greater atten-

tion needs to be paid to addressing the
underlying causes of problem

s,
not just

their sym
ptom

s.

S
T

R
A

T
E

G
IC

P
R

IO
R

IT
IE

S

To m
eet future challenges,the governm

ent’s
m

ain strategic priority should be to revise
developm

ent 
policy 

to 
im

prove 
the 

fit
betw

een econom
ic and social developm

ent
and environm

ental sustainability.
It m

ade
several m

oves in this direction during the
1990s,but the intentions expressed in broad
policy instrum

ents are not being adequately
translated 

into 
concrete 

action 
on 

the
ground.T

he challenge for the new
 m

illenni-
um

 is to correct that problem
,and deliver on

environm
entally 

sustainable 
developm

ent.
To do this,concrete actions are required in
three m

ain areas:

■
T

he
institutionalarrangem

ents for dealing
w

ith environm
ental issues

■
T

he
instrum

ents
applied to achieve envi-

ronm
ental objectives 

■
T

he
investm

ents
m

ade to underw
rite the

environm
ental program

.

Institutions.T
he new

 and developing envi-
ronm

ental challenge,
as already recognized

by 
both 

the 
governm

ent 
and 

SE
PA

 
in 

particular,
is 

to 
prom

ote 
environm

entally
sustainable developm

ent of C
hina’s natural

resources.M
aking progress w

ill require the
full attention of governm

ent and coordinat-
ed efforts by all relevant agencies,

w
hich 

in turn w
ill require changes in the w

ays that
all 

relevant 
institutions 

of 
governm

ent
approach their w

ork.Priority tasks include:

■
M

ainstream
ing.

G
overnm

ent 
agencies,

particularly 
those 

concerned 
w

ith 
eco-

nom
ic and/or spatial planning and natural

resources 
m

anagem
ent,

need 
to 

adjust 
their policies and objectives to incorporate
the concept of environm

entally sustain-
able developm

ent into their developm
ent 

objectives and program
s.

■
C

ross-sectoral coordination.
M

ost 
sustain-

able natural resources m
anagem

ent issues
cut across norm

al lines of adm
inistrative

responsibility.C
hina needs to find a w

ay
to coordinate the w

ork of different agen-
cies,

reduce overlaps and contradictions,
m

axim
ize synergies,

and adjudicate dis-
putes.A

n effective coordinating function
has to be established that (a) is located 
at a suitably high—

beyond m
inisterial—

level;
(b) 

is 
provided 

w
ith 

sufficient
resources,

m
ost 

notably 
an 

effective 
secretariat,to allow

 it to pursue an active
agenda;

and (c) can effectively resolve
interdepartm

ental deadlocks.
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xix

■
R

eform
 

the 
approach 

to 
biodiversity 

conservation.
G

iven 
the 

im
portance 

of
C

hina’s 
biodiversity 

resources 
and 

the
level of threat they are facing,an im

por-
tant priority is to significantly strengthen
the approach to biodiversity protection
and 

m
anagem

ent.
A

 
central 

elem
ent

should be establishm
ent of an independ-

ent,state-level “N
ature R

eserves Service”
to m

anage nature reserves of national and
global significance and becom

e a center of
excellence for nature reserve m

anagem
ent.

T
here are m

any other things that need to
be done on biodiversity conservation,but
this is the key.

■
P

ush forw
ard w

ith integrated river basin
m

anagem
ent in w

ater-scarce regions.T
here

is 
a 

w
ide 

acceptance 
am

ong 
technical

experts that a m
ore integrated,river-basin

approach is required to sustainably m
an-

age w
ater resources in the m

ost heavily
conflicted catchm

ents,
w

hich are m
ostly

in 
north 

C
hina.

B
ut 

no 
significant

progress is being m
ade tow

ard achieving
that objective.T

his situation needs to be
corrected.T

he governm
ent should create

new
 and separate river basin m

anagem
ent

institutions,
w

hose governance structure
m

akes 
adequate 

provision 
for 

effective
participation 

of 
key 

stakeholders—
including 

provincial 
governm

ents—
in

their decisionm
aking processes.

T
he 

institutional 
situation 

governing 
the

basic w
ork of pollution m

anagem
ent and

control is m
uch better,but there are several

things that need to be done to increase 
effectiveness,including:

■
Increase E

PB
 capacities and effectiveness,

w
ith particular em

phasis at the local level.
Technical 

capacity 
and 

resources 
m

ade
available to E

PB
s,particularly at the low

er
levels such as counties and tow

nships,need
to be significantly increased.A

t the sam
e

tim
e,m

ore effort is required to resolve con-
tradictions betw

een horizontal and vertical
responsibilities at all levels.O

ptions avail-
able include (a) delegating m

ore regulatory
authority to provinces and m

unicipalities
and aw

ay from
 counties;and/or (b) increas-

ing supervision of low
er levels by higher

levels 
through 

perform
ance 

audits 
and

public reporting;
and/or (c) developing a

regional structure for SE
PA

,
along the 

lines of the People’s B
ank of C

hina,
to

strengthen supervision by the state.

■
Strengthen the legal system

.A
n essential pil-

lar of the approach should be developm
ent

of a strong body of environm
ental law

backed up by an im
partial judiciary to

interpret the law
s and adjudicate legal 

and 
regulatory 

disputes.
G

iven 
the

num
erous conceptual,social,and technical

dim
ensions,

the task w
ill not be sim

ple,
but it should be a priority.
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xx ■
C

ontinue to prom
ote public participation 

in 
environm

ental 
decisionm

aking.
O

ne
of the strongest elem

ents of SE
PA

’s envi-
ronm

ental strategy has been its w
ork on

public participation,public dissem
ination

of environm
ental inform

ation,
and envi-

ronm
ental education at all levels.

T
his

w
ork has to continue,

w
ith em

phasis on
extending the environm

ental constituency
beyond w

ealthier urban areas in the east.

Instrum
ents.C

hina already has m
any of the

basic policies and instrum
ents necessary to

achieve a high level of effectiveness in the
m

anagem
ent and control of point-source

pollution.
M

ain 
priorities 

for 
the 

future
should be:

■
A

 new
 approach for point-source pollution

control.N
ew

 approaches have to be devel-
oped to deal w

ith the grow
ing num

ber and
diversity 

of 
point-source 

discharges 
and to elim

inate som
e contradictions in

the existing system
,particularly in relation

to 
the 

pollution 
levy 

fee 
system

.
T

his
report advocates adoption of a perm

itting
system

 under w
hich all significant point

sources of pollution,
regardless of w

ho
ow

ns them
,m

ust secure a perm
it or license

to operate,and m
ust pay an adm

inistrative
fee to cover the costs of issuing the perm

it.
A

 schedule of graduated and increasingly
punitive fines for breach of perm

it condi-
tions w

ould also be required.

■
K

eep w
orking on supplem

entary control
strategies.

C
om

m
and and control instru-

m
ents played a key role in determ

ining
industrial 

pollution 
trends 

during 
the

1990s.O
n their ow

n,how
ever,they m

ay
not be sufficient to m

eet future challenges,
particularly those due to the effects of
changing industrial ow

nership patterns.
W

ork has to continue on developm
ent 

of the three other pillars of the control
strategy;

econom
ic,voluntary,and public

disclosure instrum
ents.

C
om

m
and and control strategies w

ill not
provide an answ

er to natural resources m
an-

agem
ent problem

s;
a m

uch m
ore com

pre-
hensive approach w

ill be required.It needs
to be based on a clear understanding of the
underlying causes of problem

s and the cre-
ation of incentive fram

ew
orks to encourage

sustainable developm
ent of natural resources.

■
C

ontinue price reform
 for environm

ental
im

provem
ent.R

eform
 of resource pricing,

particularly 
energy 

and 
w

ater,
has 

to 
be continued,broadened,and accelerated,
so as to allow

 prices to reflect scarcity 
and 

environm
ental 

externalities 
and 

to 
increase 

the 
price-responsiveness 

of dem
and.

■
Strengthen the focus on the poverty/land
degradation connection.C

hinese researchers
have established a clear geographical link
betw

een 
rural 

poverty 
and 

rural 
land

degradation,and it is also likely that there
are causal links.

C
hina has an extrem

ely
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xxi

effective 
poverty 

alleviation 
program

im
plem

ented through the L
eading G

roup
on Poverty R

eduction (L
G

P
R

),and m
any

of the program
 com

ponents target under-
lying causes of rural land degradation.
Institutions 

concerned 
w

ith “ecological
environm

ental”
issues need to get m

ore
engaged in the L

G
P

R
 program

,and iden-
tify w

ays of w
orking collaboratively to

increase its environm
ental benefits.

■
R

e-orient natural resources developm
ent

policies.
T

he 
degraded 

state 
of 

natural
resources in C

hina is a result of develop-
m

ent policies that focused on m
axim

izing
output at the least cost to the rest of the
econom

y.Policy needs to focus on prom
ot-

ing production levels consistent w
ith the

long-term
 m

aintenance of the resources in
question.Policy needs to be based on rele-
vant research,

w
hich should be increased

and 
m

ade 
m

ore 
cross-disciplinary 

to
ensure that adequate account is taken of
both the social and ecological dim

ensions
of natural resources m

anagem
ent.

Investm
ents.T

he w
ork on institutional and

policy developm
ent provides the fram

ew
ork

for environm
ental im

provem
ent,but invest-

m
ent 

is 
the 

driving 
force 

that 
achieves

results.C
ertain steps are needed to increase

the im
pact of environm

ental investm
ents:

■
K

eep focused on priority issues.T
he range of

environm
ental 

responsibilities 
assigned 

to SE
PA

 and the E
P

B
s is expanding at a 

far greater rate than their staff and finan-

cial resources,running the risk of dissipat-
ing their energies over too broad a range
of issues and reducing their effectiveness.
E

P
B

s need to m
aintain their focus on pol-

lution m
anagem

ent and control,but they
have to be careful and selective in identi-
fying their role w

hen expanding into the
“green”

or 
eco-environm

ental 
agenda.

Priority should be given to m
onitoring

and reporting to governm
ent on the state

of the natural environm
ent,and assessing

and 
reporting 

on 
the 

im
plications 

of 
proposed governm

ent policies on the state
of the environm

ent.

■
Increase environm

ental expenditures in real
term

s.
T

he 
projected 

environm
ental

investm
ent for the 10th FY

P
 is about 

1.3 percent of G
D

P.
T

his needs to be
increased,

probably to around 2 percent 
of 

G
D

P
 

on 
air 

and 
w

ater 
pollution 

control through 2020,
and m

uch greater
allocations 

need 
to 

be 
m

ade 
for 

basic
capacity building.

■
Im

prove the effectiveness of
investm

ents in
ecological construction and conservation.

T
he

governm
ent 

is 
allocating 

substantial
resources 

to 
“ecological 

construction”
w

ork,
but 

their 
effectiveness 

could 
be 

substantially im
proved by placing m

ore
em

phasis on addressing the underlying 
social and econom

ic causes of land degra-
dation,and less on treating the sym

ptom
s.
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xxii

■
M

ore and sm
arter investm

ents in urban
environm

ental 
infrastructure.

F
inancial

com
m

itm
ents for construction of basic 

sew
erage 

and 
solid 

w
aste 

m
anagem

ent
infrastructure 

have 
to 

be 
significantly

increased 
to 

m
eet 

the 
challenge 

of
increased 

urbanization.
B

ut 
investm

ent
also has to get “sm

arter.”
For exam

ple,
m

unicipal 
sew

age 
treatm

ent 
standards

need to be adapted to local circum
stances,

rather 
than 

being 
based 

on 
a 

single,
national 

standard.
T

here 
also 

m
ay 

be
opportunities to develop industrial estates
w

ith centralized w
astew

ater collection and
treatm

ent,w
hich could provide cost-effi-

cient solutions to the grow
ing problem

 of
sm

all- and m
edium

-sized enterprises w
ith

high w
ater pollution em

issions.

■
L

ess haste and m
ore thought on environm

ental
im

provem
ent program

s.T
he effectiveness of

m
any 

environm
ental 

im
provem

ent 
pro-

gram
s can be im

proved by (a) spending
m

ore tim
e and resources on feasibility stud-

ies;(b) paying m
ore attention to the cost

effectiveness of investm
ent;

(c) reducing
em

phasis on investm
ents in physical capi-

tal,
and increasing investm

ents in hum
an

capital developm
ent;and (d) avoiding the

tem
ptation to broaden the agenda before

priority problem
s are solved.

T
H

E
R

O
L

E
O

F
D

O
N

O
R

S

T
he 

environm
ental 

challenge 
under 

the
10th FY

P
 w

ill be substantial,as w
ill the gov-

ernm
ent’s need for technical and financial

assistance.T
he W

orld B
ank and other for-

eign 
donors 

could 
significantly 

enhance
their contribution by focusing assistance on
the three m

ain strategic priorities discussed
above,w

ithin the follow
ing fram

ew
ork:

■
E

nhance donor coordination.
T

he govern-
m

ent and donors need to increase w
ork to

elim
inate redundancies,

reduce overlaps,
and better m

atch donor participation to
their respective strengths in areas such as
loans;

grants;
technical partnerships and

collaborative 
arrangem

ents;
technical

strengths and experience;
program

 size;
and adm

inistrative procedures.

■
D

onors should take m
ore account ofthe gov-

ernm
ent’s five-year environm

ental planning
priorities.

T
he 

governm
ent’s 

five-year
plans provide clear guidance on dom

estic
priorities over the planning period.

A
ll

donors need to take m
uch m

ore explicit
account of these plans in setting their 
priorities 

and 
identifying 

assistance 
opportunities.

■
Increased use of

collaborative approaches.
A

n integrated approach to environm
ental

problem
s often requires a variety of assis-

tance needs,w
hich m

ay extend beyond the
vehicles available to any particular donor.
In 

such 
circum

stances,
collaborative

approaches betw
een different donors m

ay
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xxiii

provide 
a 

w
ay 

forw
ard,

provided 
that 

the potentially form
idable adm

inistrative
difficulties can be overcom

e.

■
Increase role and use oftechnical partnerships.
T

his could be an area in w
hich bilateral

donors w
ould have a distinct com

parative
advantage.

A
reas for beneficial partner-

ships include (a) further developm
ent of

environm
ental instrum

ents such as E
IA

and Strategic E
IA

;
(b) integrated river

basin 
m

anagem
ent;

(c) 
nature 

reserve
m

anagem
ent and protection;(d) sustain-

able agricultural land m
anagem

ent;
and

(e) general technical training.

■
P

rivate sector participation.
A

nother new
and developing area,w

hich m
ay be of par-

ticular interest to bilateral agencies,relates
to private sector participation in environ-
m

ental m
anagem

ent and control.In addi-
tion 

to 
developm

ent 
of 

environm
ental

infrastructure,
the 

private 
sector 

could 
also m

ake a contribution in education and
training,

technology 
transfer,

policy 
form

ulation,and public aw
areness.

■
R

ole of
N

G
O

s.E
nvironm

ental N
G

O
s are

just starting to develop in C
hina.A

s inter-
est in and aw

areness of environm
ental

issues increase,their role can be expected
to increase substantially in the future.T

his
is another area in w

hich foreign donors
could play a role through training and
technical 

assistance,
brokering 

partner-
ships w

ith external N
G

O
s,and provision

of m
aterial support.

A
ll foreign institutions interested in the

environm
ent and developm

ent agenda in
C

hina have a role to play in helping to
underw

rite the huge investm
ents needed to

m
eet environm

ental challenges in C
hina.

B
ut 

their 
aggregate 

contribution 
w

ill 
alw

ays be sm
all in relation to the need.

B
ased on the review

 underlying this report,
and taking account of the governm

ent’s
environm

ental 
strategy 

for 
the 

10th 
FY

P,investm
ents likely to be of particular

environm
ental value include (a) rural devel-

opm
ent 

projects 
that 

com
bine 

poverty 
alleviation w

ith environm
ental protection

and/or sustainable natural resources m
anage-

m
ent,w

ith particular em
phasis on grassland

areas,
hilly 

and 
m

ountainous 
areas,

and 
priority areas under the “T

hree R
egions”

policy;
(b) 

urban 
pollution 

control 
and 

environm
ental 

m
anagem

ent,
including 

support 
for 

sustainable 
developm

ent 
of

urban environm
ental infrastructure,as w

ell
as increased private investm

ents in specific
investm

ent projects;(c) biodiversity conser-
vation and developm

ent of new
 approaches

that integrate rural developm
ent w

ith bio-
diversity conservation;and (d) developm

ent 
of 

new
 

approaches 
to 

m
anagem

ent 
of

w
astes from

 sm
all-scale rural enterprises by,

for 
exam

ple,
establishm

ent 
of 

industrial
developm

ent zones w
ith centralized w

aste
collection and treatm

ent.
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D
uring the roughly tw

o-decade period from
1978 to 1998,C

hina’s gross dom
estic prod-

uct grew
 at an average annual rate of about

9.6 percent.T
his w

as about four tim
es faster

than 
high-incom

e 
countries,

w
hich 

as 
a

group grew
 in the 2.2-2.4 percent range

annually 
during 

the 
sam

e 
period.

T
his

grow
th w

as accom
panied by a variety of

political,econom
ic,dem

ographic,and envi-
ronm

ental changes.For exam
ple:

■
T

he stru
ctu

re of
the econ

om
y chan

ged.C
hina

changed from
 a planned and essentially

supply-driven econom
y to a m

uch m
ore

m
arket oriented and dem

and-driven econ-
om

y.Industrial output is now
 m

ore diver-
sified,and m

ost industrial grow
th is being

generated by non-state enterprises,w
hich

currently contribute about three fourths of
gross industrial output value.

■
T

h
e 

ru
ra

l 
sector 

ch
a

n
ged

.
Farm

ers 
are

increasingly 
responding 

to 
consum

er
dem

and rather than state production plans
and,as a result,output has been diversifying
significantly.A

t the sam
e tim

e,the sector
declined as a source of em

ploym
ent and in

term
s of its relative econom

ic contribution.

■
P

ov
erty declin

ed dram
atically.T

he popula-
tion living under the governm

ent’s poverty
line dropped from

 about 260 m
illion in 

1978 to about 42 m
illion—

5 percent of 
the rural population—

by the end of 1998.

■
P

opu
lation

 
con

tin
u

ed 
to 

grow
.

It reached
about 1.27 billion in 2000,

w
hich w

as 
substantially higher than any other nation
in the w

orld,
although the fertility rate

dropped 
below

 
the 

replacem
ent 

level.
B

ecause of the large num
ber of w

om
en of

childbearing age in the population,
the

total population is expected to grow
 to

about 1.48 billion by 2025,but w
ill level

off rapidly thereafter.

■
P

ressu
re 

on
 

n
a

tu
ra

l 
resou

rces 
in

crea
sed.

C
hina’s large population and increasing 

per 
capita 

consum
ption 

increased 
the 

pressure on all of its natural resources,but
particularly land.In 1997,the am

ount of
cropland per 1,000 people w

as estim
ated 

at 109 hectares,
w

hich w
as a 7 percent

decline from
 1987 and only about 42 per-

cent of the w
orld average.

■
E

n
v

iron
m

en
tal 

aw
aren

ess 
an

d
 

protection

im
prov

ed.
C

hina’s environm
ental protec-

tion capacity grew
 during this period,but

at the sam
e tim

e environm
ental problem

s
becam

e m
ore com

plex and often expressed
them

selves at a larger scale.

T
hese changes,

and particularly the trend
tow

ard a m
ixed,

dem
and-driven econom

y,
have substantial im

plications for the nature
of the environm

ental agenda and the options
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available to deal w
ith it.T

he agenda is being
particularly affected by changes in (a) indus-
trial structure;(b) urbanization;and,(c) rural
developm

ent,
including changes in agricul-

tural production and the continuing problem
of rural poverty.

T
he net effect of these

changes is to w
iden the agenda and m

ake it
increasingly m

ore difficult for the govern-
m

ent to achieve its environm
ental objectives.

Changing Industrial
Structure
C

hanges in C
hina’s industrial structure have

had m
ajor im

pacts on industrial pollution
and 

the 
regulatory 

environm
ent.

T
hree

trends are particularly significant:

■
F

irst,
the role of non-state enterprises,

w
hich 

dom
inated 

industrial 
expansion

during the last 15 years,increased signifi-
cantly,

w
hile 

the 
role 

of 
state-ow

ned
enterprises declined.

■
S

econ
d,

grow
th has been uneven am

ong 
various industrial sub-sectors,

w
ith som

e
of the m

ost polluting industries experienc-
ing relative contractions.

T
his structural

reform
 m

ade a notable contribution to
industrial pollution control.

■
 T

hird,the sw
itch to a m

ore com
petitive,

dem
and-driven industrial sector is result-

ing in increased earnings retention and 
re-investm

ent.T
his is increasing techno-

logical 
innovation 

and 
resource 

use 
efficiency,allow

ing m
ore industrial grow

th
to be achieved at less environm

ental cost.

W
hile these trends in general have been 

beneficial environm
entally,

they have also
increased the regulatory challenge.

G
R

O
W

T
H

O
F

N
O

N
-S

T
A

T
E

E
N

T
E

R
P

R
IS

E
S

N
on-state 

industrial 
enterprises 

(see 
B

ox
1.1) dom

inated industrial grow
th in C

hina
over the past 20 years.

In the last decade
alone,these enterprises accounted for about
90 percent of grow

th in gross industrial out-
put value (G

IO
V

).
T

hey now
 account for

about 72 percent of G
IO

V
,com

pared to 45
percent in 1990 and only 14 percent in 1980.

Prior to 1996,
pollution from

 T
V

IE
s w

as
largely unregulated.B

etw
een 1990 and 1995,

they 
increased 

their 
com

bined 
pollutant

em
issions by about 120 percent,w

hile em
is-

sions from
 SO

E
s actually declined by 9 per-

cent.In 1996,the central governm
ent adopt-

ed drastic new
 pollution control m

easures for
T

V
IE

s,and launched a national cam
paign to

close dow
n som

e 72,000 highly polluting
T

V
IE

s in 15 sub-sectors.A
bout 65,000 w

ere
actually shut dow

n.Som
e 20 to 30 percent

restarted,
either illegally or after bringing

their enterprises into com
pliance w

ith rele-
vant discharge standards.

E
ven so,

there is
little doubt that the program

 had a m
ajor

im
pact on total industrial w

astew
ater em

is-
sions. 1T

he fact that such drastic action had
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to be taken is a reflection of the difficulty
that environm

ental protection bureaus have
been encountering in controlling this sector
of the industrial econom

y.

U
N

E
V

E
N

G
R

O
W

T
H

IN

I
N

D
U

S
T

R
IA

L
S

U
B

-S
E

C
T

O
R

S

C
hanges in industrial structure have reduced

industrial pollution intensity per unit of out-
put value and narrow

ed the prim
ary sources

of 
industrial 

pollution.
M

any 
industrial 

sub-sectors that are im
portant sources of

intractable pollution (such as m
achinery,tex-

tiles,pulp and paper,refining,and sm
elting)

have 
been 

grow
ing 

at 
rates 

significantly
low

er than the all-industrial average.A
t the

sam
e tim

e,less-polluting industries (such as
electronics,com

m
unications,and household

appliances) have been grow
ing at propor-

tionately higher rates.
N

ot all the “new
”

industries are w
ithout pollution problem

s, 2

but grow
th and developm

ent seem
 to be

favoring industries that tend to use few
er raw

m
aterials and tend to produce less pollution

per unit of output.F
igure 1.1,w

hich com
-

pares indexed trends in G
IO

V
 w

ith indexed
em

issions of three pollutants (chem
ical oxy-

gen dem
and,sulfur dioxide,and soot) during

the 1989-99 period,
show

s that industrial
pollution loads increased at m

uch low
er rates

than industrial output,and actually declined
after 1995.Som

e of the observed effects are
due to increased regulatory effectiveness,but
there is little doubt that industrial restructur-
ing also played an im

portant role.

Box 1.1  Industrial Term
inology in China

The discussion of the industrial sector in this
report

distinguishes betw
een tw

o basic indus-
trial groupings:

(1) County and Above O
w

ned
Enterprises (CAO

Es);and (2) Tow
n and Village

Industrial Enterprises (TVIEs).U
p to 1998,envi-

ronm
ental 

statistical 
data 

discrim
inated

betw
een these tw

o categories,
although the 

distinction has m
ainly been elim

inated.

The distinction is partly historical;TVIEs w
ere

originally com
m

une-based industrial enterprises
and w

ere adm
inistered through the M

inistry of
Agriculture.Butitalso reflects differences in the
institutional,legal,and other factors thatused to
govern their operation.For exam

ple,different—
partly less stringent—

pollution control targets
w

ere setfor TVIEs in the 9th Five Year Plan.

The CAO
E industrial grouping com

prises State-
O

w
ned 

Enterprises 
(SO

Es) 
and 

collectively
ow

ned enterprises at
the county level and

above.In 1999,this grouping com
prised approx-

im
ately 61,300 SO

Es and (nom
inally) 1,045,000

collectively ow
ned enterprises.

In the sam
e year,the TVIE grouping included

about6.7 m
illion industrial enterprises,of w

hich
615,000 w

ere collectively ow
ned enterprises 

at
the 

tow
nship 

and 
village 

levels.
The 

rem
ainder w

ere household cooperatives and
individual enterprises.
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Industrial restructuring also has narrow
ed the

prim
ary sources of industrial pollution.A

s of
1998,

just eight industrial sub-sectors w
ere

discharging about 85 percent of all industrial
pollution. 3In several cases,these sub-sectors
are also m

aking only m
odest contributions 

to G
IO

V
.For exam

ple,the pulp and paper
sector generated about 46 percent of indus-
trial chem

ical oxygen dem
and,but only 1.8

percent of G
IO

V
.

T
he industrial structure

still 
is 

tilted 
tow

ard 
relatively 

polluting
upstream

 m
anufacturing, 4

but as industrial
reform

 continues,the share of dow
nstream

,
less polluting,and high value-added m

anu-
facturing is expected to increase.

T
E

C
H

N
O

L
O

G
IC

A
L

P
R

O
G

R
E

S
S

To stay com
petitive,industrial firm

s are find-
ing it increasingly necessary to retain earnings
and invest in new

 and im
proved technology.

O
ne of the m

ost im
portant environm

ental

1989
1990

1991
1992

1993
1994

1995
1996

1997
1998

1999

500

400

300

200

1000

Figure 1.1  Trends in Industrial O
utput 

and Pollution Em
issions, 1989-99Industrial CO

D
Industrial SO

2
Industrial Soot

G
IO

V Index

Index (1989=100)

Source: ZTN
 (2000); ZH

N
 (1997, 1998, 1999); 

N
ygard and G

uo (2001).

consequences 
of 

this 
trend 

has 
been 

an
im

provem
ent in resource use efficiency w

ith-
in the industrial sector.For exam

ple,over the
last 

10 
years,

industrial 
energy 

intensity
declined by 50 percent.M

ore efficient tech-
nology is estim

ated to account for about one
third of the im

provem
ent.H

ow
ever,there is

still considerably m
ore room

 for im
provem

ent.
B

y upgrading technologies in pow
er genera-

tion and in several m
ajor industrial energy

activities 
to 

industrialized-country 
levels,

it has been estim
ated that C

hina could cut 
20 percent of its projected coal consum

ption.

T
here is even m

ore potential for im
prove-

m
ent in industrial w

ater use efficiency,w
hich

has traditionally been very low
 in C

hina,
partly due to low

 w
ater prices.

O
ft-quoted

exam
ples include the chem

ical and paper
m

anufacturing sectors,w
hich are the leading

w
ater-polluting industries in C

hina. 5In som
e

areas,
particularly 

north 
C

hina,
increased

w
ater scarcity is leading to increased prices

and an increased interest on the part of enter-
prises in w

ater-saving technology and other
clean production (C

P) strategies.

R
E

S
T

R
U

C
T

U
R

IN
G

A
N

D
I

N
D

U
S

T
R

IA
L

P
O

L
L

U
T

IO
N

C
O

N
T

R
O

L

T
hese dram

atic changes in ow
nership struc-

ture,
sectoral 

structure,
product 

m
ix,

and
technological innovation are creating m

any
new

 challenges for governm
ent regulation of

the industrial sector.
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T
raditionally,

C
hina’s 

industrial 
pollution

regulation 
focused 

on 
m

edium
 

and 
large

enterprises 
that 

w
ere 

for 
the 

m
ost 

part
ow

ned or controlled by county-level and
above governm

ents and w
ere the core of the

centrally planned econom
y.

B
ecause these

w
ere governm

ent enterprises,it w
as possible

to exercise an elem
ent of control over them

by adm
inistrative or non-regulatory m

eans.
T

he 1990s saw
 continued im

provem
ents in

pollution control at m
edium

 and large enter-
prises,and adm

inistrative m
easures w

ere an
im

portant 
factor 

influencing 
this 

trend.
G

row
ing aw

areness of pollution problem
s

from
 T

V
IE

s prom
pted a serious crackdow

n
on sm

all enterprises in 1996-97,
and this

produced a m
easurable reduction in em

is-
sions from

 this sub-sector.H
ow

ever,this w
as

only achieved through the use of “extra-
regulatory”

m
ethods—

the cam
paign to shut

dow
n 15 kinds of sm

all enterprises.T
his w

as
socially disruptive,and did not really provide
an acceptable basis for a long-term

 approach.

A
s the industrial sector becom

es even m
ore

dom
inated by private firm

s,
adm

inistrative
m

easures 
w

ill 
becom

e 
progressively 

less
effective,

and “extra-regulatory”
cam

paigns
w

ill becom
e unacceptably disruptive.In this

context,one of the m
ain challenges for the

future w
ill be to significantly strengthen reg-

ulatory effectiveness,so as to m
axim

ize the
benefits of the law

s and regulations already in
place.A

t the sam
e tim

e,m
ore w

ork needs to

be 
done 

on 
supplem

entary 
approaches,

including 
econom

ic 
incentives,

voluntary
instrum

ents,and public participation.

U
rbanization and 

the Environm
ent

C
hina’s urban population is vast and grow

ing
rapidly.T

he current “official”
urban popula-

tion of 400 m
illion people—

30 percent of
the population—

is roughly equal to the total
population of W

estern E
urope.

E
ach year

during the 1990s,it grew
 by about 10 m

illion
people,

equivalent 
to 

the 
population 

of
G

reece.
Im

pressive as they are,
these data

understate the situation.M
ost analysts agree

that the actual urban population is m
uch

larger—
about 455 m

illion,or 36 percent of
the total population. 6

T
he official statistics indicate that the m

ost
dram

atic increases in urbanization during
the 1990s occurred in m

edium
-sized and

sm
aller cities,w

hich are generally less w
ell-

equipped w
ith financial and hum

an resources
to deal w

ith rapid grow
th or its environm

en-
tal consequences (see T

able 1.1).
H

ow
ever,

closer 
exam

ination 
show

s 
that 

an 
even

greater challenge m
ay be developing at an

adm
inistrative level below

 the city;that is,in
the “adm

inistrative tow
ns.”

T
hese increased

in num
ber from

 about 10,000 in 1991 to
m

ore than 17,000 in 1999. 7
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Table 1.1  U
rban G

row
th,1991-99

1991
1999

N
um

ber of designated cities of w
hich:

479
667

–Super large (>2 m
illion)

9
13

–Very large (1-2 m
illion)

22
24

–Large (0.5-1 m
illion)

30
49

–M
edium

 (0.2-0.5 m
illion)

121
216

–Sm
all (<0.2

m
illion)

297
365

N
um

ber of adm
inistrative tow

ns a
10,000

17,341

N
ote: a Adm

inistrative tow
ns refers to the urbanized partof the 

adm
inistrative unitknow

n as a tow
nship and are analogous to 

a county seatw
ithin a county.Tow

nships are the low
estlevel of 

governm
entadm

inistration.

Source:ZTN
 (1992 and 2000);ZCJTN

 (1999).

T
he State D

evelopm
ent P

lanning C
om

m
i-

ssion (SD
PC

) hopes to m
aintain urbanization

grow
th rates at 0.5-1.0 percent per annum

during the period of the 10th F
ive Year

P
lan.B

ased on recent experience,this m
ay

be low
.

N
evertheless,

even if the SD
P

C
’s

projections are correct,
there w

ill still be a
substantial increase in urbanization over the
next 10 years.T

he dem
and for urban envi-

ronm
ental infrastructure,

already high,
w

ill
increase 

accordingly.
T

his 
w

ill 
represent

another significant environm
ental challenge

for the governm
ent.

U
R

B
A

N
E

N
V

IR
O

N
M

E
N

T
A

L
Q

U
A

L
IT

Y

Priority environm
ental issues in C

hina’s urban
areas include air pollution,m

unicipal w
aste-

w
ater treatm

ent,
solid w

aste m
anagem

ent,
and urban encroachm

ent on arable land.

A
ir pollution.

T
he m

ost prom
inent urban

environm
ental problem

 in C
hina is air pollu-

tion,
particularly fine-particulate pollution,

w
hich is generated m

ostly by burning fossil
fuels.C

hina has been successful in prom
ot-

ing the use of gaseous fuels in urban residen-
tial 

and 
com

m
ercial 

sectors,
especially 

in
large cities.

A
s a result,

concentrations of
SO

2
and T

SP
 in m

any cities have declined
significantly.

M
otor vehicle em

issions are grow
ing rapidly

as an urban air pollution issue.
U

nlike the
other urban issues,it w

as not even foreseen at
the beginning of the 1990s.

A
s show

n in
T

able 1.3,during the 1990s the num
ber of

m
otor vehicles increased significantly.

T
he

biggest increases w
ere in privately ow

ned
passenger vehicles and m

otorcycles,
w

hich
w

ere a rarity in the early 1990s.C
hina is only

Table 1.2
W

astew
ater Flow

s and CO
D

 Loads,1991 and 1999

W
astew

ater Source
Flow

 
CO

D
 Load

(m
illion cubic m

eters)
(m

illion tons)

1991
1999

1991
1999

Industrial
27,089

19,730
10.4

6.9

M
unicipal

10,020
20,377

4.0
7.0

N
ational Total

37,108
40,107

14.4
13.9

Source:ZTN
 (1992 and 2000)
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at the very beginning of its developm
ent as 

a 
privately 

m
obile 

society.
G

iven 
current

industrial developm
ent policies,there is likely

to be continued explosive grow
th in personal

vehicle ow
nership and associated environ-

m
ental problem

s in the foreseeable future.
T

he 
environm

ental 
consequences 

of 
this

grow
th are am

plified by the fact that vehicles
in C

hina produce higher em
issions than in

other countries.For exam
ple,it is estim

ated
that an average m

otor vehicle in B
eijing

em
its four tim

es as m
uch carbon m

onoxide
(C

O
) and seven tim

es as m
uch nitrogen

oxide (N
O

x ) as an average vehicle in Tokyo.
O

ne 
positive 

note 
is 

the 
governm

ent’s 
rapid 

and 
successful 

phaseout 
of 

lead 
in

gasoline.
T

he 
four-year 

program
,

w
hich

started in 1997,has elim
inated a m

ajor public
health hazard.

Table 1.3
Average Annual Increases in Registered

Civilian M
otor Vehicles,1990-99

Vehicle category
Avg.G

row
th Rate (%

)

Passenger vehicles:
19

Privately ow
ned

33
O

ther ow
nership

14
Trucks

7
Privately ow

ned
17

O
ther ow

nership
4

Specialty vehicles
7

Passenger Vehicles &
 Trucks

12
M

otorcycles
26

Source:ZTN
 (2000)

W
astew

ater.D
uring the 1990s,a significant

sw
itch occurred in the balance of w

astew
ater

flow
s and C

O
D

 loads betw
een industrial and

m
unicipal sources (see T

able 1.2).Industrial
w

astew
ater flow

s and loads declined signifi-
cantly,

w
hile 

m
unicipal 

flow
s 

and 
loads

increased.
In 

1999,
m

unicipal 
w

astew
ater

flow
s and C

O
D

 loads exceeded total indus-
trial flow

s and loads for the first tim
e.T

he
treatm

ent rates and treatm
ent efficiencies 

of m
unicipal w

astew
ater are only a fraction

of industrial rates,
largely because of the

inability of urban governm
ents to keep pace

w
ith grow

th.T
hese trends are likely to grow

significantly in the foreseeable future,
and

city m
anagers can expect that the difficulties

they are currently experiencing w
ith sew

age
collection 

and 
treatm

ent 
dem

and 
w

ill
increase significantly.

U
rban encroachm

ent.
B

etw
een 1987 and

1995,nearly 1 m
illion hectares of cultivated

land w
ere lost due to urban infrastructure

developm
ent and expansion.T

his represent-
ed about 20 percent of all cultivated land lost
or converted during the period.

A
bout one

fourth of the total w
as located in the eastern

parts of the country,w
here urban econom

ic
grow

th has been boom
ing.T

hese losses are
particularly 

serious 
because 

m
uch 

of 
the 

land near urban areas is highly productive
agricultural land,w

ell served w
ith w

ater,and 
located close to m

ajor m
arkets.M

uch of this
land w

as replaced by new
ly developed land in

other parts of C
hina,but it w

as generally of
low

er quality,
had less access to w

ater,
and

w
as located m

uch further aw
ay from

 the
m

ain 
dom

estic 
m

arkets.
A

s 
urbanization

increases,the problem
s of m

aintaining a cul-
tivated land base w

ill w
orsen considerably.
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U
R

B
A

N
G

R
O

W
T

H
:

P
R

IO
R

IT
Y

I
S

S
U

E
S

T
he scale and speed of urban renew

al and
expansion in C

hina is unprecedented.A
bout

half of all residential and com
m

ercial build-
ings in urban areas w

ere built in the past 10
years,and the urban building stock is expect-
ed to double again in the next 10 to 15 years.

Som
e planners believe that the urbanization

rate should increase to around 40 percent 
by 2015 from

 the current actual rate of 
36 percent.T

his w
ould bring the total urban

population 
to 

about 
670 

m
illion.

T
his

trem
endous 

grow
th 

w
ill 

significantly
increase the challenge of urban environm

en-
tal 

m
anagem

ent.
A

 
further 

challenge 
in

urban environm
ental m

anagem
ent is that 

a substantial am
ount of urban grow

th is
occurring at levels below

 official cities,w
here

there is virtually no capacity to deal w
ith

planning problem
s.

Substantial investm
ents w

ill be required to
im

prove 
urban 

environm
ental 

quality.
Priorities include extension of sew

ers and
increases in w

astew
ater treatm

ent capacity,
fuel sw

itching,
w

ater and energy conserva-
tion,and m

ass transit system
s.T

he financing
and the cost-effectiveness of these invest-
m

ents w
ill to a large extent depend on the

transparency and m
arket-driven nature of

the pricing of urban environm
ental services,

energy,
and 

other 
infrastructure 

services.
Prices need to strike a balance betw

een the
incentive for users to reduce dem

and and the

incentive for suppliers to m
aintain adequate

services.M
any prices presently set for urban

services do the opposite.

Increased investm
ent w

ill be necessary but
not 

sufficient 
to 

m
eet 

the 
challenge.

Im
proved 

planning,
increased 

sectoral 
integration,

and increased hum
an resources

developm
ent all have equally im

portant parts
to play.E

nvironm
ental m

aster plans provide
a good w

ay for cities to system
atically ana-

lyze their environm
ental problem

s and seek
cost-effective 

solutions,
but 

few
 

C
hinese

cities have them
.T

here is an urgent need for
all C

hinese cities to m
ake environm

ental
provisions an integral part of their urban
developm

ent plans,including zoning restric-
tions,requirem

ents for sew
er connection or

alternative 
w

astew
ater 

disposal 
m

ethods,
controls on spraw

l,
open space provisions,

and so on.

M
unicipal or county environm

ental protec-
tion bureaus have been prim

arily dealing
w

ith industrial pollution problem
s,

and are
not w

ell prepared and positioned to tackle
the m

ulti-dim
ensional,

cross-sectoral urban
environm

ental 
issues.

T
hey 

tend 
not 

to 
participate in m

unicipal planning,
w

hich is 
carried out by planning departm

ents,and as
a result the role of prevention is m

inim
ized.

U
rban environm

ental problem
s tend to be

addressed retrospectively and only w
hen they

becom
e 

serious.
E

nvironm
ental 

agencies
need to increase their participation in the
urban 

planning 
process 

and 
increase 

the
em

phasis on m
inim

ization and avoidance.
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Agriculture,Poverty,
and N

atural Resources
M

anagem
ent

In a country such as C
hina,w

here even today
the m

ajority of the population lives in rural
areas,

the state of the rural environm
ent—

that is,of the land,the life that is dependent
on the land,and the w

ater that flow
s from

the land—
is substantially influenced by the

state of the rural econom
y.A

s the rural econ-
om

y changes,so too do the natural resources
m

anagem
ent issues that have to be addressed.

C
H

A
N

G
IN

G
P

A
T

T
E

R
N

S
O

F

A
G

R
IC

U
L

T
U

R
A

L
P

R
O

D
U

C
T

IO
N

O
f all the sectors that are changing in the

C
hinese econom

y,
agriculture is changing

the 
m

ost.
Its 

econom
ic 

contribution 
is

declining in relative term
s,as is its role as a

source of em
ploym

ent (see F
igures 1.2 and

1.3).A
t the sam

e tim
e,farm

ers are increas-

ingly being freed from
 direction by the state

and 
perm

itted 
to 

respond 
to 

consum
er

dem
and,w

hich is changing the structure of
agricultural output.Production of crops has
been declining,w

hile the livestock,fish,and
horticulture 

sectors 
have 

been 
increasing 

(see F
igure 1.4).

T
hese changes have m

any environm
ental

im
plications,

som
e of w

hich are positive
and others negative.

O
n the positive side,

1970
1980

1990
1999

1008060

Percent 

40200

Figure 1.2  Sectoral Contributions to G
D

P, 1970-99

Industry
Services

Agriculture

Source: H
uang et al. (1999)
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1999

1008060

Percent Share of Employment

40200

Figure 1.3  Sectoral Contributions 
to Em

ploym
ent, 1970-99

Industry
Services

Agriculture

Source: ZTN
 (2000)
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Percent Share of Agriculture GDP 

40200

Figure 1.4  Structure of Agricultural Production, 1970-99

Forestry/H
orticulture

Livestock
Crop production

Source: H
uang et al. (1999)
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diversification out of grain crop production
could reduce land developm

ent pressures;in
m

any cases,conversion to cropland in the last
30 years has been a source of considerable
land degradation,

in part because m
uch of

this land is only m
arginally suitable for culti-

vation.
It 

could 
also 

reduce 
irrigation

dem
ands,since m

uch of the diversification is
occurring in eastern C

hina,w
here irrigation

is m
ost developed and w

ater-use conflicts are
m

ost 
acute.

Fertilizer 
dem

ands 
and 

the
adverse effects associated w

ith their m
isuse

m
ay also be m

oderated,since grain producers
are the biggest consum

ers of fertilizer.T
hey

are also the m
ost prone to over-apply fertil-

izer,
thus 

contributing 
to 

eutrophication
problem

s,
w

hich are particularly severe in
eastern C

hina.

D
iversification 

also 
poses 

tw
o 

potentially
significant 

adverse 
environm

ental 
conse-

quences:
(a) increased production of horti-

cultural products and cash crops such as 
vegetables tend to be associated w

ith increases
in 

pesticide 
applications,

particularly 
the

m
ore hazardous types;and (b) increased live-

stock 
production 

can 
result 

in 
increased

em
issions of organic pollutants.

C
hina m

ay already be the largest producer
and consum

er of pesticides in the w
orld. 8

T
here are m

any reports that farm
ers are

overusing them
 and are unaw

are of the health
risks associated w

ith their use.T
here are also

reports of substantial local production of and
trade in banned and environm

entally haz-
ardous pesticides.Increased production and

dom
estic consum

ption of pesticides w
ill not

only 
represent 

an 
increasing 

risk 
to 

the
health and safety of farm

ers using them
,but

elevated pesticide residues in food products
could act as a barrier to entry to im

portant
export m

arkets for high-quality food.

L
ivestock is another rapidly grow

ing part of
the rural econom

y,and this trend w
ill con-

tinue as dom
estic incom

es and consum
ption

of m
eat products rise.T

he bulk of increased
production,particularly pork,w

ill be m
et by

m
edium

- and large-scale intensive anim
al

production operations,w
hich are potentially

significant 
w

ater 
pollution 

sources.
Pro-

jections sum
m

arized in C
hapter 3 suggest

that,w
ithin the foreseeable future,their sig-

nificance could be com
parable to the current

com
bined im

pact of industrial and m
unicipal

w
ater 

pollution 
sources.

T
his 

m
atter 

w
ill

present a m
ajor challenge to environm

ental
protection agencies and relevant units of the
M

inistry of A
griculture.

P
O

V
E

R
T

Y
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N
D

N
A

T
U

R
A

L

R
E

S
O

U
R

C
E

S
M

A
N

A
G

E
M

E
N

T

A
s the poverty problem

 retreated during 
the 1990s,it becam

e increasingly caught up
w

ith the issue of land degradation.
O

f the
roughly 42 m

illion people still living under
the 

governm
ent’s 

poverty 
line,

the 
great

m
ajority are living in rural areas that are par-

ticularly 
susceptible 

to 
land 

degradation,
w

hich 
is 

unquestionably 
the 

m
ajor 

rural
environm

ental issue confronting the country
today.In the central and eastern regions of
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the country,there is a high degree of overlap
betw

een 
ecologically 

sensitive 
land 

and
counties w

ith high poverty rates.
Sim

ilarly,
there are concentrations of poor people in
the grassland provinces of w

estern C
hina

that are prone to desertification. 9

In som
e respects,there is a circular relation-

ship betw
een poverty and natural resource

degradation.Part of the reason that the peo-
ple are poor is because their land is of poor
quality,

and/or the clim
ate is variable and

subject to extrem
es.T

hese are the sam
e fea-

tures that m
ake the landscape susceptible to

degradation.T
he farm

ers’problem
s are com

-
pounded by rem

oteness and lack of access to
governm

ent services,infrastructure,m
arkets,

and credit.T
heir lives are risky,and they lack

confidence in their ability to access m
arkets.

In turn,this m
akes them

 unw
illing to diver-

sify production aw
ay from

 basic staples,prin-
cipally grain or sm

all livestock.T
hus,

even
w

hen they have the know
ledge and ability to

diversify production,they m
ay be reluctant to

take the risk.U
nder such heavily constrained

circum
stances,it is not surprising that m

any
poor 

farm
ers 

attem
pt 

to 
increase 

their
incom

es by m
aking use of the only produc-

tion factors available to them
 either freely or

at low
 cost:

(a) unutilized or underutilized
land,w

hich is likely to be even m
ore degrad-

able than the land they are already using;and
(b) their labor,

w
hich has low

 opportunity
cost because of the shortage or com

plete
absence of off-farm

 em
ploym

ent opportuni-

ties.Poor land resources thus lead to poverty,
w

hich leads to further degradation of land
resources,w

hich leads to increased poverty.

L
and degradation in C

hina is serious and
appears to be w

orsening on m
ost fronts in

spite 
of 

strenuous 
governm

ent 
efforts 

to
com

bat it.
A

 coordinated attack on land
degradation needs to be a central them

e in
the governm

ent’s strategy.Past strategies w
ill

not be sufficient;new
 approaches need to be

developed.
T

he close connection betw
een

rural poverty and land degradation m
ay pro-

vide a w
ay forw

ard.
A

n im
portant com

po-
nent of the strategy could be the poverty 
alleviation 

cam
paign 

spearheaded 
by 

the
L

eading 
G

roup 
on 

Poverty 
R

eduction
(L

G
P

R
),

since 
it 

attacks 
the 

underlying
causes of poverty,w

hich ultim
ately are also

im
portant causes of land degradation.

Lessons for the N
ew

M
illennium

T
he issues discussed above w

ill be elaborated
in succeeding chapters,

but there are som
e

general conclusions that can be draw
n from

the last 10 years’experience that are useful in
thinking about how

 to confront the new
environm

ental challenges.

W
hen C

hina’s econom
y took off tw

o decades
ago,three em

erging conditions changed the
character of grow

th and subsequent environ-
m

ental im
pacts.

F
irst,

the econom
ic system

w
as set on a reform

ing path to increase its
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responsiveness 
to 

m
arket 

m
echanism

s.
Second,

the country opened up to interna-
tional trade,know

ledge,and norm
s.T

hird,a
nascent environm

ental protection system
 w

as
put in place and slow

ly but progressively
increased in strength.

T
he first tw

o factors
contributed 

to 
the 

spectacular 
econom

ic
grow

th of the last 20 years,w
hile the third

helped 
prevent 

environm
ental 

conditions
from

 deteriorating even m
ore than they have.

It w
ould be easy to be pessim

istic about
C

hina’s 
environm

ental 
prospects 

over 
the

next 10 years.T
he scale of expected grow

th
and developm

ent,the com
plexity of issues to

be addressed,
and the already over-stressed

state of the environm
ent present an intim

i-
dating prospect.B

ut there is also consider-
able room

 for optim
ism

.Political and public
aw

areness of environm
ental degradation is

already high and increasing.A
 solid fram

e-
w

ork of environm
ental law

s and regulations
has been put in place,and there is little doubt
about the governm

ent’s capacity to deal w
ith

com
plex m

anagem
ent problem

s.W
hile it is

not yet true that C
hina has w

on the battle
against industrial pollution,

it has created
m

any of the preconditions for success and is
definitely 

m
aking 

progress.
E

m
issions 

of 
several m

ajor pollutants,such as C
O

D
 and

particulate m
atter,

have been stabilized or
even reduced during a period of strong out-
put grow

th.Statistics and analysis show
 that 

econom
ic grow

th and m
arket reform

s have
continuously reduced the pollution intensity
of C

hinese industries,
and there is com

-

pelling evidence that strengthened pollution
m

anagem
ent 

has 
increased 

incentives 
for

industrial pollution control.

In short,there has been an encouraging con-
vergence of events governing industrial pollu-
tion,w

hich provides considerable reason for
confidence about future prospects on that
front.

A
t 

the 
sam

e 
tim

e,
how

ever,
other

dim
ensions of the environm

ental agenda are
em

erging.
U

rban 
environm

ental 
m

anage-
m

ent is now
 a huge challenge,notw

ithstand-
ing the governm

ent’s m
assive investm

ents in
environm

ental infrastructure.T
he deteriorat-

ing state of the natural environm
ent is not

only im
pinging on the health of the rural

econom
y,but is also intruding into the lives of

the urban com
m

unity through dust storm
s

and other indirect effects.In this context,the
challenge for the next 10 years w

ill be how
 to

m
aintain the m

om
entum

 on industrial pollu-
tion control and broaden the attack to cover
em

erging 
environm

ental 
issues 

w
ithout

underm
ining the econom

ic grow
th that has

provided the m
otivation and space to address

environm
ental problem

s in the first place.

M
eeting that challenge w

ill require m
ore

than the best efforts of SE
PA

 and its coun-
terparts at low

er levels.T
his is a challenge

that requires the attention and coordinated
efforts of all relevant branches of governm

ent
to achieve m

uch better integration betw
een

econom
ic 

and 
environm

ental 
policies.

E
conom

ic policies and institutions need to
be designed to provide the right incentives to
protect 

the 
environm

ent.
E

nvironm
ental
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m
anagem

ent needs to focus on the full cycle
of 

any 
econom

ic 
activity,

not 
just 

w
aste 

disposal.
T

he integration of econom
ic and

environm
ental policies is a tw

o-w
ay street.

E
conom

ic policies and institutions need to
be reform

ed to im
prove or introduce envi-

ronm
ental signals that are received by differ-

ent econom
ic actors.E

nvironm
ental policies

and institutions also need to be reform
ed to

harness the efficiency of the m
arket and the

synergistic opportunities offered by grow
th.

T
he problem

 of achieving econom
y-environ-

m
ent integration in C

hina is com
pounded by

the grow
ing assertiveness of local govern-

m
ents and their unw

illingness to be bound
by environm

ental constraints in the rush for
grow

th.
T

his is a transitional problem
,

as 
evidenced by the increasing attention paid to
environm

ental issues by governm
ents in the

eastern provinces,but the governm
ent needs

to push the pace of transition through edu-
cation,incentives,and peer group pressure.

T
hese are difficult concepts to put into oper-

ation,and no country can legitim
ately claim

to have fully succeeded,although m
any are

trying.
C

hina 
w

ill 
have 

to 
w

ork 
out 

an
approach suited to its ow

n situation,
but it 

is already clear that a key elem
ent in the

solution w
ill be to develop a m

echanism
 to

better integrate econom
ic and environm

ental
policies 

and 
to 

coordinate 
the 

efforts 
of 

different agencies. 10

T
he follow

ing chapters of this report explore
the detailed dim

ensions of the environm
en-

tal challenge in relation to the m
anagem

ent
of land,w

ater,and air,and to environm
ental

adm
inistration.

In the concluding chapter,
w

e return again to the issue of a crosscutting
environm

ental strategy,
and discuss further

how
 the concepts m

entioned above could be
put into action.
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N
otes

1.T
he im

pact on air em
issions m

ay not have been so 
significant (see F

igure 1.1).

2.O
ne of the industries favored by structural reform

 is
leather tanning,w

hich is a serious source of pollution.

3.T
hey are m

ining (covering coal,ferrous and nonferrous
m

etals and non-m
etal m

inerals),electricity generation,
non-m

etal m
ineral production (including cem

ent and 
brick m

aking),chem
ical production,food processing and

m
anufacturing,pulp and paper production,textiles,and 

ferrous sm
elting and processing.

4.Statistics show
 that the value added by the C

hinese m
an-

ufacturing sector is derived as follow
s;36 percent from

 light
m

anufacturing,32 percent from
 raw

 m
aterial m

anufacturing,
and 32 percent from

 dow
nstream

 processing and assem
bly.

T
he average contribution of these sub-sectors in the U

SA
,

Japan,and France/G
erm

any is 30 percent,26 percent,and 
44 percent,respectively (C

A
SS 2000).

5.For exam
ple,coal-based am

m
onia production technology,

w
hich accounts for over 75 percent of C

hina’s am
m

onia pro-
duction,uses 500-1,000 tons of w

ater per ton of am
m

onia,
com

pared w
ith only 12 tons of w

ater in natural gas-based
processes.C

hinese paper m
ills require 200 to 400 tons of

w
ater to produce 1 ton of paper product,w

hile state-of-the-
art m

ills in industrialized countries use as little as 60 tons 
per ton.O

ver 80 percent of C
hina’s caustic soda,a m

ajor
industrial raw

 m
aterial,is produced through the diaphragm

process,w
hich is both energy intensive and highly w

ater 
polluting.T

he m
em

brane process,a relatively new
 but

m
ature technology,requires 30 percent less energy;

elim
inates additives such as asbestos,lead,or heavy 

m
etals;and can cut w

astew
ater volum

e by a factor of 15.

6.T
his includes (a) the “non-agricultural population”

of C
hina’s 667 designated cities,w

hich is the narrow
est 

definition of urban population (they total about 380 m
illion

people and constitute the “official”urban population);(b)
unregistered urban residents (m

ainly m
igrant w

orkers);and
(c) people living in “peri-urban”tow

ns,that is,tow
ns that

have been sw
allow

ed up by expanding urban areas but are
not yet counted as being part of the city.

7.T
he total population of C

hina’s 17,341 adm
inistrative

tow
ns in 1999 w

as about 116 m
illion people,of w

hom
 about

48.8 m
illion w

ere registered as non-agricultural population
(N

A
P

).T
here are an additional 15 m

illion people classified 
as N

A
P

 living in w
hat the M

inistry of C
onstruction classifies

as “tow
n concentrations”(i.e.inform

al urban areas w
ithin

tow
nships,w

hich have no form
al adm

inistrative structure).
A

ll of the N
A

P
 of both organized tow

ns and tow
n concen-

trations could reasonably be considered as urban population.
T

ogether,they represent about 16 percent of the “urban”
population currently registered as living in designated cities.

8.D
om

estic production in 1997 is estim
ated to have been 

on the order of 450,000 tons of active ingredients,w
hich 

w
as the second highest in the w

orld at the tim
e.If previous

grow
th trends w

ere sustained in subsequent years,C
hina

w
ould now

 be the biggest producer in the w
orld (H

uang 
et al.2000).A

bout 93 percent of dom
estic production is 

consum
ed locally.

9.T
he proportion of the rural population living below

 the
governm

ent’s poverty line (1996) in the m
ajor grassland

provinces is as follow
s:T

ibet–10 percent;Inner M
ongolia 

–9.3 percent;X
injiang–27.4 percent;Q

inghai–17.7 percent;
Sichuan–7 percent;G

ansu–22.7 percent;and Yunnan–22.9
percent.T

hese are all w
ell above the national average of 

6.3 percent.X
injiang is notable for being the only province in

the country w
here poverty increased over the 1988–96 period;

the percentage of poor rural households in X
injiang increased

from
 8.8 percent to 27.4 percent.(W

orld B
ank 2000).
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10.T
he concept of environm

entally sustainable developm
ent

has already been incorporated into the national planning
process.T

he S
u

stain
able D

ev
elopm

en
t S

trategy
w

as form
ulated

in 1997 and has been developed further for the 10th F
ive

Year P
lan.It is intended to achieve a harm

onious balance
betw

een population,resources,and the environm
ent,but

m
ost of the focus is on setting targets.Further w

ork is need-
ed to address the underlying com

plexities of econom
ic and

environm
ental integration and m

ove the econom
y tow

ard
these am

bitious targets.
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2
Land Resources

C
hina’s grow

th and developm
ent is having a

significant im
pact on its land system

s.Partly
as a result,

land degradation is w
idespread

and increasing.

T
his chapter sum

m
arizes recent trends in the

m
ain observable results of land degradation,

including w
ater erosion,desertification,and

salinization.It then considers trends in the
status and m

anagem
ent of the three m

ain
terrestrial 

land 
system

s:
cultivated 

lands,
grasslands,

and 
forests.

T
ogether,

these 
system

s 
cover 

about 
82 

percent 
of 

the
national area. 1

T
he chapter also discusses

the m
anagem

ent and protection of C
hina’s 

considerable 
biodiversity 

resources.
T

he 
concluding section outlines the m

ain recom
-

m
endations for addressing these issues.

The State of Land
D

egradation
C

hina is prone to land degradation,
and 

particularly erosion,
due to its clim

ate and
geography.In part because of C

hina’s rapid
grow

th over the last 30 years,there is little

doubt 
that 

the 
problem

 
has 

accelerated.
C

hina is now
 considered one of the m

ost
seriously 

eroded 
countries 

in 
the 

w
orld

(H
uang 2000).

B
ased on an analysis of satellite im

ages,
the C

hinese A
cadem

y of Sciences estim
ates

that in the early 1990s som
e 375 m

illion
hectares—

nearly 40 percent of the country—
w

as affected by m
oderate to severe erosion. 2

T
he biggest problem

s are w
ater and w

ind
erosion,follow

ed by salinization.

W
A

T
E

R
E

R
O

S
IO

N

O
ver the 20-year period from

 1975 to 1996,
the total area of land m

oderately to severely
affected by w

ater erosion increased by an
estim

ated 20 to 30 percent,w
hich is equiva-

lent to an annual rate of increase of about 
2 percent. 3

In the extended L
oess P

lateau region,w
hich

is the m
ost susceptible to w

ater erosion in
the nation,increases w

ere less than a quarter
of the national average (F

igure 2.1).
T

his
suggests that the governm

ent’s m
assive ero-

sion control cam
paign on the L

oess P
lateau

is succeeding and,
m

ore generally,
that the

w
ater erosion problem

 can be beaten given
the right com

bination of control strategies.
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A
part from

 the erosion on the L
oess P

lateau,
m

ost 
observed 

erosion 
is 

believed 
to 

be 
taking place on m

arginal cultivated land and
“barren lands,”

w
hich does not threaten the

productivity of C
hina’s prim

e cultivated land
resources.T

he m
ain im

m
ediate victim

s are
the generally poor farm

ers w
ho are forced to

cultivate the poorer quality areas.W
ater ero-

sion 
also 

has 
significant 

off-site 
effects,

including reducing the hydraulic capacity of
im

portant river system
s.

D
E

S
E

R
T

IF
IC

A
T

IO
N

A
n estim

ated 331 m
illion hectares—

roughly
a third of C

hina’s total area—
is prone to

desertification. 4
O

f this total,desertification
is actually occurring on about 262 m

illion
hectares.T

his is believed to be the highest
ratio of actual-to-potential desertification of
any country in the w

orld.
T

he problem
 is

m
ainly 

restricted 
to 

just 
five 

provinces/
autonom

ous regions:X
injiang (42 percent of

1975-79

1980-84

1985-89

1990-94

1995-96

200

150

100500

Figure 2.1  Trends in Land M
oderately 

to Severely Affected By W
ater Erosion, 1975-96

N
ational Total

Loess Plateau

Million Hectares

Source: Adapted from
 H

uang (2000)

the national total),Inner M
ongolia (34 per-

cent),G
ansu (9 percent),T

ibet (7 percent),
and Q

inghai (5 percent).

D
ata 

on 
w

hich 
to 

assess 
desertification

trends at the national level are rather lim
ited.

T
hey suggest that desertification has been

w
orsening progressively over the last 50 years,

and the rate m
ay have accelerated during

both the 1980s and the 1990s.

T
here are tw

o m
ain geographical areas w

here
significant 

desertification 
is 

occurring:
(1) the agro-pastoral transitional zone in
northern 

C
hina,

predom
inantly 

in 
Inner

M
ongolia 

but 
extending 

into 
five 

other
provinces to som

e degree;and,(2) areas sur-
rounding agricultural oases on the internally
draining 

river 
system

s 
of 

northw
estern

C
hina,

predom
inantly 

in 
X

injiang 
and

G
ansu provinces.

T
he w

orst and m
ost intractable problem

s are
occurring in the agro-pastoral zone in north-
ern C

hina.In this area,there is little doubt
that 

the 
m

ost 
significant 

contributor 
to

desertification over the last 50 years w
as

excessive land reclam
ation during the 1960s

and 
1970s,

com
bined 

w
ith 

an 
excessive

build-up in livestock num
bers in the 1960s.

B
oth w

ere driven by the governm
ent’s drive

for food self-sufficiency.G
enerally,it appears

that the desertification trend throughout the
region has progressively w

orsened through
the 

1980s 
and 

possibly 
into 

the 
1990s,

notw
ithstanding governm

ent control efforts
in the late 1980s and 1990s.
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S
A

L
IN

IZ
A

T
IO

N

Salinization is m
ainly a problem

 associated
w

ith poorly designed and/or m
anaged irriga-

tion developm
ent in arid and sem

iarid zones.
Salinization is also a natural phenom

enon;
there are vast areas of natural salt pans in
w

estern C
hina.

T
he area of salinized land is estim

ated at 
82 to 100 m

illion hectares,including about
7–8 m

illion hectares in areas of cultivated
land.

A
ccording to data com

piled by the
M

inistry of W
ater R

esources,
the area of

salinized cultivated land
increased by about

10 percent over the 20 year-period ending in
1996,but the rate declined quite noticeably
during the late 1980s and into the 1990s.

M
ost 

of 
the 

salinized 
cultivated 

land 
in

C
hina 

is 
located 

in 
three 

geographical
regions:the N

orth (30 percent of the total),
the E

xtended L
oess P

lateau (26 percent),
and the N

ortheast (16 percent).O
f these,the

area of m
ajor national significance is the

N
orth,w

hich includes the north C
hina P

lain
and the provinces of B

eijing,T
ianjin,H

ebei,
and Shandong.

T
he governm

ent has developed and im
ple-

m
ented a range of program

s to control salin-
ization and reclaim

 salinized land through
investm

ents 
in 

im
proved 

irrigation 
and

drainage,
im

proved irrigation m
anagem

ent,
and altered cropping patterns.T

he program
has been very successful,w

ith consistent net
gains 

since 
1988 

due 
to 

sim
ultaneous

progress in both the prevention of saliniza-

tion 
and 

rem
ediation.

Several 
factors 

are
contributing to this success,including (a) the
direct and obvious link betw

een salinization
and production losses,w

hich m
akes farm

ers
aw

are of the problem
 and probably m

ore
receptive to advice on w

hat they can do to
control it;(b) the fact that engineers in the
W

ater 
R

esources 
bureaus 

understand 
the

causes of the problem
 and techniques for

avoiding and/or rem
ediating it;(c) the com

-
bined im

pact of focusing on both reducing
the extent of new

 salinization and rem
ediat-

ing already salinized areas;and (d) the sub-
stantial financial resources applied to the
problem

.T
he last point is a necessary com

-
ponent of the control strategy,but experience
w

ith other problem
s suggests that m

oney
alone is not sufficient to solve the problem

.
T

he other elem
ents also need to be in place.

M
anagem

entIssues in
the M

ain Land System
s

K
ey 

land 
m

anagem
ent 

issues 
in 

C
hina

include losses of cultivated land,
grassland

degradation,
the declining state of natural

forests,and increasing threats to biodiversity
resources.T

he causes are m
any,but there is

little doubt that the governm
ent’s natural

resource m
anagem

ent policies have been an
im

portant contributing factor.
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C
U

L
T

IV
A

T
E

D
L

A
N

D
S

T
he 

net 
reduction 

of 
cultivated 

land 
is

directly linked to the governm
ent’s national

food security concerns.T
he available data

5

suggest that from
 1987 to 1995 the area of

cultivated 
land 

in 
C

hina 
declined.

A
s

show
n in T

able 2.1,
the total net decline

over 
that 

period 
w

as 
about 

1.7 
m

illion
hectares,

including 
about 

3.1 
m

illion
hectares in gains and 4.8 m

illion hectares in
losses of cultivated land.

L
osses.O

f the 4.8 m
illion hectares in losses,

about 
60 

percent 
w

as 
due 

to 
conversion 

of land from
 cultivation to other form

s of

prim
ary production,

m
ost notably horticul-

ture,
forestry,

grassland,
and 

fishponds 
(see T

able 2.2).T
hese changes are m

ainly a
result of agricultural restructuring,including
farm

ers’greater exposure to the m
arket and

greater freedom
 to m

ake their ow
n produc-

tion decisions,but also partly to conversions
prom

oted under governm
ent environm

ental
program

s.
T

hey do not represent absolute
losses 

of 
cultivated 

land.
It 

is 
at 

least
arguable,

from
 an environm

ental point of
view,that som

e conversions m
ay be beneficial,

particularly if the converted land is m
arginal

for food production.

Table 2.1 Additions and Losses of Cultivated Land,1987-95

Year
Total

Increase
D

ecrease
N

etChange
(1,000 H

a)
(1,000 H

a)
(1,000 H

a)
(1,000 H

a)

1987
132,835

372
676

-304

1988
132,530

388
417

-29

1989
132,501

446
346

+100

1990
132,601

425
448

-23

1991
132,578

412
707

-295

1992
132,283

302
625

-323

1993
131,960

347
785

-438

1994
131,522

389
798

-409

1995
131,113

—
—

—

Total
—

3,088
4,804

-1,722

Source:Adapted from
 H

eilig (1999) 
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Table 2.2
Reductions in Cultivated Land by Cause,

1987-95

Source of Reduction
Area

(1,000 H
a)

Loss due to Construction
979

Loss D
ue to Conversion for:

H
orticulture

1,218

Forestry
965

G
rassland

552

Aquaculture
232

Total Conversion
2,967

Loss D
ue to Flood/D

rought/etc.
865

Total Reduction
4,804

N
ote:Losses are cum

ulative for the period.

Source:Adapted from
 H

eilig (1999)

A
bout 20 percent of cultivated land lost over

the 1987-95 period w
as due to the effects 

of 
infrastructure 

and 
urban 

construction,
particularly in the N

orth and E
ast regions

(see F
igure 2.2).T

his is a direct reflection of
the m

assive m
etropolitan area developing in

the low
er Yangtze B

asin betw
een Shanghai

and N
anjing,and also from

 extension of the
B

eijing/T
ianjin urban area.T

he land in the
low

er Yangtze is som
e of the m

ost inherently
productive agricultural land in C

hina,is w
ell

served w
ith w

ater,
and is located close to

m
ajor urban m

arkets.Its loss represents a real
and substantive loss to agriculture.

Finally,about 0.8 m
illion hectares of cultivated

land w
ere lost due to natural disasters,includ-

ing floods,fires,erosion,and desertification.
L

osses such as erosion and desertification are
m

ore or less absolute,
w

hile others such as
floods m

ay only be transitory.

A
dditions.T

he m
ajor source of new

 cultivat-
ed land w

as land reclam
ation (see T

able 2.3),
w

hich 
accounted 

for 
about 

2.2 
m

illion
hectares (70 percent) of all new

 cultivated
land,

m
uch of it in the arid and sem

iarid
areas of the N

orthw
est region (see F

igure
2.3).

Som
e of this new

 cultivated land w
as

developed 
at 

considerable 
environm

ental
cost.

For exam
ple,

about 224,000 hectares
w

as reclaim
ed in Inner M

ongolia;
at least

som
e of this reclam

ation w
as not successful

and resulted in significant loss of high quality
grasslands.

A
nother 267,000 hectares w

as
reclaim

ed in H
eilongjiang.M

uch of this w
as

1,000 H
ectares

-250

Figure 2.2  Cultivated Land Losses 
D

ue to Construction, 1987-95

N
orth

Source: H
uang et al. (1999)
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located 
in 

the “T
hree 

R
ivers 

(Sanjiang)
P

lain”
area,

an 
internationally 

significant
w

etland.T
he largest area of reclam

ation w
as

in X
injiang (317,000 hectares),and m

uch of
this w

as located in the T
arim

 B
asin.

T
he

increased w
ater dem

ands generated by som
e

of this reclaim
ed land have been blam

ed 
by 

local 
experts 

for 
deterioration 

of 
the 

so-called “G
reen 

C
orridor”

on 
the 

low
er

reaches of the T
arim

 R
iver.

Table 2.3
N

etIncreases in Cultivated Land 
by Cause,1987-95

Source of Increase
Area

(1,000 H
a)

Reclam
ation

2,197

D
rainage

118

Rehabilitation
349

Conversion
414

Total
3,082

N
ote:Increases are cum

ulative for the period.

Source:Adapted from
 H

eilig (1999)

D
rainage 

w
as 

an 
im

portant 
source 

of
increased cultivated land in the E

ast statisti-
cal region,and it too had som

e adverse envi-
ronm

ental consequences.
T

he largest area
drained w

as in G
uangdong Province (16,400

hectares),and it is believed that m
uch of this

w
as at the expense of coastal w

etlands in and
around the Pearl R

iver estuary.
T

he next
largest area of drainage w

as in Jilin Province
(14,700 

hectares),
w

hich 
m

ay 
also 

have
involved coastal w

etlands.

G
R

A
S

S
L

A
N

D
S

G
rasslands cover about 40 percent (400 m

il-
lion hectares) of C

hina’s land area,
m

aking
C

hina second only to A
ustralia in the extent

of its grassland resources.T
he m

ajority of the
grasslands are found in only a few

 provinces
or autonom

ous regions.T
he m

ost im
portant

are T
ibet,

Inner M
ongolia,

X
injiang,

and
Q

inghai.A
n estim

ated 317 m
illion hectares

of grassland,or about 80 percent of the total,
is considered usable for livestock grazing 
(L

i 1998).

In general,C
hina’s grasslands are not highly

productive.
A

bout tw
o thirds of the total

have an annual dry m
atter production poten-

tial of less than 1,000 kilogram
s per hectare,

placing them
 in the low

-yield class.

SouthSouthwest

Plateau

Central
EastNortheastNorthwest

North

1000

800

600

1,000 Hectares

Region

400

2000

Figure 2.3  Sources of N
ew

 Cultivated Land, 1987-95

D
rainage

Rehabilitation
Reclam

ation

N
ote: Totals are cum

ulative for the period.
Source: Adapted from

 H
eilig (1999) Conversion
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C
hina has 260 pastoral counties accom

m
o-

dating about 39 m
illion people (Z

hou 1990),
including som

e of the poorest people in
C

hina.M
any are nom

ads w
ho obtain their

livelihoods 
from

 
grasslands 

and 
are 

very 
susceptible to changes in the health and 
productivity of grasslands. 6

In m
uch of C

hina’s pastoral region,traditional
livestock 

production 
and 

grazing 
m

anage-
m

ent strategies have been greatly altered in
the past several decades,as the nom

adic/pas-
toral w

ay of life has been transform
ed to one

m
ore oriented tow

ard a m
arket econom

y.In
recent decades,the governm

ent’s goal for live-
stock production in m

ost pastoral areas has
been to increase livestock off-take,w

hich has
been prom

oted through privatization of herds
and grazing land,

sedentarization,
intensive

grazing m
anagem

ent strategies,and introduc-
tion of rain-fed farm

ing techniques for grow
-

ing forage and fodder.M
any of these develop-

m
ents w

ere responses to econom
ic objectives.

In m
any cases,they have conflicted w

ith the
goal of m

aintaining grassland ecosystem
 sta-

bility.In addition,they m
ay not alw

ays have
been consistent w

ith the herders’ow
n goals.

T
rends.A

s show
n in T

able 2.4,the M
inistry

of A
griculture (M

O
A

) estim
ates that about

34 percent of all grasslands in C
hina are

m
oderately to severely degraded and about

90 percent are degraded to som
e degree.

Inner M
ongolia,

X
injiang,

and G
ansu are

experiencing degradation levels w
ell above

the national average.

G
rassland degradation not only results in

loss of productive capacity,but also reduces
other grassland benefits,including (a) biodi-
versity values,w

hich have declined in term
s

of the num
ber,

variety,
and range of w

ild 

Table 2.4
Extentof G

rassland D
egradation in China,1998

G
rassland Area M

oderately 
Province

G
rassland Area 

to Severely D
egraded  

(m
illion H

a)
(m

illion H
a)

(percent)

Tibet
82.4

21.4
26

Inner M
ongolia 

79.1
45.9

58

Xinjiang
56.4

26.0
46

Q
inghai

36.0
10.8

30
Sichuan

21.1
6.1

29
G

ansu
17.6

8.4
48

Yunnan
15.2

0.5
3 

O
ther Provinces

117.8
17.7

15

Total
393.6

136.7
34

Source:M
inistry of Agriculture (1999)

1
0
1
1
4
7
7
 
W
B
 
1
6
-
4
5
 
 
0
7
/
2
8
/
2
0
0
1
 
 
1
1
:
0
7
 
A
M
 
 
P
a
g
e
 
2
3



24
China:Air,Land,and W

ater

anim
als 

on 
the 

grasslands 
of 

C
hina;

(b)
w

atershed protection; 7
and (c) air quality in

eastern C
hina. 8

D
ata published by the State E

nvironm
ental

Protection A
dm

inistration (SE
PA

 1998a),
w

hich are illustrated in F
igure 2.4,

suggest
that the total area of degraded grassland
increased by about 95 percent betw

een 1989
and 1998,w

ith a notable acceleration in the
m

iddle-to-late 1990s.

C
auses of degradation.G

rassland degrada-
tion is caused by m

any com
plex factors,but it

is hard to avoid the conclusion that the m
ost

fundam
ental underlying cause has been poor

governm
ent developm

ent policies relating to
grassland areas.

Fortunately,
these policies

have been progressively im
proving.

From
 the 1950s to the1970s,grasslands w

ere
prim

arily view
ed as w

astelands.L
arge areas,

particularly those w
ith better soils and access

to w
ater for irrigation,

w
ere converted to

crop production as part of the national food

1989
1991

1992
1993

1998

140
120
100

Million Hectares

60 8020 400

Figure 2.4  Trends in G
rassland D

egradation, 1989-98

Source: SEPA (1998a)

self-sufficiency 
policy.

T
here 

are 
various 

estim
ates of the am

ount of land converted
during this period.

T
he m

ost com
m

only cited figure is about 
6.7 m

illion hectares (L
i 1998 and Yu and L

i
2000).M

uch of this conversion occurred on
state farm

s,
w

hich w
ere established in the

boundary provinces/autonom
ous regions of

Inner M
ongolia,X

injiang,and H
eilongjiang.

M
uch 

of 
the 

investm
ent 

provided 
only

short-term
 benefits,

and m
any of the con-

verted areas subsequently becam
e salinized

or otherw
ise degraded.

B
y the early 1980s,the central governm

ent
reconsidered its approach and substantially
w

ithdrew
 its support for grassland conver-

sion,redirecting policy tow
ard prom

otion of
livestock and anim

al husbandry in grassland
areas.A

s w
ith m

any other aspects of agricul-
tural policy,the em

phasis w
as on m

axim
izing

production,w
ith m

uch less concern for the
sustainability of the production system

.E
ven

though central governm
ent policy changed,

there w
as a lot of “inertia”at low

er levels,and
m

any provincial and local governm
ents failed

to respond to the policy changes m
ade in

B
eijing.D

uring the rem
ainder of the 1980s

and 
into 

the 
1990s,

there 
are 

num
erous

accounts of continued and even accelerated
grassland 

conversion 
projects 

that 
w

ere
either approved or tacitly approved by gov-
ernm

ents below
 the state level. 9
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A
s grassland degradation problem

s w
orsened

during the late 1980s,
governm

ent policy-
m

akers w
ere paying increased attention to

the 
ecological 

functions 
of 

grasslands.
R

estoration of degraded grasslands becam
e

in im
portant factor in national “ecological

construction”
program

s,w
hich w

ere intend-
ed to establish artificial grasslands,im

prove
degraded grasslands,

increase fencing,
and

establish grassland reserves.L
ike m

any such
“ecological construction”program

s in C
hina,

the focus w
as alm

ost entirely on investm
ent,

w
ith less attention being paid to the underly-

ing social and adm
inistrative issues,

w
hich

are often at the heart of natural resource
m

anagem
ent problem

s.

Since 1985,a m
ajor innovation has been the

m
ove 

tow
ard 

establishm
ent 

of 
clearly

defined individual private property rights to
land in the pastoral areas through the alloca-
tion of grassland to individual herders on
long-term

 contracts.A
 prem

ise of the grass-
land contract system

 is that herders w
ere

deterred from
 investm

ent in land im
prove-

m
ents because of uncertainty as to w

hether
they 

could 
appropriate 

the 
benefits.

T
he

grassland contract system
 provides a better

definition of property rights and security of
land tenure,w

hich gives herders the incen-
tive to m

anage their lands sustainably and
invest 

in 
grassland 

im
provem

ents 
(B

anks
1997).T

he approach w
as inform

ed by m
uch

of the em
erging literature on the “T

ragedy of
the C

om
m

ons”(H
ardin 1968),but there are

serious questions w
hether (a) the analysis

actually applies in m
any pastoral areas,w

hich
developed 

their 
ow

n 
com

m
unity-based 

institutional 
arrangem

ents 
for 

regulating
grassland use;(b) one of the underlying con-
cepts (“carrying capacity”) is actually relevant
to “non-equilibrial”

ecological system
s such

as som
e grasslands in C

hina (see B
ox 2.1);or

(c) the governm
ent actually has the staff and

financial resources to enforce the policy.

T
he governm

ent is facing a dilem
m

a regard-
ing the effective privatization of land tenure
in the context of its extensive pastoral areas.
T

here are high transaction costs associated
w

ith the policy,including high private costs
of 

m
onitoring 

and 
enforcing 

boundaries 
relative 

to 
the 

benefits 
(given 

the 
low

 
productivity of the grasslands),

and high
public costs associated w

ith the delineation
of boundaries,the adjudication of disputes,
and 

the 
m

onitoring 
and 

enforcem
ent 

of
contractual provisions relating to grassland
m

anagem
ent.

O
ther problem

s include a general lack of
applied,

cross-disciplinary,
and ecosystem

-
level research,w

hich w
ould provide a better

basis for developing m
ore integrated and

sustainable grassland m
anagem

ent system
s.

A
 

disproportionate 
am

ount 
of 

grassland
research is oriented to livestock and w

ays to
m

axim
ize productivity from

 intensive live-
stock production,rather than understanding
how

 livestock fit into the w
ider ecological

system
 and how

 to optim
ize production in an

environm
entally and socially sustainable w

ay.
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In any event,agricultural research in general
suffers from

 fiscal constraints,
and public

allocations are inadequate.R
eal expenditures

for research declined at an annual rate of 
4 percent during the 1990s,and real research
funds 

per 
scientist 

declined 
by 

25-30 
percent

10(N
yberg and R

ozelle 1999).

F
O

R
E

S
T

S

Prior to the logging ban applied by the gov-
ernm

ent in 1998 (see below
),C

hina’s forests
provided about 40 percent of the country’s
rural energy,alm

ost all the panels and lum
ber

for the construction sector,and raw
 m

aterial
for the pulp and paper industry.C

hina w
as

the third largest consum
er of tim

ber in the

Box 2.1 N
on-equilibrium

 M
odels and their Relevance to Chinese Pastoral System

s

In regions w
here clim

actic variability is high and
ecosystem

 functions are dynam
ic,recentecological

research suggests thatm
any arid grassland ecosys-

tem
s function as “non-equilibrial”system

s.In such
areas,plant

grow
th and grassland productivity are

functions of clim
ate m

ore than livestock stocking
rates,and the effects of livestock on the grasslands
are m

ore sporadic than continuous.Periodic but
sharp reduction of forage supplies due to drought
increases 

anim
al 

m
ortality,

so 
that

livestock 
num

bers rarely reach a point
w

here they w
ould 

consum
e m

ore forage than can be produced.
Thus,livestock in non-equilibrium

 system
s do not

threaten their overall forage supplies,since ecologi-
cal carrying capacity is never reached.G

rassland
dynam

ics are largely controlled by droughts,the
balance betw

een livestock and forage resources is
never stable,and the pastoral system

 operates far
from

 equilibrium
 m

ostof the tim
e.

This situation prevails across m
uch of the pastoral

area of northern China,w
hich is characterized by

both variable precipitation and cold w
inters.Even in

the m
ore hum

id areas of eastern Inner M
ongolia,

the m
ountainous areas of northern Xinjiang,and

the eastern part
of the Tibetan Plateau,periodic

heavy snow
falls can decim

ate livestock herds 

and add to the com
plexity and non-equilibrial

nature of the pastoral system
.

Snow
storm

s,
like

droughts,function to regulate livestock num
bers

and preventa buildup of livestock num
bers to levels

w
here overgrazing takes place.Itappears thatlive-

stock population grow
th in m

uch of Inner Asia has
been continually checked by clim

actic factors,
rather than by increasing pressure of livestock 
num

bers on the grasslands.

Spatial variability of forage production and nutritive
values is also typical of m

any of the grasslands in
northern and w

estern China,w
hich underlies the

livestock m
ovem

ent
patterns used by nom

ads.In
such a situation,there is an advantage in having
flexible access to land,

so that
herds could be

m
oved to areas w

ith the bestvegetation.

These findings change notonly how
 w

e understand
grassland 

ecosystem
 

dynam
ics,

but
hum

an 
m

anagem
ent

of livestock in pastoral system
s as

w
ell.Policies that

rest
on assum

ptions of clim
ate 

stability,
and therefore ignore key m

anagem
ent

requirem
ents of non-equilibrial system

s,m
ay be 

m
isconceived.The governm

ent
needs to diversify

its policies and approaches to achieve a better 
alignm

ent
w

ith the ecological characteristics of 
differentgrassland system

s.
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w
orld,

and w
as already facing a w

idening
im

balance betw
een supply and dem

and for
w

ood products.

G
overnm

ent officials,
though aw

are of the
problem

s in the sector,w
ere hesitant to m

ake
fundam

ental changes,largely because of the
potential social consequences.T

his situation
changed follow

ing the devastating floods in
the m

iddle reaches of the Yangtze R
iver and

in northeast C
hina during the sum

m
er of

1998,
w

hich 
m

any 
local 

environm
ental

experts said w
ere caused at least in part by

deforestation in the catchm
ents of the rivers

in these areas.T
he governm

ent took a num
-

ber of decisive actions.
T

he State C
ouncil

im
posed a ban on logging in natural forests;

prohibited the opening of new
 lands at the

expense 
of 

forests;
froze 

all 
construction

projects 
on 

forestland 
for 

one 
year;

and
introduced 

a 
new

 
requirem

ent 
for 

direct 
cabinet approval for any occupation of forest

land.
In addition,

it launched a m
ajor new

investm
ent 

program
 

(N
atural 

Forest
Protection 

Program
—

N
F

P
P

) 
to 

im
prove

natural forest m
anagem

ent,covering approx-
im

ately 95 m
illion hectares of state-ow

ned
forests in 17 provinces,

and enacted a new
land-use law

 to prom
ote m

ore efficient use of
land and increased afforestation.

N
otw

ithstanding the problem
s in the industry

that led to the governm
ent’s radical action,

the state of C
hina’s forests has been im

prov-
ing,

at least since the m
id-1980s.

In other
respects,how

ever,particularly in term
s of the

state 
of 

natural 
forests 

and 
all 

the 
non-w

ood 
services 

they 
provide 

such 
as 

biodiversity and non-tim
ber forest products,

the situation has been in a m
ore or less 

continuous state of decline for decades.

C
urrent status of forest resources.

A
bout

27 percent (257 m
illion hectares) of C

hina’s
land 

area 
is 

designated 
as 

“forestland,”

Table 2.5
Trends in ForestResources,1934-93

Year a
Forested Area

ForestCover b
Tim

ber 
Forest

N
on-tim

ber
Bam

boo
M

 H
a

(percent)
Area

Volum
e

Area
Area

(M
 H

a)
(B m

3) 
(M

 H
a)

(M
 H

a)

1934
86.3

9.0
—

—
—

—

1962
85.5

8.9
77.7

6.5
5.8

2.0

1976
121.9

12.7
98.0

7.7
8.5

3.1

1981
115.3

12.0
80.6

6.9
11.3

3.3

1988
124.6

13.0
80.1

6.2
17.3

3.7

1993
133.7

13.9
84.9

6.7
16.1

3.9

N
otes:

a O
ther than for 1934 and 1962,the years representthe end of three-year forestcensus periods.

b Forested area as a percentof national land area.
M

 H
a = m

illion hectares,B m
3= Billion cubic m

eters

Source:Pei and Xu (2000)
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although only about 50 percent of that land
is actually forested (133.7 m

illion ha.—
see

T
able 2.5). 11T

he forested part of forestland 
is 

referred 
to 

as 
Forested T

im
ber 

L
and;

about 80 percent of it is classified as “tim
ber 

forest.”
12A

n additional 15 percent is protec-
tion forest,

including prim
arily shelterbelts

to reduce w
ind erosion and for w

atershed
protection;

4 percent is for fuelw
ood;

and 
the rem

aining 3 percent is for special uses,
including national parks and nature reserves.

T
he age structure of the tim

ber forest is
unbalanced 

in 
term

s 
of 

both 
area 

and 
volum

e.In term
s of forest area,there is a pre-

ponderance of young and m
iddle-aged trees,

w
hich is substantially a reflection of the

m
ajor reforestation efforts of the 1980s and

1990s,and a significant deficiency in near-
m

ature 
and 

m
ature 

forests,
w

hich 
are 

predom
inantly natural forests.T

his is a result
of extensive clearing of natural forests,w

hich
continued until the 1998 logging ban.

T
he total volum

e of tim
ber contained w

ithin
the nation’s tim

ber forests is estim
ated to be

about 6.7 B
illion cubic m

eters (m
3),w

hich
accounts for about 68 percent of total stand-
ing volum

e.O
f this,about 3.7 B

illion m
3

is
of m

ature age and potentially suitable for
harvesting,but approxim

ately 1.5 B
illion m

3

is either inaccessible,
over-m

ature,
or of

insufficient quality to justify harvesting,or is
located in catchm

ent areas w
here it w

ould be
no longer environm

entally acceptable to har-
vest.T

his reduces the potential harvestable
resource to about 2.2 B

illion m
3.A

t the rate

of extraction that applied until the logging
ban of 1998 (around 300 m

illion m
3/year),

the 
resource 

had 
less 

than 
10 

years 
of

rem
aining life.

T
rends in Forest A

rea and Structure.Forest
cover and volum

e in C
hina have progressively

increased over the last 70 years although,as
show

n in T
able 2.5,

there w
ere reversals in

the late 1970s in term
s of both volum

e and
area.A

s of the last published national forest
census conducted during the 1988-93 period,
the total forested area w

as nearly double the
estim

ated level of 1934.B
etw

een the censuses
of 1977-81 and 1988-93,total forested area
increased by about 16 percent.M

ost of this
(13 m

illion hectares) w
as in tim

ber forest,
w

hile the residual (4.8 m
illion hectares) w

as
in non-tim

ber forest,such as nature reserves
and shelterbelts.

C
hina’s achievem

ent in term
s of forest cover

has been quite rem
arkable,and possibly even

unprecedented in a country that is still at a
relatively early and rapidly grow

ing stage of
econom

ic developm
ent and also has to deal

w
ith very heavy population pressure.

A
s show

n in T
able 2.6,significant reductions

in the area of forested land occurred betw
een

1973-76 and 1977-81,
w

ith the northeast
region 

being 
particularly 

notable.
T

he
declines during this period w

ere due to a
com

bination of over-logging,predom
inantly

by 
state-ow

ned 
forest 

enterprises;
forest 

conversion 
for 

agricultural 
developm

ent;
and illegal logging.

B
etw

een the 2nd and 
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4th censuses,
there w

ere increases in the 
area of forested land in all regions,notably 
in 

the 
E

ast 
(31 

percent) 
and 

Southw
est 

(25 percent).

T
here w

as a different trend in the area of
tim

ber forest over the four census periods.
T

he 
aggregate 

area 
actually 

declined 
by 

13 percent betw
een the 1st and 4th C

ensuses
(T

able 2.7),
and possibly by as m

uch as 
23 percent,

depending on the anom
alous

data for the northern region betw
een the 1st

and 2nd C
ensuses. 13T

hereafter,and w
ith the

exception 
of 

the 
tim

ber 
forests 

in 
the

N
orthw

est region,the area of tim
ber forest

in all other regions consistently increased
betw

een the 2nd and 4th census periods.

A
 substantial part of the increase in tim

ber
forests w

as due to the governm
ent’s m

ajor
investm

ents 
in 

plantation 
establishm

ent
through both “afforestation”

and “reforesta-
tion.”A

s of the last forest census,plantations
accounted for an area of about 42 m

illion
hectares,or 37 percent of the tim

ber forest
area.D

ata cited in R
ozelle et al.(1999) sug-

gest that betw
een 1986 and 1993 the total

area of land reforested after logging or other
activities w

as nearly 4 m
illion hectares,w

hile
the total area of land reforested since records
w

ere kept is about 7 m
illion hectares.T

he
authors speculate that m

uch—
perhaps all—

of this reforestation replaced logged natural
forest,and significantly dim

inished the bio-
diversity value of the national forest estate.

Table 2.6
Change in ForestArea by Forestry Region,1976-93

ForestRegion
1

stCensus
2

ndCensus
3

rdCensus
4

thCensus
(1973-76)

(1977-81)
(1984-88)

(1988-93)
(M

 H
a)

(M
 H

a)
(M

 H
a)

(M
 H

a)

N
orth

a
3.7

16.4
17.1

18.2

N
ortheast

36.9
25.0

25.8
26.4

East
19.4

16.4
19.3

21.6

South Central
25.7

23.2
23.1

26.3

Southw
est

25.9
24.6

25.5
30.7

N
orthw

est
8.2

7.6
8.6

8.6

Total
121.9

115.3
124.7

133.7

N
otes:

a Forestregions are differentthan regions defined for other statistical purposes and used elsew
here in this report.

North China includes Beijing,Tianjin,H
ebei,Shanxi,Inner M

ongolia.
NortheastChina includes Liaoning,Jilin and H

eilongjiang.
EastChina includes Shanghai,Jiangsu,Zhejiang,Anhui,Fujian,Jiangxi and Shandong.
South Central China includes H

enan,H
ubei,H

unan,G
uangdong,H

ainan,and G
uangxi.

SouthwestChina includes Sichuan,G
uizhou,Yunnan and Tibet.

NorthwestChina includes Shaanxi,G
ansu,Q

inghai,N
ingxia and Xinjiang.

Source:Pei and Xu (2000)

ForestRegion
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T
here is little doubt that the quality of tim

-
ber forests in term

s of both stocking rates
and age class structure,both of w

hich can be
used as proxies of biodiversity value,has been
progressively declining.T

he volum
etric stock

of young trees increased relative to the total
stock over the four census periods,w

hile the
stock 

of 
m

ature 
and 

over-m
ature 

trees
declined in both volum

e,
by about 40 per-

cent,
and relative im

portance,
from

 about 
80 percent of standing stock in 1973-76 to
55 percent in 1998-93.

O
f 

m
ore 

im
portance 

from
 

a 
biodiversity

point of view
,the overall area of m

ature for-
est declined by m

ore than 7 m
illion hectares,

or 35 percent during the period betw
een the

2nd and 3rd censuses.

In sum
m

ary,the last 30 years saw
 an initial

decline during the 1970s in all m
easures of

the forest resource:
area,

volum
e,

stocking
rates,and age structure.Subsequently,som

e

of these trends w
ere reversed due,

in large
part if not totally,to m

ajor program
s of refor-

estation,afforestation,and shelterbelt estab-
lishm

ent underw
ritten by the governm

ent.
A

s a result,the area of forested land started
to increase,

as did the volum
e of w

ood on
forested land.H

ow
ever,the state of natural

forests in term
s of volum

e,stocking rate,and
age 

structure 
continued 

to 
decline 

right
through to the m

id-1990s,and these trends
w

ere particularly noticeable in m
ature and

over-m
ature natural forests,

w
hich are of

m
ost value from

 a biodiversity point of view
.

M
anagem

ent problem
s have been w

orst in
the state-m

anaged sector of the industry (see
B

ox 2.2).
C

ollectively m
anaged forests,

on
the w

hole,have been m
anaged m

uch better. 14

Table 2.7
Change in Tim

ber ForestArea by Forestry Region,1976-93

ForestRegion
1

stCensus
2

ndCensus
3

rdCensus
4

thCensus
(1973-76)

(1977-81)
(1984-88)

(1988-93)
(M

 H
a)

(M
 H

a)
(M

 H
a)

(M
 H

a)

N
orth

a
2.7

13.6
13.4

13.6

N
ortheast

32.7
21.1

21.6
22.1

East
13.8

10.9
11.4

12.8

South Central
20.5

15.1
14.0

16.0

Southw
est

20.7
15.8

15.8
16.7

N
orthw

est
5.7

4.2
3.9

3.7

Total
98.0

80.6
80.1

84.9

Source:Pei and Xu (2000)

ForestRegion

1
0
1
1
4
7
7
 
W
B
 
1
6
-
4
5
 
 
0
7
/
2
8
/
2
0
0
1
 
 
1
1
:
0
7
 
A
M
 
 
P
a
g
e
 
3
0



2
Land Resources

31

B
IO

D
IV

E
R

S
IT

Y
P

R
O

T
E

C
T

IO
N

C
hina has one of the greatest ranges of eco-

logical diversity of any country in the w
orld,

and probably contains around 10 percent of
all species living on earth.It has an especially
high num

ber of plant species (about 30,000),
including 3,116 genera,

of w
hich 243 are

endem
ic.

V
ertebrate diversity is also high

w
ith 2,340 species,including 499 species of

m
am

m
als,1,244 species of birds,387 species

of reptiles,
and 274 species of am

phibians.

C
hina is also one of the eight original centers

of crop diversity in the w
orld.It is the origi-

nal 
source 

of 
approxim

ately 
200 

of 
the

w
orld’s 1,200 species of cultivated crops.

It
contains nearly 600 varieties of dom

esticated
anim

als and poultry.

A
 w

ide variety of dom
estic plant and anim

al
species are harvested and used for econom

ic
purposes.

T
he 

M
O

A
 

estim
ates 

there 
are

m
ore than 3,000 species of w

ild “econom
ic”

plants,including 1,000 species of m
edicinal

Box 2.2
M

anagem
ent

Regim
es in China’s Forests

The state-m
anaged part

of the forest
sector only

covers about20 percentof the forestresource area,
but

this area contains m
ost

of the highest
quality

tim
ber forestresources.The sector com

prises about
4,000 forestfarm

s,w
hich undertake virtually all for-

est
production activities in their geographical

region.They report
to the local Forestry Bureau,

w
hich is the low

est
level of the State Forestry

Adm
inistration’s hierarchy.The center of state forest

m
anagem

ent
is in the northeast

region,w
here the

state-ow
ned sector controls about90 percentof the

forestarea in the Provinces of H
eilongjiang,Jilin,and

Inner M
ongolia,and produces about

half of total
tim

ber production from
 China’s state-ow

ned sector.

The factors contributing to poor m
anagem

ent
of

forests controlled by the state-ow
ned sector are

sim
ilar to those thathave characterized m

any other
sectors of the centrally planned econom

y:
(a) a

focus on “production”atthe expense of sustainabil-
ity;(b) prices are controlled atlevels thatbear little
or no relation to the scarcity value or opportunity
cost

of the resource,or of the costs of sustainably
m

anaging it;(c) the financial burden required to

m
eet

the social needs of both existing and retired
em

ployees,
including housing,

education,
health

and other form
s of w

elfare;(d) lack of incentives,
and som

etim
es perverse incentives,

for forest
m

anagers and staff;and (e) an absence of,or only
lim

ited separation betw
een,the regulatory func-

tions of the State Forestry Bureaus and operational
functions of the forestenterprises.

In collectively m
anaged

forests,the forest
resource

is ow
ned by local com

m
unities and m

anaged by vil-
lage leaders,although they are accountable to offi-
cials in local Forestry Bureaus in certain w

ays.In the
m

id-1980s,collectives m
anaged nearly 90 percent

of the forestry area in the southern provinces of
China and produced nearly 75 percent

of the value
of forestry outputin these areas (Rozelle etal.1999).
Although there has been considerable speculation
that,in the early stages of the developm

ent
of the

collectively m
anaged system

,
there w

as a lot
of indiscrim

inate harvesting of trees,
the data 

show
 thatover the longer term

,the collectives have 
m

anaged their resources m
uch better than the

state-ow
ned sector.
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plants,
300 

species 
of 

tim
ber 

trees,
and 

500 plants w
ith insecticidal properties.T

here
are also 330 species of “econom

ic”
birds,

190 econom
ic m

am
m

als,
and 60 species of

econom
ic fish.

N
otw

ithstanding 
the 

richness 
of 

these
resources,alm

ost all of C
hina’s biodiversity is

under stress,and m
any species are seriously

threatened.It is estim
ated that 15-20 percent

of the species in C
hina are now

 endangered.
T

his significantly exceeds the global average,
in w

hich 10-15 percent of species are consid-
ered threatened.

O
f the 640 species listed 

in C
IT

E
S, 15

156—
nearly 25 percent—

are
found in C

hina.

B
iodiversity conservation problem

s in C
hina

arise from
 a com

bination of historic and
m

odern factors.T
here has been a long and

gradual historical progress of conversion of
natural ecosystem

s for agricultural and other
purposes.

In the post-revolutionary period,
and particularly since the 1970s,the process
accelerated 

and 
w

as 
augm

ented 
by 

other
m

ajor developm
ents that have been deleteri-

ous to biodiversity conservation,
including

creation of a large-scale forestry industry;
im

plem
entation of a vast program

 of w
ater

resources developm
ent,

w
hich has severely

im
pacted aquatic habitat values;

and devel-
opm

ent of a m
assive and heavily polluting

industrial sector.

C
hanging national developm

ent policy from
a “rush for grow

th”
to sustainable develop-

m
ent w

ill no doubt help the cause of biodi-

versity 
conservation.

M
ore 

fundam
entally,

there is a need to establish a strong,com
pre-

hensive,w
ell-funded,com

petently m
anaged

netw
ork of nature reserves and other desig-

nated conservation areas across the country.
T

here are other strategies that can be adopted
to assist the cause of biodiversity protection,
but w

ithout the solid foundation provided by
a com

prehensive netw
ork of reserves,

they
are unlikely to have any lasting effect.

C
hina’s 

first 
national 

nature 
reserve

(D
inghushan 

in 
G

uangdong 
P

rovince) 
w

as created in 1956.
Since that tim

e,
and

particularly during the 1980s and 1990s,the
num

ber and area of nature reserves have
increased 

rapidly 
(see 

F
igure 

2.5).
Institutions 

such 
as 

the 
State 

Forestry
A

dm
inistration and SE

PA
 view

ed this effort
as a race against tim

e.A
s of 1999,the total

area of nature reserves accounted for nearly 
9 percent of C

hina’s territory.

1956
1965

1978
1982

1985
1987

1989
1990

1991
1993

1995
1997

1999

Figure 2.5  Area of N
ature Reserves, 1989-99

Cum
ulative Area

Million Hectares

0 20 40 60 80

100

1
0
1
1
4
7
7
 
W
B
 
1
6
-
4
5
 
 
0
7
/
2
8
/
2
0
0
1
 
 
1
1
:
0
7
 
A
M
 
 
P
a
g
e
 
3
2



2
Land Resources

33

N
otw

ithstanding 
the 

rapid 
grow

th 
in

reserves,
the representation of key ecosys-

tem
s is quite variable,w

ith som
e im

portant
ecosystem

s—
including 

grasslands,
inland

w
etlands,

and m
arine and coastal areas—

underrepresented.

R
esponsibility for nature reserve m

anage-
m

ent in C
hina is disbursed.

Prior to 1993,
there w

ere only four institutions engaged in
the 

m
anagem

ent 
of 

nature 
reserves:

the
M

inistry of Forestry (now
 the State Forestry

A
dm

inistration),
N

ational 
E

nvironm
ental

P
rotection 

A
gency 

(now
 

SE
PA

),
State

O
ceanographic 

A
dm

inistration 
(now

 
the

State 
M

arine 
A

dm
inistration),

and 
the

C
hinese 

A
cadem

y 
of 

Sciences.
B

y 
1997,

this num
ber had expanded to m

ore than
seven,although the dom

inant agencies con-
tinue to be the State Forestry A

dm
inistration

and SE
PA

. 16

A
lthough the rate of creation of new

 reserves
has been im

pressive,particularly over the last
20 years,the provision of staff and financing

to m
anage and protect them

 has not kept
pace.B

y 1997,the last year for w
hich data

are available,
only 67 percent of all nature

reserves actually had staff and budgets for
their m

anagem
ent and protection (see T

able
2.8).

T
he rem

aining third are,
in essence,

“paper parks.”T
hese parks often do not even

have boundary m
arkers to indicate their lim

-
its,

let alone staff to m
anage and protect

them
 (H

arkness 1999).

Part of the problem
 is due to the fact that

only a m
inority—

13 percent in 1997—
of all

nature reserves are financed by national-level
institutions,w

hich have better and m
ore reli-

able access to financial resources. 17T
he rest

are the responsibility of provinces,
m

unici-
palities,

and counties. 18
A

s show
n in T

able
2.8,

alm
ost 

all 
m

easures 
of 

m
anagem

ent
effectiveness decline progressively through
these levels of the governm

ent structure.

T
he crisis in governm

ent financing is also
having its adverse effects on nature reserve
m

anagem
ent.B

udgetary problem
s are forcing

Table 2.8
N

ature Reserve Staffing Levels,1997

M
anagem

entLevel
Status of Reserves

All Staff
Professional staff

Percent
Average/

Average/
N

o.
W

ith Staff
N

o.
Reserve a

N
o.

Reserve a

State
124

93
6,889

60
1,713

15

Province
392

73
7,718

27
1,196

4

M
unicipality

84
63

690
13

186
3

County
326

50
1,718

10
451

3

Total
926

67
17,015

27
3,536

6

N
ote: aAverage num

ber per reserve thatactually has staff.

Source:SEPA (1998a)
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provincial and low
er levels of governm

ent 
to 

seek 
supplem

entary 
sources 

of 
funds

w
herever they can.

O
ne w

ay this is being
done 

is 
through 

prom
otion 

of 
resource

developm
ent w

ithin nature reserves to m
ake

them
 financially self-sufficient.

T
he State

Forestry 
A

dm
inistration 

actually 
provides

concessionary 
loans 

for 
certain 

types 
of

developm
ent projects inside nature reserves

(H
arkness 1999),and even SE

PA
 identifies

“protection and developm
ent”

as one of four
different types or stages of nature reserve
developm

ent 
in 

its 
developm

ent 
plans.

A
lthough 

these 
policies 

include 
caveats 

stipulating that com
m

ercial activities should
be subordinate to protection activities,there
are no clear guidelines as to w

hat is and is not
perm

issible.
L

ittle assistance is provided to
local reserve m

anagers as to w
hat resources

can be developed,and to w
hat degree w

ithout
com

prom
ising the purposes for w

hich the
reserve w

as established in the first place
(H

arkness 1999).

T
here are num

erous other serious problem
s.

T
here is a significant m

ism
atch betw

een the
funds reliably available for reserve m

anage-
m

ent and the num
ber of reserves that gov-

ernm
ent 

agencies 
are 

trying 
to 

m
anage.

A
lthough it is obvious that m

ore staff and
financial resources are needed to adequately
m

anage the country’s reserves,there also m
ay

be significant opportunities to rationalize the
w

hole 
reserve 

system
.

M
any 

reserves 
are

either too sm
all to serve the functions for

w
hich they w

ere intended,too dam
aged to

serve any practical purpose,or not located in
biologically 

significant 
areas.

O
bviously,

there w
ould also be a benefit in revising the

system
 

for 
providing 

central 
governm

ent
financial support to low

er levels,
so as to

rem
ove the incentive to frivolously create

nature reserves.

Conclusions and
Recom

m
endations

P
O

L
IC

Y
F

R
A

M
E

W
O

R
K

A
N

D

C
O

N
T

R
O

L
S

T
R

A
T

E
G

IE
S

For m
ore than a decade,the governm

ent has
know

n that C
hina’s natural resources are

deteriorating,
and has devoted considerable

financial and other resources to reverse the
trends.In general,and w

ith a few
 exceptions,

these efforts have not been successful.T
here

are certain consistent features of the policy
fram

ew
ork that suggest w

hy this has hap-
pened.T

he governm
ent’s overriding devel-

opm
ent strategy has em

phasized grow
th at

alm
ost any cost,w

ith insufficient attention to
prom

oting efficiency and environm
ental sus-

tainability.If the country w
ishes to protect its

basic natural resources,
it needs to increase

the priority given to environm
ental protec-

tion and m
anagem

ent.

T
here 

are 
m

ajor 
contradictions 

betw
een 

different 
sectoral 

developm
ent 

policies,
w

hich 
adversely 

affect 
sustainable 

natural
resources m

anagem
ent.
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T
he 

m
ajor 

natural 
resource 

m
anagem

ent
agencies—

particularly 
the 

M
inistry 

of
A

griculture,
State Forestry A

dm
inistration,

and M
inistry of W

ater R
esources—

have not
had sustainable developm

ent at the core of
their developm

ent objectives.T
hey need to re-

orient their “m
ission statem

ents”to em
phasize

sustainable
m

anagem
ent and developm

ent of
natural resources,w

ith due consideration to all
beneficial usesprovided by those resources.

T
he m

ajor agencies of governm
ent concerned

w
ith natural resources m

anagem
ent need to

im
prove cooperation and data sharing and

harm
onize their policies as they relate to sus-

tainable natural resources m
anagem

ent.

C
hanging the national policy fram

ew
ork and

the 
broad 

developm
ent 

m
andates 

of 
the

m
ain natural resources m

anagem
ent m

in-
istries is not som

ething that can be done or
even orchestrated by SE

PA
.

It needs to be
done by the State C

ouncil,
w

hich should
convene a leading group or panel of em

inent
experts to (a) review

 the law
s and regulations

of each of the m
ajor resource m

anagem
ent

institutions,one by one,to assess the degree
to w

hich their contents conflict w
ith the sus-

tainable developm
ent objective;and (b) spec-

ify the am
endm

ents,
m

odifications,
and/or

additional law
s/regulations that should be

developed to better align the m
andate of

each agency w
ith the sustainable develop-

m
ent objective.M

echanism
s for prom

oting
cooperation betw

een relevant m
inistries on

environm
entally 

sustainable 
developm

ent
also need to be strengthened.

E
R

O
S

IO
N

/S
A

L
IN

IZ
A

T
IO

N
C

O
N

T
R

O
L

In the area of erosion and salinization con-
trol,only efforts to control salinization have
succeeded on a large scale.W

ith both w
ater

and w
ind erosion control,

there have been
localized 

successes,
including 

the 
L

oess
P

lateau w
ith w

ater erosion control and parts
of Inner M

ongolia w
ith w

ind erosion con-
trol,but there is no clear evidence that the
problem

 is being reversed across the board.
G

iven this experience,there are certain poli-
cies that seem

 essential if these successes are
to be replicated in other areas and on other
land degradation problem

s.

It is already clear that investm
ent is neces-

sary,but not sufficient,to solve the problem
.

In m
ost cases,

a m
uch broader and m

ore
integrated approach w

ill be required that,in
consultation w

ith the affected com
m

unities
them

selves,
begins w

ith developing a clear
understanding of the underlying causes of
land degradation in particular areas.T

his w
ill

lead to the developm
ent of an integrated

package of interventions directed at the cause
of the problem

 rather than its effects.In m
any

cases,
investm

ents 
m

ay 
not 

be 
prim

arily
focused on traditional technical solutions,
but on other dim

ensions of the problem
,

such as im
proved roads to im

prove access to
m

arkets;
im

proved 
education;

im
proved

access to production credits;applied research
to adapt successful techniques from

 other
areas to local conditions;im

proved extension
services;or im

proved access to birth control.
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T
here 

is 
a 

strong 
connection 

in 
C

hina
betw

een the incidence of land degradation
and the incidence of rural poverty. 19

It is
likely that intervention on behalf of the rural
poor 

w
ill 

have 
a 

m
ore 

profound 
im

pact 
on both poverty reduction and land degra-
dation than interventions focused on land
degradation alone.

In this context,it is interesting to note that
the governm

ent,through the L
eading G

roup
on Poverty R

eduction (L
G

P
R

) under the
State C

ouncil,
is already im

plem
enting an

integrated poverty reduction program
 w

ith
m

any 
of 

the 
essential 

ingredients 
for 

a 
concerted and sim

ultaneous attack on both
poverty and land degradation.

W
ith m

ore
active participation by the leading resource
m

anagem
ent agencies,

its land degradation
benefits could be enhanced considerably.K

ey
com

ponents 
could 

be 
strengthened 

to
enhance 

environm
ental/sustainable 

land
m

anagem
ent objectives.For exam

ple:

■
Targeting

needs to be im
proved to ensure

that investm
ents are benefiting the poor 

and not just the people w
ho happen to live

in poor counties.T
he basis for targeting

should be an adm
inistrative level low

er
than the county,such as the tow

nship,since
under current arrangem

ents 20 percent of
the poorest counties are not included in
the program

.

■
Investm

ents
in 

education
and

health
offer the m

ost direct m
eans to enhance

labor productivity,
as w

ell as increase the
potential 

for 
successful 

m
igration 

of
younger m

em
bers of poor com

m
unities.

■
Investm

ents in roads,
telecom

m
unications,

and other infrastructure can increase access
to and integration w

ith outside m
arkets,

reduce 
the 

cost 
of 

inputs,
and 

perm
it

greater capitalization of local com
parative

advantages such as labor.

■
Investm

ents 
in 

relevant applied research 
can produce high returns,

but research
funding has been declining for m

any years.
In any event,

research into the problem
s

being faced by poor farm
ers is not popular,

w
ith the result that very few

 new
 tech-

nologies have been developed for resource-
poor areas.

■
Im

provem
ents in land quality can provide

m
easurable 

benefits 
to 

production 
and

incom
e,provided they im

prove returns to
labor.

W
orld 

B
ank 

experience 
suggests

that,w
here such im

provem
ents are techni-

cally 
and 

financially 
sound,

adequately
financed and supervised,

and relevant to
the needs of affected farm

ers,there can be
m

ajor benefits.O
n the other hand,poorly

financed 
and 

im
plem

ented 
projects

im
posed 

on 
farm

ers 
by 

w
ell-m

eaning 
officials w

ithout adequate consideration of
local conditions generally fail.
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W
ith the exception of land im

provem
ent,

none of the above directly address land degra-
dation.

H
ow

ever,
these priority investm

ents
w

ill address the underlying factors that tend
to constrain the ability of poor farm

ers to
im

prove their circum
stances and,in the end,

the rem
oval of these constraints w

ill progres-
sively reduce their tendency to degrade the
natural resources on w

hich they depend.

P
R

O
T

E
C

T
IO

N
O

F
C

U
L

T
IV

A
T

E
D

L
A

N
D

A
 rough balance is being m

aintained betw
een

the loss of cultivated land due to conversion
for infrastructure and urban developm

ent,
and the creation of replacem

ent land through
reclam

ation and drainage.T
his balance w

ill
be increasingly difficult to sustain in the
future.A

 num
ber of actions should be taken

to both reduce losses of high quality land and
reduce the adverse im

pacts of land reclam
a-

tion and drainage.Strategies include:

■
Im

prove land developm
ent practices in urban

areas.
M

unicipal governm
ents should be

encouraged to (a) place m
ore em

phasis on
protection of high quality agricultural land
in developm

ent of urban plans;
(b) apply

tim
e lim

its to approvals for com
m

ercial
and industrial developm

ents (approvals to be
revoked if construction is not com

m
enced

and com
pleted w

ithin specified tim
e peri-

ods);
and (c) review

 (reduce) open-space
provisions

for industrial and com
m

ercial
developm

ents 
in 

m
unicipalities 

or 
areas

w
here soils are particularly productive.

■
Im

prove planning and design of
infrastruc-

ture developm
ent.L

inear developm
ents like

highw
ays 

and 
railw

ays 
have 

particular
potential to both directly and indirectly
affect agriculture.

P
lanners appear to pay

insufficient regard to m
inim

izing adverse
effects 

by 
selecting 

routes 
that,

to 
the

extent possible,
m

inim
ize intrusion onto

the highest quality agricultural land,thus
m

inim
izing 

potential 
adverse 

effects.
T

hese issues should be addressed in envi-
ronm

ental assessm
ents (E

A
s),but are fre-

quently overlooked.E
A

s need to pay m
ore

attention 
to 

alternative 
developm

ent
options,particularly alternative routes,and
strategies to m

inim
ize indirect im

pacts on
cultivated land.

T
he absolute losses of cultivated land area are

being 
offset 

to 
a 

substantial 
degree 

by
increases in land reclam

ation and drainage.
M

uch reclam
ation has com

e at considerable
environm

ental 
cost,

w
hich 

w
ill 

becom
e

increasingly unacceptable in the future and
m

ake the cultivated land balance m
ore diffi-

cult to m
aintain.R

eclaim
ed land is inherently

less productive than the land it is replacing;is
m

ainly created in areas subject to greater
w

ater shortages and w
ater use conflicts;

is
located m

uch further from
 the m

ain m
arkets

than the land it replaces;and,as the best sites
are reclaim

ed,unit costs w
ill probably rise in

real term
s.T

he environm
ental and econom

ic
costs of m

aintaining the cultivated land bal-
ance w

ill increase in the future.Steps need to
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be taken to rationalize the reclam
ation side of

the balance.T
he follow

ing safeguards should
be adopted:

■
L

and reclam
ation and drainage above a 

prescribed size or in particular geographical
areas should be m

ade subject to the envi-
ronm

ental im
pact assessm

ent law
 presently

in preparation.

■
T

he 
governm

ent 
should 

com
m

ission 
a

m
ajor national survey w

ith a view
 to defin-

ing land system
s that should be excluded

from
 land reclam

ation/drainage activities.

■
T

he 
governm

ent 
(particularly 

SE
PA

 
in 

collaboration w
ith M

O
A

) should develop
guidelines and procedures for selection of
land for reclam

ation and/or drainage w
ith a

view
 to m

inim
izing reclam

ation of environ-
m

entally sensitive land or land not other-
w

ise w
ell-suited for reclam

ation/drainage.

G
R

A
S

S
L

A
N

D
S

M
A

N
A

G
E

M
E

N
T

T
he governm

ent is facing m
ajor difficulties

dealing w
ith the sim

ultaneous problem
s of

im
proving the w

elfare of people living in
pastoral areas and protecting and m

aintaining
the num

erous econom
ic and environm

ental
benefits provided by grassland ecosystem

s.
T

he quantitative data on grassland degrada-
tion suggest that current strategies for dealing
w

ith these contradictions are not w
orking.

T
he governm

ent has attem
pted to deal w

ith
the com

m
on property dim

ensions of the
problem

 through the G
rassland L

aw
 and

adaptation of the H
ousehold R

esponsibility
System

 (H
R

S).Sedentarization and prom
o-

tion of fodder crop production have been
prom

oted as w
ays to sim

ultaneously increase
production,

reduce 
the 

adverse 
effects 

of 
natural 

disasters,
and 

im
prove 

access 
of

herder households to education,health,and
other social services.

T
his m

ix of strategies m
ay not be best suited to

all grassland ecosystem
s,

or even represent 
the optim

um
 m

ethod for achieving desired
objectives in all cases. 19

A
 recurring concern

expressed 
by 

local 
experts 

is 
that 

A
nim

al
H

usbandry B
ureaus and G

rassland M
anage-

m
ent U

nits lack the staff and resources to
effectively carry out their responsibilities under
these policies.

T
his suggests that there is a

“m
isfit”betw

een the m
anagem

ent strategy and
the resources available to im

plem
ent it.If the

resources cannot be m
ade available,alternative,

low
er-cost approaches should be considered.

T
here 

are 
also 

policy 
contradictions 

that
need to be elim

inated.
W

hile the govern-
m

ent w
as applying grassland m

anagem
ent

and 
protection 

strategies 
in 

an 
attem

pt 
to reverse degradation,

it w
as also im

ple-
m

enting policies that prom
oted grassland

reclam
ation for crop production.T

he prob-
lem

 of contradictory policies m
ay w

orsen in
the future if the governm

ent attem
pts to

overdevelop its livestock industries w
ithout

adequately 
considering 

the 
environm

ental
and social consequences.
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B
asic 

research 
needs 

to 
be 

strengthened.
R

esearchers should be m
ore interdisciplinary

in their approach,increase attention paid to
ecosystem

-level 
analysis,

and 
take 

better
account of the social and cultural dim

ensions
of 

grasslands 
m

anagem
ent,

especially 
in

nom
adic 

pastoral 
areas.

E
m

erging 
range

ecology research findings on the dynam
ics of

arid land grazing system
s indicate that “non-

equilibrium
”m

odels for describing rangeland
system

 dynam
ics and “state-and-transition”

m
odels for explaining vegetation succession

are valuable concepts that m
ay provide a

basis for the developm
ent of new

 paradigm
s

for pastoral m
anagem

ent in grassland areas.

In sum
m

ary,
there needs to be a serious 

re-evaluation of the approach being taken to
grasslands m

anagem
ent.

W
hile there is no

doubt that the governm
ent’s diverse efforts

on 
the 

prevention 
of 

particular 
types 

of
degradation are having beneficial effects in
som

e locations,and there are som
e prom

ising
new

 production technologies for som
e loca-

tions,there has been insufficient adaptation
of strategies and policies to suit local environ-
m

ental or social conditions.T
he tendency has

been to apply a “one-size-fits-all”
approach,

w
hich is clearly untenable given the diversity

of grassland system
s and the cultural diversity

of the people w
ho rely on them

.

T
he M

O
A

,as the agency prim
arily respon-

sible for grassland m
anagem

ent and develop-
m

ent,needs to re-orient its policy objectives,
not only in term

s of grasslands m
anagem

ent,
but in m

anagem
ent of rural developm

ent in

general.Its traditional m
ission of m

axim
izing

agricultural output is not relevant to current
circum

stances in C
hina.

T
he need for the

21st C
entury is for ecologically and econom

-
ically sustainable developm

ent of agriculture
and livestock,neither of w

hich is consistent
w

ith output m
axim

ization.In the particular
case of grassland developm

ent and develop-
m

ent of the livestock production system
s

dependent on those grasslands,
the govern-

m
ent and the m

inistry have to resist the
tem

ptation to prom
ote high-input/high-out-

put pastoral production system
s as a universal

concept.
T

he know
ledge base is not there,

and the potential feasibility is questionable.
T

he m
ajority of grasslands in C

hina are not
highly productive,and are unlikely ever to be
highly productive on a long-term

,
ecologi-

cally 
and 

econom
ically 

sustainable 
basis,

although there undoubtedly are areas w
here

there is potential to increase productivity.In
short,the m

inistry needs to be far m
ore dis-

crim
inating in the developm

ent and applica-
tion of policy.Its strategies should be based
on m

uch better consideration of ecological
constraints,

the interests and aspirations of
the pastoralists them

selves,
and alternative

m
ethods of m

eeting social objectives.

SE
PA

 does not have the staff,the netw
ork of

local offices,or the expertise to directly influ-
ence the problem

s that are being experienced
w

ith grasslands m
anagem

ent.T
hese are m

at-
ters that are ultim

ately the responsibility of
M

O
A

.
H

ow
ever,

there are several im
portant

actions that SE
PA

 can take to raise aw
areness

of the seriousness of the problem
s being faced,
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to tangibly contribute to protection of ecologi-
cally im

portant grassland areas,and to prom
ote

the search for im
proved,environm

entally and
socially 

sustainable 
solutions 

to 
grasslands

m
anagem

ent problem
s.In particular it should:

■
In collaboration w

ith relevant institutes of
the C

hinese A
cadem

y of Sciences,develop
a satellite-based grasslands ecological m

on-
itoring system

 to provide a basis for prepar-
ing authoritative,independent,and accurate
annual 

reports 
to 

the 
N

ational 
Peoples

C
ongress and senior leaders on the state

of 
the 

grasslands 
resource.

T
his 

w
ould 

provide an unbiased source of inform
ation

for national leadership on M
O

A
’s progress.

■
W

iden the scope of the E
nvironm

ental
A

ssessm
ent 

regulations 
to 

cover 
land 

reclam
ation in general and reclam

ation of
grassland areas in particular.

If possible,
and given the seriousness of the problem

,
a regulation should be prepared requiring
that all land reclam

ation activities beyond 
a certain size (such as 1,000 hectares) w

ill
require approval of at least a provincial-
level 

environm
ental 

protection 
bureau.

G
uidelines 

should 
also 

be 
prepared 

to
indicate the circum

stances under w
hich

reclam
ation should not be approved,

and
to define recom

m
ended procedures and

practices for carrying out environm
entally

acceptable reclam
ation.

■
W

ork collaboratively w
ith relevant units 

of 
M

O
A

,
particularly 

the 
G

rasslands
M

anagem
ent 

D
ivision 

of 
the 

L
ivestock

and H
usbandry D

ivision,
and other rele-

vant institutions such as the A
cadem

y of
Social Sciences,

to m
obilize local and/or

foreign funds for pilot-scale developm
ent

and 
application 

of 
alternative 

grassland
m

anagem
ent strategies.T

he w
ork should

focus 
on 

developing 
strategies 

that 
are

m
atched 

to 
particular 

agro-ecological
zones and cultural situations.It should be
based on the new

 concepts of grassland
ecology discussed earlier;

beneficiary par-
ticipation;alternative m

ethods for provid-
ing 

pastoralists 
w

ith 
access 

to 
m

odern
social services;and other benefits of nation-
al developm

ent,w
ithout underm

ining the
cultural system

s they have developed for
sustainably m

anaging their environm
ents.

■
C

om
m

ission 
environm

ental 
econom

ic 
analyses of existing and proposed grassland
m

anagem
ent strategies and range-based 

livestock production system
s to provide a

com
prehensive assessm

ent of the real eco-
nom

ic im
plications of these strategies and

system
s,

including 
environm

ental 
and

social externalities.T
his w

ould provide a
better basis for decisionm

aking.

F
O

R
E

S
T

M
A

N
A

G
E

M
E

N
T

A
N

D
P

R
O

T
E

C
T

IO
N

A
 

process 
of 

forest 
sector 

reform
 

has 
com

m
enced and needs to be continued and

broadened 
to 

cover 
the 

entire 
sector.

In 
the state-m

anaged sector,
the governm

ent
needs to:
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■
Im

pose a “pause”
on logging operations in 

all areas to prevent the situation from
 

deteriorating further (the current ban is 
only partial).

■
Provide interim

 funding in the form
 of a

“social safety net”
to perm

it w
orkers and

enterprises 
in 

the 
industry 

to 
sustain 

them
selves 

w
hile 

reform
 

decisions 
are 

being considered.

■
D

ecide 
on 

a 
course 

of 
com

prehensive
reform

.

■
Im

plem
ent the reform

 gradually,at a pace
that provides adequate tim

e for the sector
to adjust,accepting that transitional costs
w

ill continue to be incurred w
hile reform

 is
taking place.A

 phased approach is partic-
ularly im

portant from
 an environm

ental
point of view

,as rapid reform
 and inade-

quate social safety nets could spark a round
of environm

ental degradation far w
orse

than has been experienced to date. 21

O
ther essential reform

 elem
ents include:

■
T

he State Forestry A
dm

inistration needs
to form

ulate a series of explicit m
anage-

m
ent 

objectives 
for 

the 
national 

forest
estate that em

phasize the long-term
 sus-

tainable 
utilization 

of 
dom

estic 
forest

resources and integrated m
anagem

ent of all
beneficial aspects of the forest resource,
including not only long-term

 sustainable
production 

of 
tim

ber 
and 

non-tim
ber 

forest products,
but also protection and

m
aintenance 

of 
biodiversity 

and 
other

ecosystem
 services.T

hese m
ultiuse objec-

tives should be applied in all forests of the
national forest estate,not only in protection
forests and other specially designated non-
tim

ber forests.

■
A

 clear and explicit distinction betw
een

the 
functions 

of “stew
ardship”

of 
the

national forest estate and exploitation and
use 

of 
the 

national 
forest 

estate 
needs 

to 
be 

established.
T

he 
State 

Forest
A

dm
inistration should concern itself solely

w
ith 

the 
stew

ardship 
function;

that 
is,

ensuring that the forest estate is m
anaged

in w
ays that w

ill achieve the governm
ent’s

overall objectives for the resource and the
sector.

T
o 

the 
extent 

that 
governm

ent
decides 

that 
the 

forest 
estate 

contains
resources that can be exploited in an envi-
ronm

entally and socially acceptable w
ay,it

should issue exploitation rights to account-
able “third parties”;that is,entities separate
from

 but accountable to the State Forestry
A

dm
inistration.

T
hese rights should be

exercised in accordance w
ith rules,regula-

tions,
and 

standards 
prescribed 

by 
the

Forestry 
A

dm
inistration.

A
t 

the 
sam

e
tim

e,
the governm

ent ought not concern
itself w

ith regulating m
atters that have 

no 
bearing 

on 
the 

achievem
ent 

of 
its 

overall objectives. 22

■
In return for providing access to resources
w

ithin the forest estate,
the governm

ent
should 

efficiently 
extract 

resource 
rents

from
 users of the forest estate at levels con-

sistent w
ith its overall short- and long-term
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m
anagem

ent objectives and in w
ays consis-

tent w
ith the needs of forest resource users,

given their financial circum
stances,access to

credit,etc.

O
ther reform

s specific to the collectively
m

anaged sector include:

■
T

he m
ajority of collective forest areas are

being 
“de-collectivized”

follow
ing 

the
m

odel of the rural H
R

S.T
his creates an ele-

m
ent of tenure uncertainty,as village leaders

are 
entitled 

to 
re-allocate 

household
responsibility 

land 
for 

various 
reasons.

Som
e leaders exercise this authority judi-

ciously and infrequently,but others do not
(L

i 1999).T
his m

ay create uncertainty and
act as a disincentive for farm

ers to m
ake

long-term
 forest investm

ents in,for exam
-

ple,
replanting and m

aintenance.
O

n the
question of participation,there are num

er-
ous accounts of farm

ers’opinions on forest
types and species selection being ignored in
the design of large-scale,governm

ent-spon-
sored afforestation program

s.In areas w
here

there w
as adequate participation of farm

ers
in planning,less deforestation has occurred
(Shi and X

u 2000).A
 m

ajor challenge for
the future w

ill be in providing the security
of 

tenure 
for “household 

responsibility”
forests,to ensure that their custodians w

ill
m

ake the long-term
 investm

ents necessary
to 

sustain 
the 

forest 
resource.

A
nother

im
portant objective should be to m

aintain
policy consistency and to develop confi-

dence am
ong farm

ers that,
w

hen policies
affecting forest m

anagem
ent do change,

they w
ill change gradually and predictably. 23

■
H

arvesting operations in collectively m
an-

aged 
forests 

are 
controlled 

by 
quotas

adm
inistered 

by 
the 

State 
Forestry

A
dm

inistration.L
ogging and transport are

also regulated,and tim
ber procurem

ent is
restricted to designated firm

s.
Substantial

and perhaps excessive rents are extracted
throughout the process,w

hich according to
som

e com
m

entators is lim
iting the ability

of farm
ers to profit from

 regular forest
operations.A

s a result,a substantial black
m

arket has developed in som
e areas.It has

been said that the black m
arket is account-

ing for as m
uch as 20 percent of total forest

transactions in collectively m
anaged areas.

T
he governm

ent should extract resource
rents from

 forest users,but it needs to sim
-

plify the w
ay in w

hich it is done and set the
rental value at a level that does not stifle
developm

ent of the sector or prom
ote the

developm
ent of black m

arkets.

B
IO

D
IV

E
R

S
IT

Y
P

R
O

T
E

C
T

IO
N

B
iodiversity protection has to be addressed

on m
any levels,but all efforts w

ill be w
asted

if there is inadequate in situ
protection,espe-

cially in reserves created and m
anaged specif-

ically for that purpose.K
ey deficiencies in the

current approach on nature reserves are (a)
too m

uch em
phasis has been placed on the

num
ber of nature reserves created,

rather
than their quality and utility;(b) the system

 is
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nature reserve m
anagers in C

hina;provide
on-the-job 

training 
for 

m
anagers 

and
technicians from

 low
er level reserves;and

raise m
anagem

ent standards for significant
nature reserves up to international levels.

■
D

evelop 
a 

nature 
reserve 

classification 
system

,
m

odeled 
on 

IU
C

N
’s 

nature
reserve/protected area categories but adapt-
ed to C

hinese circum
stances,

to provide a
basis 

for 
classifying 

all 
existing 

nature
reserves in the country.T

his w
ould provide a

starting point for developm
ent of a rational,

needs-based 
system

 
of 

financing 
nature

reserves at all levels and also assist in ration-
alization of the netw

ork of reserves through-
out the country.

■
D

evelop im
proved funding m

echanism
s

for nature reserve m
anagem

ent.T
he m

ost
secure and effective m

ethod w
ould be (in

addition to establishm
ent and underw

rit-
ing a state-level N

ature R
eserves Service)

to develop a system
 of tied central-govern-

m
ent 

financial 
transfers 

to 
underw

rite
establishm

ent and m
anagem

ent of nature
reserves 

at 
provincial 

and 
low

er 
levels 

of 
governm

ent.
A

 
counterpart 

funding
arrangem

ent also needs to be developed to
ensure that any state transfers are m

atched
by a counterpart contribution.

■
B

ased on the preceding tw
o activities,

the 
num

ber 
of 

institutions 
actively

engaged in nature reserves m
anagem

ent
should be reduced.

seriously underfinanced and understaffed at
all levels;(c) there are too m

any institutions
engaged 

in 
nature 

reserve 
m

anagem
ent,

w
hich is dissipating the lim

ited funds actual-
ly available;

(d) state-level institutions are
insufficiently engaged in the direct,

day-to-
day m

anagem
ent and operation of nature

reserves,to the detrim
ent of the system

 as a
w

hole;and (e) there is no system
 of classify-

ing nature reserves in accordance w
ith their

different 
characteristics 

and 
m

anagem
ent

objectives so as to provide a basis for rational
allocation of budgetary resources.

T
he 

system
 

needs 
to 

be 
reform

ed.
K

ey 
elem

ents of the reform
 process include:

■
E

stablish and adequately finance a state-
level,

state-funded,
and 

state-staffed
N

ature R
eserves Service,

w
hich w

ill be
responsible 

for 
m

anagem
ent,

operation,
and protection of nature reserves in C

hina
that are of international and/or national
significance.It w

ould generally be expect-
ed that these w

ould fall w
ithin IU

C
N

’s
nature reserve categories I –III. 24

B
ecause

of the vested interests inherent in the cur-
rent system

 and the difficulty of reaching
agreem

ent as to w
hich institution should

house the new
 N

ature R
eserves Service,it

m
ay be necessary to establish it as a com

-
pletely new

 institution w
ith no allegiances

to 
any 

existing 
state-level 

institution.
A

m
ong 

other 
things,

this 
institution

w
ould function as a “center of excellence”

for developing strategies to deal w
ith the

innum
erable 

practical 
problem

s 
facing
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N
otes

1.N
ational land area is 960 m

illion hectares,of w
hich culti-

vated land accounts for about 132 m
illion hectares,land 

designated as forest land accounts for 263 m
illion hectares;

and grasslands account for 392 m
illion hectares.

2.A
n international study undertaken during the m

id-1990s
(L

ynden and O
ldem

an 1997) concluded that the total area 
of m

oderate to serious erosion due to all causes w
as about

160 m
illion hectares (17 percent),although it also concluded

that the total area affected by any soil erosion at all(including
“negligible”and “light”) w

as about 466 m
illion hectares 

(48 percent).

3.T
he data on w

hich the discussion is based are derived
from

 a now
-discontinued database m

aintained by the
M

inistry of W
ater R

esources,based on annual ground 
survey assessm

ents undertaken by provincial and county-
level W

ater R
esources B

ureaus.

4.D
esertification has been defined by the U

N
 C

onvention
to C

om
bat D

esertification as “…
land degradation in arid,

sem
i-arid and dry sub-hum

id areas,resulting from
 various 

factors,including clim
actic variations and hum

an activities.”

5.It is now
 w

idely acknow
ledged that data on cultivated

land published by the State Statistical B
ureau (SSB

) in the
G

overnm
ent’s Statistical Yearbook,at least up until 1996,

w
ere inaccurate.A

 better and im
proving database is being

developed by the State L
and A

dm
inistration (SL

A
),using

analysis of rem
ote sensing data and other direct sources 

of inform
ation.T

he analysis in the text is based on an 
analysis of the SL

A
 database undertaken by the International

Institute for A
pplied System

s A
nalysis (H

eilig 1999) as 
part of its project entitled “M

odeling L
and U

se and L
and

C
over C

hanges in E
urope and N

orthern A
sia.”SSB

 did 
not publish cultivated land data betw

een 1997 and 1999,
but it recom

m
enced publishing data in 2000.T

hese data
w

ere based on the 1996 agricultural census and developed
using the SL

A
 approach.

6.T
he proportion of rural populations living below

 the 
governm

ent’s poverty line (1996) in the m
ajor grassland

provinces is as follow
s:X

injiang–27.4 percent;Yunnan–
22.9 percent;G

ansu–22.7 percent;Q
inghai–17.7 percent;

T
ibet–10 percent;Inner M

ongolia–9.3 percent;and
Sichuan–7 percent.A

ll are all w
ell above the national 

average of 6.3 percent.X
injiang is notable for being the 

only province in the country w
here poverty increased 

over the 1988–1996 period;the percentage of poor rural
households in X

injiang increased from
 8.8 percent to 

27.4 percent.(W
orld B

ank at al 2000).

7.T
he grasslands of the Q

inghai-T
ibetan P

lateau are the
headw

aters for m
any of A

sia’s m
ajor rivers,so the condition

of these grasslands has potentially im
portant im

plications 
for m

illions of people dow
nstream

.T
here is also a w

ide-
spread view

 am
ong C

hinese environm
entalists that degrada-

tion of high-elevation grasslands in the Q
inghai-T

ibetan
P

lateau region is adversely affecting flow
s and the incidence

and severity of floods in the Yangtze and Yellow
 R

ivers.

8.T
he state of the grassland areas has im

plications for 
suspended particulate levels in eastern C

hina,particularly 
in B

eijing,w
here the incidence of dust storm

s increased
notably in the late 1980s and early 1990s.

9.For exam
ple,surveys by the M

inistry of A
griculture in 

34 counties in E
ast Inner M

ongolia (W
u and L

i 2000) 
indicated that betw

een 1986 and 1996 a total of 970,000
hectares of grassland (about 1 percent of the grasslands in
that region) w

ere converted to irrigated crop production,
w

ith m
ost of the w

ork done by state-ow
ned farm

s,state-
ow

ned forestry enterprises,other state-ow
ned enterprises,

or foreign joint ventures.

10.A
ccording to the C

A
S,research expenditures have

recently increased,but the problem
 of lim

ited research 
findings has still not been resolved.

11.T
he rest supports shrub,scattered trees,seedlings,

and new
ly planted trees,or is classified as “barren land.”

12.T
im

ber forest (w
hich in other countries w

ould be m
ore

com
m

only referred to as Production Forest) is intended to
provide raw

 m
aterials for paperm

aking,construction,and
other m

anufacturing processes.

13.T
he data for the northern region in the first census are

not credible;it w
as probably not surveyed.If it is assum

ed
that the actual area of tim

ber forest in the northern region 
at the tim

e of the first census w
as on the order of 13 m

illion
hectares rather than the 2.7 m

illion hectares recorded,the
decline in total tim

ber forest area over the four census 
periods w

ould have been about 23 percent.
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14.Statistical analysis in R
ozelle et al.(1999) show

ed that
there is a statistically significant relationship betw

een 
trends in forest cover during the 1980s and the m

anagem
ent

regim
e.In areas w

here the collective sector w
as stronger,

forest cover rose.In areas w
here the state-ow

ned sector w
as

stronger,forest cover fell.A
 sim

ilar relationship w
as found 

in respect to forest area.A
n im

portant factor influencing 
this outcom

e,of course,is that forestry enterprises w
ere

established as logging units,not forest m
anagem

ent units.
Interestingly,the sam

e analysis show
ed that governm

ent 
forest policies also had a sm

all but negative effect on forest
cover;in other w

ords,during the period analyzed,forest 
policy that w

as intended to control forest degradation 
actually m

ay have had the opposite effect.

15.C
onvention on International T

rade in E
ndangered

Species.

16.N
ature reserves are supposed to be m

anaged through 
an interdepartm

ental structure at each adm
inistrative level,

w
hich w

ould m
ake the diverse ow

nership of reserves less 
of a problem

.B
ut,in reality,this does not alw

ays appear to 
be the case.

17.O
nly three of the state-level reserves are actually staffed

by personnel of the state-level institutions,even though they
m

ay be funded by those institutions.T
he rem

ainder are
staffed by low

er levels of governm
ent,under w

hat is essen-
tially a subcontracting arrangem

ent.In short,C
hina has no

functioning “national”N
ature R

eserves Service,w
hich is an

extraordinary deficiency given the size and international 
significance of both C

hina and its biodiversity resources.

18.E
ven though a reserve m

ay be the responsibility of a
low

er level of governm
ent such as a province or m

unicipality,
it w

ill be the responsibility of the counterpart of a state 
m

inistry at that level.For exam
ple,a provincial-level reserve

that falls w
ithin the responsibility of SE

PA
 w

ill be m
anaged

by the provincial E
nvironm

ental Protection B
ureau,w

hich
has a technical line of responsibility to SE

PA
 but gets m

ost
of its funding from

 the provincial governm
ent.

19.For exam
ple,a land classification system

 devised by the
C

hinese A
cadem

y of Social Sciences to reflect the “ecological
sensitivity”of land in the central and eastern regions show

ed
that there is a very high degree of overlap betw

een ecologi-
cally sensitive land and poverty counties located in the sam

e
regions (Z

hou et al.1997).T
here is a sim

ilar relationship in
the provinces suffering from

 significant desertification and
grassland m

anagem
ent problem

s.

20.R
esearch from

 A
frica suggests that m

ore intensive 
pastoral production (as advocated by the M

inistry of
A

griculture) does not alw
ays m

axim
ize output per unit 

of land or labor w
hen all outputs of pastoral production

(such as erosion control) are taken into account.

21.T
he need for this type of approach w

ill be accentuated 
by W

T
O

 accession.

22.A
s a particular case in point,there seem

s to be no real
benefit from

 a forest m
anagem

ent perspective in m
aintaining

the state’s m
arketing m

onopoly in the collectively m
anaged

forest areas.In fact,it is even arguable that this arrangem
ent

is detrim
ental to sustainable forest m

anagem
ent.

23.T
here w

ere a series of rapid policy changes affecting
farm

er-foresters during the 1980s.M
any of these w

ere w
ell-

intentioned,but the overall effect w
as to create w

idespread
uncertainty,and there are anecdotal reports suggesting this
m

ay have led to excessive clearing of forest.

24.C
ategory Ia is Strict N

ature R
eserve;C

ategory Ib 
is W

ilderness A
rea;C

ategory II is N
ational Park;and

C
ategory III is N

atural M
onum

ent.
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3
W

ater Resources M
anagem

ent
and W

ater Pollution Trends

R
apid econom

ic grow
th in C

hina has been
accom

panied 
by 

a 
substantial 

increase 
in

dem
and for w

ater and significant changes in
the relative im

portance of different sources
of w

ater pollution.B
etw

een 1980 and 1993,
urban 

w
ater 

consum
ption 

increased 
by 

350 percent and industrial w
ater consum

p-
tion 

doubled.
Irrigation 

use 
declined 

by
about 4 percent,even though irrigated area
increased by about 10 percent.

A
s dem

and has increased,so too have prob-
lem

s w
ith w

ater shortages,pollution,falling
groundw

ater tables,and flood/drought dam
-

ages.T
hese problem

s are rapidly approach-
ing crisis proportions,at least in som

e parts
of the country,

and they are likely to get
w

orse before they get better.T
he problem

s
are particularly acute in northern C

hina—
that is,

north of the Yangtze R
iver—

and
even m

ore so in the catchm
ents of the H

uai,
H

ai,and H
uang (Yellow

) R
ivers,w

hich are
often referred to as the “3-H

”
catchm

ents.
T

he 
3-H

 
catchm

ents 
account 

for 
about 

35 percent of total G
D

P
 and include the

econom
ically 

and 
politically 

im
portant

B
eijing-T

ianjin region.

W
ater Q

uality Trends 
T

he 
chem

ical 
and 

biological 
quality 

of
C

hina’s 
w

ater 
resources—

rivers,
lakes,

groundw
ater,and coastal w

aters—
is gener-

ally poor.O
ver the last 10 years,there has

been im
provem

ent in som
e of the larger

rivers,but the rem
ainder deteriorated.T

here
are no signs of im

provem
ent in C

hina’s m
ost

threatened freshw
ater lakes,

the quality of
coastal w

aters has continued to deteriorate,
and there are signs that groundw

ater pollu-
tion m

ay be increasing.T
he m

ost ubiquitous
pollutant is readily degradable organic m

ate-
rial from

 dom
estic and industrial sources.

O
ther im

portant pollutants include indus-
trial hydrocarbons and plant nutrients.

In
addition,

light 
lubricating 

oil 
and 

heavy
m

etals are im
portant in som

e lim
ited parts

of w
ater bodies.B

acteriological pollution is
not 

regularly 
m

onitored,
but 

is 
probably

w
idespread and substantial.

T
R

E
N

D
S

IN
R

IV
E

R
W

A
T

E
R

Q
U

A
L

IT
Y

IN
T

H
E

M
A

IN
D

R
A

IN
A

G
E

B
A

S
IN

S

T
able 3.1 show

s w
ater quality on the seven

m
ain 

rivers
1

during 
the 

1991-98 
period,

m
easured in term

s of the percentage of w
ater

quality m
onitoring sections in w

ater quality
classes 

I/II 
(good),

II/IV
 

(m
oderate) 

and V
/V

+
(poor).

T
he 

data 
illustrate 

the 
significantly low

er quality of rivers in northern
C

hina.
In general,

the incidence of C
lass

V
/V

+
river sections tends to be about three

tim
es higher in the north.T

his can be attrib-
uted to several factors:

3
W

ater Resources M
anagem

ent
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ater

■
T

he southern rivers have far greater flow
s

(assim
ilative capacity) than their northern

counterparts,and the level of exploitation 
of their w

ater resources tends to be low
er.

■
Population pressures in som

e provinces in
south C

hina are low
er than in north C

hina.

■
M

ost 
industrialization 

in 
the 

southern
river basins is concentrated in their low

er
reaches,

hence avoiding or reducing con-
tam

ination 
of 

their 
m

iddle 
and 

upper
reaches.

In 
the 

north,
industrialization

encom
passes both the low

er,m
iddle,and

in som
e cases upper reaches.

N
ationally,the incidence of both good qual-

ity and poor quality river sections increased
over the 1991-98 period,w

hile the incidence
of m

oderate quality sections declined.In the
southern rivers,

the reduction in m
oderate

quality m
onitoring sections w

as associated
w

ith an increase in the num
ber of good qual-

ity sections,
suggesting that there w

as an
im

proving trend.In the northern rivers,the
reduction in m

oderate quality sections w
as

accom
panied by increases in the incidence of

both good and poor quality sections.
T

he
detailed data on the northern rivers (not 
presented) highlight the follow

ing trends:

Table 3.1
W

ater Q
uality Trends in the Seven River Basins,1991-98 

Percentof Sam
ples in Each W

ater Q
uality Class

W
ater Q

uality Classes
1991

1992
1993

1994
1995

1996
1997

1998

A.All China
Class I and II

3
5

9
11

10
16

16
18

Class III and IV
64

57
64

62
51

44
53

42
Class V and V+

33
38

26
27

39
40

30
40

B.N
orth China

a

Class I and II
4

0
6

7
6

3
7

12
Class III and IV

56
49

61
57

41
44

53
38

Class V and V+
40

51
32

35
53

51
40

50

C.South China
b

Class I and II
2

17
17

20
21

43
39

31
Class III and IV

82
76

72
74

75
43

53
54

Class V and V+
16

7
11

6
4

14
7

15

N
otes:

aThe 3-H
 Rivers plus Songhua and Liao.

bYangtze and Pearl Rivers.

Source:PRCEE,CN
EM

C,and CRAES (2001b)
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■
In the Songhua,

the incidence of poor 
quality 

sections 
increased 

significantly,
w

hile the incidence of m
oderate quality 

sections declined accordingly,
suggesting 

that overall quality declined. 2

■
C

onditions in the L
iao appear to have

im
proved steadily,w

ith a steady decline in
the incidence of poor sections and increas-
es in m

oderate and good sections.
T

his
m

ay prim
arily be a reflection of m

ajor pol-
lution control investm

ents in Shenyang
C

ity,
the m

ajor industrial and dom
estic

pollution source in the catchm
ent.

■
C

onditions in the H
ai and Yellow

 R
ivers

deteriorated.T
he incidence of good sec-

tions stayed m
ore or less constant,

w
hile

poor sections increased.

■
T

he H
uai R

iver show
ed signs of im

prove-
m

ent,particularly after 1996.T
he incidence

of poor sections stayed about the sam
e,

w
hile the incidence of m

oderate sections
decreased and the incidence of good sec-
tions increased.

T
he H

uai R
iver A

ction
P

lan com
m

enced around the m
iddle of the

decade.
SE

PA
’s m

onitoring data suggest
that 

positive 
results 

m
ay 

have 
been

achieved,
although 

other 
analyses 

(W
orld B

ank 2001 and M
W

R
 2001) do 

not necessarily support that conclusion. 3

W
A

T
E

R
Q

U
A

L
IT

Y
T

R
E

N
D

S

IN
T

H
E

T
H

R
E

E
L

A
K

E
S

It is estim
ated that about 25 percent of all

lakes 
in 

C
hina 

are 
adversely 

affected 
by

eutrophication.T
hree of the m

ost critically

Table 3.2
Annual Average W

ater Q
uality Trends in the Three Lakes,1992-98

1992
1994

1996 
1998

(m
g/l)

(m
g/l)

(m
g/l)

(m
g/l)

Tai Lake
Total Phosphorous a

0.08
0.13

0.11
0.07

Total N
itrogen

a
2.98

1.73
2.62

1.84

Chao Lake
Total Phosphorous

0.25
0.34

0.25
0.36

Total N
itrogen

3.83
4.19

3.46
2.88

D
ianchi Lake

Total Phosphate
0.23

0.30
0.23

0.41
Total N

itrogen
2.14

3.00
2.53

4.76

N
ote:

a As a guide,total N
>0.5

m
g/l and total P>0.05

m
g/l are generally the thresholds beyond w

hich eutrophication becom
es a visible problem

.
By O

ECD
 criteria,a w

ater body is considered to be eutrophic w
hen total P falls in the range 0.035 – 0.1 m

g/l and hyper-eutrophic w
hen it

exceeds 0.1 m
g/l.

Source:Adapted from
 PRCEE,CN

EM
C,and CRAES (2001b).
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ater

polluted 
are T

ai 
L

ake 
(Jiangsu-Z

hejiang
Provinces),

C
hao L

ake (A
nhui Province),

and D
ianchi L

ake (Yunnan Province).T
hese

have been the m
ain focus of pollution control

w
ork during the 1990s.A

s show
n in T

able
3.2,

there 
are 

few
 

signs 
of 

substantive
im

provem
ents.

C
onditions 

in 
C

hao 
and

D
ianchi L

akes,
both of w

hich w
ere hyper-

eutrophic throughout the 1990s,
appear to

have deteriorated.

W
A

T
E

R
Q

U
A

L
IT

Y
IN

T
H

E
C

O
A

S
T

A
L

S
E

A
S

V
irtually all of the coastal seas are m

oderately
to highly polluted,w

ith about 70 percent of
sam

pling points being classified as C
lass III

or w
orse.T

he m
ost serious pollutant is inor-

ganic nitrogen,
follow

ed by phosphate and
oil.

O
ver the period w

hen data w
ere avail-

able,there w
ere no obvious signs of im

prove-
m

ent in the quality of seaw
ater.A

n indirect
indicator of eutrophication in C

hina’s coastal
areas is the incidence of red tides,

w
hich

increased significantly during the 1990s (see
F

igure 3.1).T
he B

o Sea (in north C
hina) is

particularly vulnerable to red tides due to its
shallow

 depth and low
 tidal exchange;

the
trend in red tide incidents there paralleled
the national trend.

N
o doubt som

e of the
extraordinary increase in incidents recorded
during the 1990s is due to increased m

oni-
toring and surveillance,but there is clearly a
significant underlying upw

ard trend.

G
R

O
U

N
D

W
A

T
E

R
Q

U
A

L
IT

Y

T
here 

are 
no 

com
prehensive 

tim
e-series

groundw
ater quality data available,so infor-

m
ation 

on 
groundw

ater 
quality 

trends 
is

anecdotal.
N

evertheless,
there seem

s little
doubt that quality is deteriorating,

particu-
larly 

in 
near-surface 

aquifers 
and 

in 
the

vicinity of m
ajor cities.For exam

ple,a 1994
groundw

ater assessm
ent of 69 cities in five

northern provinces and autonom
ous regions

4

plus the H
ai R

iver B
asin indicated poor

groundw
ater quality in the m

ajority of areas.

T
he m

ost com
m

on groundw
ater pollutants

are nitrate,nitrite,and am
m

onia.T
he m

ain
sources are leaking sew

ers and overflow
ing

septic tanks.T
here are no system

atic data on
contam

inants such as pesticides,herbicides,
heavy m

etals,or other potentially toxic com
-

pounds.A
necdotal inform

ation suggests that
problem

s could be occurring in som
e areas.

For exam
ple,

an investigation in the early
1990s (L

i 1991) detected organo-chlorine

1950s
1960s

1970s
1980s

No. of Incidents

Figure 3.1   Incidence of Coastal Red Tides, 
1950s to 1990s

1990s

Source: PRCEE, CN
EM

C, and CRAES (2001b).
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residues in groundw
ater in three provinces of

southeastern C
hina.In one case,levels w

ere
about 50 percent higher than the E

uropean
C

om
m

unity standard.

F
inally,

som
e aquifers,

particularly in near-
coastal 

areas,
are 

being 
contam

inated 
by

salinity intrusion due to over-exploitation of
the resource and draw

dow
n of the ground-

w
ater table.

G
roundw

ater usage in C
hina,

as in m
ost

other 
countries 

of 
the 

w
orld,

is 
poorly 

controlled and overextraction is becom
ing a

serious problem
,

particularly in the N
orth

C
hina P

lain.
A

ny strategy for protecting
groundw

ater quality has to be based on a
com

prehensive assessm
ent of the chem

ical
state of the groundw

ater environm
ent and of

trends over tim
e.T

he data on w
hich to base

such an assessm
ent do not exist.R

ectifying
that data deficiency is a first priority.

W
ater Resources

Availability,
Consum

ption,
and D

em
and

W
A

T
E

R
R

E
S

O
U

R
C

E
S

A
V

A
IL

A
B

IL
IT

Y

C
hina has substantial w

ater resources,
but

they 
are 

unevenly 
distributed.

Per 
capita

w
ater resources availability is high in south-

ern C
hina and low

 in northern C
hina,and

rainfall is highly seasonal.T
able 3.3 show

s the

Table 3.3  Average Renew
able W

ater Resources,Average 1956-79

Renew
able W

ater Resources 
W

ater
(Billion m

3/Year)
Availability

Surface w
ater

G
roundw

ater
Total

(m
3/person/year)

N
orthern Rivers

Song-Liao
165

62
193

1,704
H

ai-Luan
29

26
42

358
H

uai
74

39
96

505
H

uang
66

41
74

750

Southern Rivers
Chang

951
246

961
2,388

Zhu (Pearl)
468

112
471

3,327
Southeast

256
61

259
3,938

Southw
est

585
154

585
31,914

Interior Basins
116

86
130

5,271

China
2,711

828
2,812

2,343

Source:W
orld Bank (2001)
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net renew
able w

ater resources available in
each of the nine m

ajor externally draining
river basins and the internally draining rivers. 5

A
s show

n,surface runoff is the m
ain supply

source in all basins.G
roundw

ater resources
are significant only in the northern river 
system

s,particularly in the low
er catchm

ents
of the 3-H

 rivers.

Per capita w
ater availability in the “southern

rivers”—
south 

of 
and 

including 
the

Yangtze—
is alm

ost four tim
es that of the

northern 
rivers.

W
ater 

availability 
in 

the
H

ai-L
uan 

basin 
is 

particularly 
low

 
(355

m
3/head/year).A

vailability in the H
uai and

H
uang basins is higher,

but still below
 the

internationally accepted definition of w
ater

scarcity (1,000 m
3/head/year).

T
he northern rivers have far less assim

ilative
capacity 

than 
their 

southern 
counterparts

due to their generally low
er flow

s.T
his fac-

tor is exacerbated by the greater variability of
flow

 of these rivers and the greater w
ater

dem
and.T

he net effect in these catchm
ents

is that frequently the bulk of their flow
 

com
prises w

astew
ater.

T
hese problem

s are
com

pounded by the fact that the northern
rivers tend to be highly regulated.

A
verage

storage capacity in the 3-H
 basins is equiva-

lent to about 90 percent of average annual
runoff,

w
hereas the average for C

hina as a
w

hole is only 17 percent. 6

It 
is 

probable 
that 

the 
total 

assim
ilative

capacity of som
e,if not all,of the northern

river basins is already being exceeded.
It is

arguable that even if all point sources in the
catchm

ent 
w

ere 
treated 

to 
com

ply 
w

ith
national discharge standards,the river system

s
w

ould still be environm
entally overloaded.

R
E

C
E

N
T

W
A

T
E
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C
O

N
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U
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P
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IO
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T
R

E
N

D
S

F
igure 3.2 illustrates the changing balance of

w
ater consum

ption over the 1980-97 period.
W

hile agricultural use is still the dom
inant

use by far,
its share has decreased,

w
hile

dom
estic and industrial w

ater uses have been
increasing 

rapidly.
D

om
estic 

w
ater 

con-
sum

ption in urban areas has been rising in
both absolute and relative term

s due to a
com

bination of (a) increased urbanization;
(b) 

increased 
per 

capita 
consum

ption 
of

urban residents (from
 around 113 l/c/d in

1980 
to 

about 
230 

l/c/d 
in 

1997
7);

and 
(c) increased w

ater use efficiency w
ithin the

industrial sector.

1980
1993

Percent

Figure 3.2   Trends in W
ater Consum

ption, 1980-97 

1997

Industrial
Agriculture
D

om
estic (urban/rural)

Source: W
orld Bank et al. (2001); H

ydrosult (1999)
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U
se as a proportion of the w

ater available is
w

ell above average in the 3-H
 B

asins.U
se in

the H
ai-L

uan basin exceeds sustainable yield
due to overexploitation of the groundw

ater
resource,w

hich supplies about 60 percent of
total consum

ption.W
ater resource usage in

the southern rivers is quite low
—

typically on
the order of 20 percent.

W
A

T
E

R
D

E
M

A
N

D
P

R
O

JE
C

T
IO

N
S

T
he latest national dem

and projections,pre-
pared in 1999 by the Institute of W

ater
R

esources and H
ydropow

er of the M
inistry

of W
ater R

esources,indicate that the balance
betw

een irrigation and other consum
ptive

uses w
ill continue to change in the future

(see F
igure 3.3).

1993
2020

Percent

Figure 3.3   Projected Sectoral D
istribution

of W
ater D

em
and, 1993-2050 

2050

Rural
Industrial
U

rban

Source: W
orld Bank et al. (2001); H

ydrosult (1999)

Irrigation

0 20 40 60 80

100

Irrigation use is projected to decline from
around 

73 
percent 

of 
total 

consum
ption

(1993) to 50 percent in 2050.C
onsum

ption
for 

urban 
and 

industrial 
purposes 

w
ill

increase significantly.B
oth of these form

s of
consum

ption lead to em
issions of polluted

w
ater,so it is likely that w

ater pollution pres-
sures also w

ill increase substantially in the
foreseeable future.

Increased 
w

ater 
consum

ption 
and 

w
aste-

w
ater generation w

ill be of particular im
por-

tance in the 3-H
 basins,

w
hich are already

the m
ost degraded.T

he m
ost recent projec-

tions covering the period 2000-2050 high-
light the significant increases in dem

and that
can be expected from

 both the urban and
industrial sectors (see F

igure 3.4).U
rban and

industrial w
astew

ater production in the 3-H
basins w

ill increase in parallel.If these pro-
jections m

aterialize,
w

ater quality prospects
in these catchm

ents are poor.

1997
2010

2000
2030

2020
2040

2050

Figure 3.4  Projected U
rban W

ater D
em

and 
in the 3-H

 River Basins, 1997-2050

U
rban/Industry

Rural Life/Industry
Livestock/Fisheries

Billion Cubic Meters

Source: W
orld Bank et al. (2001)
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T
V

IE
-generated w

astew
ater flow

s,
w

hich
increased 

by 
about 

120 
percent 

from
 

1989-95,
and 

then 
decreased 

by 
about 

50 
percent 

through 
1998.

Increases 
in 

discharges 
from

 
C

A
O

E
s 

w
ere 

generally
m

uch low
er in both absolute term

s and in
com

parison to the increases in their G
ross

Industrial O
utput V

alue (G
IO

V
).

1989
1995

1997
1998

Figure 3.5  W
astew

ater D
ischarges by Source, 1989-98

CAO
Es

TIVEs
All Industry

Billion Cubic Meters

Source: N
ygard and G

uo (2001)

0 5 10 15 20 25 30

Trends in Pollutant
Em

issions 
T

he 1990s saw
 a progressive change in the

nature and relative scale of w
ater pollution

sources in C
hina.T

his process of change is
likely to continue.T

he num
ber of environ-

m
entally significant sources w

ill increase,as
w

ill the com
plexity of m

anaging and control-
ling these sources.

I
N

D
U

S
T

R
IA

L
W

A
S

T
E

W
A

T
E

R

D
IS

C
H

A
R

G
E

S

A
s show

n in T
able 3.4 and F

igure 3.5,the
total 

volum
e 

of 
industrial 

w
astew

ater 
discharges declined significantly during the
1990s,particularly after 1995,w

hen action
w

as taken to deal w
ith the relatively unreg-

ulated grow
th of T

V
IE

s. 8T
V

IE
-generated

C
O

D
 

increased 
by 

nearly 
250 

percent
betw

een 
1989 

and 
1995,

follow
ed 

by 
a

reduction of about 50 percent from
 1995 

to 
1998.

T
here 

w
ere 

sim
ilar 

trends 
in 

Table3.4
Trends in Industrial W

aste D
ischarges,1989-98

1989
1995

1997
1998

W
astew

ater Flow
s (Bcm

)
CAO

Es
25

22
19

17
TVIE

3
6

4
3

All Industry
28

28
23

20

CO
D

 (M
illion tons)

CAO
Es

8
8

7
5

TVIEs
2

6
4

3
All Industry

10
14

11
8

Sources:ZTN
 (1990,1996);H

TN
 (1999);ZH

N
 (1996,1998,1999);PRCEE and CRAES (2001b).
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T
hese trends w

ere partly due to econom
ic

factors,
including the econom

ic slow
dow

n
and industrial restructuring,but also due to
increasing regulatory effectiveness and the
application 

of 
em

ergency 
m

easures 
in

response to a m
ajor pollution incident in the

H
uai R

iver in 1994.

T
he governm

ent enacted a series of em
er-

gency m
easures, 9including one that facilitated

banning,closing,or stopping production of 15
types of sm

all-scale T
V

IE
s that w

ere know
n

to be m
ajor sources of pollution.T

his occurred
not only w

ithin the catchm
ent of the H

uai
R

iver,but throughout the entire country.

T
here can be little doubt that the em

ergency
shutdow

n program
 had a m

easurable im
pact

on industrial w
astew

ater em
issions,but there

is equally little doubt that this approach had
potentially serious adverse social im

pacts and
also generated an elem

ent of uncertainty
that,if it w

ere to becom
e a routine regulatory

tool,
could 

be 
detrim

ental 
to 

industrial
investm

ent and developm
ent.

T
here appears to have been less progress on

m
ore conventional approaches to industrial

w
ater pollution control during the 1990s.In

fact,
the data suggest that certain endem

ic
industrial w

ater pollution problem
s contin-

ued m
ore or less unabated during the decade.

A
 

disproportionate 
quantity 

of 
industrial

pollution load continued to be em
itted by a

sm
all 

sector 
of 

the 
industrial 

econom
y.

Q
uantities of treated industrial w

astew
ater

increased,
but 

the 
proportion 

of 
treated

w
astes com

plying w
ith relevant discharge

standards declined,indicating that the regu-
latory system

 w
as not w

orking as intended.

S
E

C
T

O
R

A
L

P
O

L
L

U
T

IO
N

I
M

P
A

C
T

S

A
s 

in 
earlier 

periods,
a 

disproportionate
share of total industrial pollution load w

as
generated by a com

paratively narrow
 section

of the industrial econom
y (see F

igure 3.6).
T

he pulp and paper sub-sector w
as m

ost
notable,

accounting for nearly half of total
industrial 

C
O

D
 

load,
w

hile 
contributing

only 2 percent of G
IO

V
.B

y 1998,six indus-
trial sub-sectors

10
accounted for 87 percent 

of 
total 

industrial 
C

O
D

 
load 

but 
only 

27 percent of G
IO

V
.

M
any of the enterprises in the pulp and

paper and food processing sectors are sm
all-

scale and usually locally ow
ned.

T
hey are 

Percent
0

Figure 3.6  Pollution Loads and G
IO

V Shares 
in M

ain Industries, 1998

Proportion Total CO
D

Source: ZTN
 (1999); ZH

N
 (1999)
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frequently ow
ned by county and tow

nship
governm

ents,
and 

are 
perceived 

as 
being

im
portant generators of local em

ploym
ent,

even though they m
ay be technically bank-

rupt.
It is difficult for local environm

ental
protection bureaus to shut these enterprises
dow

n,
or to force them

 to com
ply w

ith 
relevant discharge standards.

W
A

S
T

E
W

A
T

E
R

T
R

E
A

T
M

E
N

T
R

A
T

E
S

A
m

ong C
A

O
E

s,industrial w
astew

ater treat-
m

ent ratios—
that is,the proportion of total

w
astew

ater generated that passes through a
treatm

ent 
plant—

progressively 
increased

through 
the 

1990s.
A

t 
the 

sam
e 

tim
e,

w
astew

ater 
treatm

ent 
effectiveness—

the
proportion of treated w

astew
ater m

eeting
relevant national standards—

declined.T
his

observation supports the view
 that,w

hile the
regulatory system

 provides good incentives
for installing w

aste treatm
ent facilities,

it
provides far less incentive to operate them

 or
to operate them

 effectively,
since pollution

levies are set too low
.

T
here 

are 
also 

considerable 
differences

betw
een industrial sub-sectors in term

s of
w

astew
ater treatm

ent rates and treatm
ent

effectiveness.
T

reatm
ent 

rates
in 

the 
four 

sub-sectors,w
hich are the m

ajor sources of
w

ater pollution, 11w
ere all significantly low

er
than the all-industry averages for 1997 and
1998.T

reatm
ent effectiv

en
essw

as significantly
higher than average in the food processing

and textile industries,
and close to or less

than average in the pulp and paper and
chem

ical industries.

M
U

N
IC

IP
A

L
W

A
S

T
E

W
A

T
E

R

D
IS

C
H

A
R

G
E

S

In absolute term
s,

C
hina has the largest

urban 
population 

of 
any 

country 
in 

the
w

orld,and urbanization has been increasing.
T

he official annual grow
th rate of the urban

population through the 1990s w
as about 

3.1 percent,w
hile the actual rate w

as proba-
bly 

considerably 
higher.

U
rbanization 

is
expected to accelerate even further over the
next 10 to 20 years.

T
able 3.5 sum

m
arizes som

e key indicators of
urban developm

ent betw
een 1991 and 1998.

A
s show

n,the num
ber of officially designated

cities increased by about 40 percent to 668.
Total w

ater consum
ption in designated cities

increased at a rate of about 8 percent per
year,

but 
installed 

w
astew

ater 
treatm

ent
capacity increased at an even greater rate—
about 19 percent per year.T

he length of sew
-

ers increased at only about half that rate.
T

his highlights an issue facing som
e m

unic-
ipal w

astew
ater utilities—

sew
age reticulation

system
s are not keeping up w

ith treatm
ent

capacity,
resulting in underutilized w

aste-
w

ater treatm
ent capacity.

T
he 

com
bination 

of 
a 

rapidly 
increasing

urban 
population,

increasing 
urban 

w
ater

supply 
service 

levels,
and 

increasing 
per 

capita 
urban 

consum
ption 

are 
producing
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com
pounded increases in m

unicipal w
aste-

w
ater flow

s and pollutant loads.
T

his has 
significantly 

changed 
the 

w
ater 

pollution
balance over the last 10 years.T

he sum
 of

m
unicipal and industrial w

astew
ater flow

s
and 

C
O

D
 

loads 
rem

ained 
substantially

unchanged over the 1991-99 period,but the
significance of m

unicipal flow
s and loads as a

proportion 
of 

the 
total 

nearly 
doubled.

A
ccording to SE

PA
’s data,total w

astew
ater

flow
s and loads from

 m
unicipal sources now

exceed those from
 industrial sources. 12

D
espite double-digit grow

th of m
unicipal

w
astew

ater treatm
ent capacity over the last

decade,C
hinese cities continue to be under-

served by sew
ers and w

astew
ater treatm

ent
plants.

It 
is 

estim
ated 

that 
only 

about 
2 billion m

3
of non-industrial m

unicipal

w
astew

ater received secondary treatm
ent in

1998,representing only about 10 percent of
the 

total 
discharge.

T
his 

is 
a 

significant
im

provem
ent on the 4 percent rate achieved

in 1991,but clearly there is still an enorm
ous

backlog.O
nly about 70 percent of installed

m
unicipal w

astew
ater treatm

ent capacity is
being utilized,so there are opportunities to
m

ake im
m

ediate short-term
 im

provem
ents

by 
(a) 

increasing 
investm

ents 
in 

sew
age 

collection 
system

s 
and 

rehabilitation;
and 

(b) im
proving operation and m

aintenance of
existing treatm

ent plants.

N
evertheless,given m

unicipal w
ater dem

and
projections,

current 
m

unicipal 
w

astew
ater

treatm
ent capacity w

ill have to be nearly
quadrupled over the next 20 years just to
m

aintain 
the 

current 
level 

of 
m

unicipal 

Table 3.5
Selected U

rban Statistics,1991and 1998

Statistic
1991

1999
Annual G

row
th

(percent)

O
fficial urban population (m

illion)
305

389
3.1

City-based non-agricultural population (m
illion)

148
202

4.0
N

um
ber of designated cities 

479
667

—
Built-up city areas (km

2)
13,791

21,525
5.7

City-based dom
estic w

ater use (m
illion m

3/year) a
10,626

18,969
7.5

City-based per capita dom
estic w

ater use (m
3/year)

71.8
94.1

—
M

unicipal w
astew

ater treatm
ent

capacity (m
illion m

3/year)
1,703

5,779
19.1

Treatm
entcapacity/dom

estic w
ater consum

ption (%
)

11
21

n.a.
City-based sew

er length (km
)

61,601
134,486

10.3

N
ote:

aThis figure includes all non-industrial m
unicipal w

ater supply,including institutional dem
ands,urban irrigation,etc.Itequates to per capita

consum
ption of about250 liters per person per day,w

hich is disproportionately high.A good partof the high consum
ption level is believed 

to be due to high rates of leakage from
 old and poorly m

aintained m
unicipal w

ater supply system
s.

Source:ZTN
 (1992

and 2000).
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treatm
ent service.If the level of service w

ere
to be doubled over the sam

e period,
and

m
aking no allow

ance for increased accept-
ance of industrial flow

s,
installed capacity

w
ould have to increase by six- or seven-fold,

w
hich w

ill require m
assive investm

ents.

N
O

N
P

O
IN

T
W

A
T

E
R

P
O

L
L

U
T

IO
N

N
onpoint w

ater pollution due to fertilizer
runoff,pesticide runoff,and discharges from
intensive anim

al production enterprises is an
issue that is producing visible effects in cer-
tain areas and can be expected to increase
even further in the im

m
ediate future.

N
utrient runoff.Increasing fertilizer use has

been a m
ajor factor in the rem

arkable increase
in grain and food consum

ption in C
hina over

the last 50 years.Total fertilizer consum
ption

increased by m
ore than 500 percent betw

een
1980 and 1998,by w

hich tim
e it am

ounted
to about 41 m

illion m
etric tons a year.C

on-
sum

ption in 1999 w
as equivalent to about

317 kilogram
s per hectare (kg/ha) of culti-

vated land,or about 264 kg/ha of sow
n area.

A
pplication rates in som

e central and south-
eastern coastal provinces can be 400 to 500
percent higher than the national averages. 13

W
hile there is som

e debate w
hether current

application rates in C
hina are excessive,there

is alm
ost universal agreem

ent that fertilizer
applications are unbalanced.Potassium

 and,
to a lesser extent,phosphorous are underap-
plied.

D
eficiencies in potassium

 reduce the

efficiency 
of 

nitrogen 
and 

phosphorous
applications,

requiring 
larger 

applications
than 

necessary 
to 

achieve 
a 

given 
yield

response and also increasing losses from
 the

field into rivers and lakes.O
ther factors con-

tributing to nutrient runoff include the poor
quality of fertilizers,

inefficient application
m

ethods,and excessive soil erosion.

N
onpoint sources of nutrients are significant

sources of eutrophication,w
hich is occurring

in m
any lakes throughout C

hina and also in
near-shore 

m
arine 

areas 
that 

are 
shallow

and/or experience lim
ited tidal flushing.For

exam
ple,it has been estim

ated by researchers
at T

singhua U
niversity that nearly 70 percent

of 
the 

total 
nutrient 

load 
flow

ing 
into

D
ianchi L

ake in Yunnan Province is derived
from

 agricultural runoff. 14
Studies on C

hao
L

ake in A
nhui Province indicate that about

75 percent of total P
 and 60 percent of total

N
 

is 
derived 

from
 

agricultural 
nonpoint

sources (E
cology and E

nvironm
ent 1999).

T
here are no quick and sim

ple solutions to
the control of nutrient runoff from

 agricul-
tural land.In fact,as the econom

y opens up
and the governm

ent’s role in directing the
agricultural econom

y continues to decline,
the problem

 w
ill get m

ore difficult to control.
T

he governm
ent’s capacity to direct farm

ers
to grow

 particular crops and adopt particular
practices is declining alm

ost to the point of
disappearance.

In the future,
it w

ill have to
rely m

uch m
ore heavily on education and

aw
areness to encourage farm

ers to change
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their habits.T
his requires re-invigoration of

the agricultural extension service,w
hich has

been progressively declining for m
any years.

T
he governm

ent is w
ell aw

are of the prob-
lem

 and has been focusing its control efforts
on three lakes,w

hich are the w
orst affected

in the country. 15
H

ow
ever,

the strategy has
not 

had 
the 

desired 
results 

for 
several 

reasons,
including poor targeting of invest-

m
ent strategies,problem

s w
ith funding coor-

dination,
and insufficient attention to the

institutional 
and 

other 
non-engineering

dim
ensions of the problem

.T
hese problem

s
could be reduced by devoting m

ore tim
e to

understanding the causes of the problem
before em

barking on investm
ent decisions;

im
proving interagency coordination;

apply-
ing already existing regulatory procedures;
and im

proving local governm
ent capacity

and effectiveness on issues such as land-use
zoning and control (see B

ox 3.1).

Pesticides.T
he other m

ajor inputs that have
played 

a 
part 

in 
the 

agricultural 
sector’s

grow
th in output are pesticides.In the early

1950s,
total dom

estic pesticide production
w

as only about 1,000 tons.B
y 1999,this had

increased to about 625,000 tons,
by w

hich
tim

e C
hina had becom

e the second largest
producer and consum

er in the w
orld.Since

then it m
ay w

ell have m
oved into first place

(H
uang et al.2000).

D
om

estic production reached sim
ilarly high

levels (537,000 tons) in 1980,at w
hich tim

e a
high proportion of pesticides produced w

ere
classified 

as “high-toxicity,
high-residue”

chem
icals. 16

Together,
these accounted for

about 70 percent of all pesticides and 95 per-
cent of all insecticides produced in C

hina.
D

om
estic production of m

ost of these toxic
com

pounds w
as banned in 1983.T

hereafter,
total dom

estic pesticide production declined
by about 60 percent,to 211,000 tons in 1985.
A

s production recovered through the late
1980s and 1990s,the range of chem

icals pro-
duced changed,but not very advantageously
from

 an environm
ental point of view

.Tw
o of

the top three insecticides produced in 1996
w

ere W
H

O
 C

lass 1 chem
icals. 17In any event,

the ban w
as not com

pletely effective,
and

there rem
ains a substantial dom

estic trade,
and perhaps also production,of the suppos-
edly banned chem

icals (T
hiers 2000).

D
om

estic consum
ption nearly doubled,from

730,000 tons in 1990 to 1.32 m
illion tons in

1999 (Z
N

T
Z

 1999).
T

here are num
erous

case study reports supporting the conclusion
that overapplication of pesticides is a problem
in at least the w

ealthier provinces of C
hina. 18

T
here are tw

o m
ain environm

ental effects
currently evident from

 overuse of pesticides:

■
P

esticide residu
es in

 crops.T
he occurrence of

excessive 
pesticide 

residues 
in 

C
hinese

food crops is believed to be serious and
w

idespread (M
orton 1999).

Som
e local

dietary surveys (reported in H
uang et al.

2000) have detected elevated residues in a
variety of foods,

particularly vegetables,
fruit,m

eat,and eggs.T
his is a m

atter of
significance 

from
 

the 
dom

estic 
public

health and environm
ental points of view

.
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Box 3.1 The Case of D
ianchi Lake in Yunnan Province

In
tro

du
ctio

n
Lake D

ianchi is located in southw
estChina,near the

Yunnan Provincial capital of Kunm
ing.The lake suf-

fers from
 serious eutrophication,in part(a) because

it
is inherently susceptible due to its shallow

ness,
the w

arm
 tem

peratures,
the seasonal rainfall 

pattern,
and its low

 hydrological exchange;
and 

(b) because of the extensive agricultural,industrial,
m

ining (including phosphate m
ines),

and urban
developm

entin the catchm
ent.

Control Strategies.
Sporadic attem

pts to control
w

ater pollution began in the 1980s,butan integrat-
ed approach only started in the 1990s.There w

ere
five m

ain com
ponents to the strategy:(1) legislative 

and regulatory;(2) increased treatm
ent

of urban
and industrial w

astew
ater;(3) selective rem

oval of 
nutrient-rich w

ater;(4) sedim
entdredging in a sub-

section of the lake (Chao-H
ai);and (5) control of

algae and m
acrophytes.

The strategy included legislative/regulatory actions
to provide a legal basis for attem

pts to control
im

portant
nutrient

sources (including cage-fish
farm

ing and m
ining operations) and tightening

approval of new
 projects;increased treatm

ent
of

urban industrial w
astew

ater;construction of four
centralized w

astew
ater treatm

entplants;an indus-
trial pollution control plan,

w
hich bought

the
m

ajority of sources in the catchm
ent

into com
pli-

ance w
ith relevant

standards;
selective rem

oval 
of nutrient-rich w

ater,w
hich involved construction

of a channel to w
ithdraw

 nutrient-rich w
aters from

part
of the lake during the w

et
season;

and
m

echanical harvesting and chem
ical control.

Resu
lts

N
otw

ithstanding the large investm
ent

(about
2.5

Billion RM
B),the only noticeable im

provem
ent

has
been in Chao-H

ai,a sm
all sub-section of the lake.

W
ater quality in W

ai-H
ai—

the larger sub-section 
of the lake—

has continued to deteriorate.
Even 

in Chao-H
ai,the m

ain im
provem

ent
has been aes-

thetic and in phosphate concentrations,w
hich w

ere
reduced up to 41 percent.N

H
4 -N

 and total N
 have

increased,and Chao-H
ai technically rem

ains hyper-
eutrophicated.In W

ai-H
ai,BO

D
5 ,N

H
4 -N

,total N
,

and total P are steadily increasing,and it
is at

or
close to hyper-eutrophic.

Co
m

m
en

ts an
d Co

n
clu

sio
n

s
In sum

m
ary,the strategy has had lim

ited success.
The m

ain com
plicating factors include (a) accelerat-

ed econom
ic developm

entin the catchm
ent,w

hich
caused pollutant

discharges to consistently out-
pace the control effort;(b) delays in getting the
integrated control effort

started (the problem
 w

as
identified in the early 1980s,but

serious control
efforts only began in the 1990s);

(c) too m
uch

em
phasis on short-term

 control of “sym
ptom

s”
such as sedim

ent
dredging,and too little effort

on
the control of underlying sources of the problem

s;
(d) virtually no attention given to control of agricul-
tural point

source em
issions (the m

ajor source of
nutrients);and (e) insufficient

attention given to
developing an integrated,cost-effective approach.

Source:J.Chen (2000) 
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In addition,it could affect access to inter-
national m

arkets for fruit and vegetables,
m

any of w
hich are very sensitive to food

purity issues.

■
B

iodiv
ersity 

im
pacts.

Pesticides 
influence

biodiversity by (a) applying selection pres-
sure to the pests being controlled,

w
hich

tends to increase their resistance over tim
e,

thus reducing the effectiveness of the pes-
ticides;

(b) 
killing 

non-target 
insect

species,m
any of w

hich m
ay be pest preda-

tors 
that 

w
ould 

otherw
ise 

benefit 
crop

plants;and (c) killing or adversely affecting
the health and/or reproductive success of
non-insect species,particularly (in C

hina)
fish and frogs.

T
here is at least indirect 

evidence to suggest that som
e of these

effects are already occurring. 19

T
here is no convincing evidence that general

contam
ination of soil and/or w

ater is a m
ajor

or w
idespread environm

ental problem
 at this

stage,
although the database on w

hich to
m

ake an assessm
ent of this issue is alm

ost
com

pletely lacking.

E
m

issions 
from

 
Intensive 

L
ivestock

Production.
A

 notable change in the struc-
ture 

of 
the 

rural 
econom

y 
over 

the 
last 

30 years has been the increased contribution
m

ade to the gross value of agricultural output
(G

VA
O

) by livestock production,w
hich dou-

bled its contribution from
 14 percent in 1970

to 31 percent in 1998.T
his reflects changing

dom
estic dietary habits.Per capita grain con-

sum
ption has been progressively declining,

particularly in urban areas,
w

hile the con-
sum

ption of anim
al products has increased

significantly.
T

hese trends are expected to
continue in the foreseeable future as urbaniza-
tion increases,

disposable incom
es increase,

and food distribution system
s in rural areas

im
prove.D

om
estic livestock production w

ill
also 

increase,
as 

w
ill 

the 
proportion 

of 
livestock raised in intensive production units,
w

hich can be significant sources of both solid
and liquid w

astes,as w
ell as odors.

T
he livestock sector in C

hina is already large.
W

ithin the livestock sector,pork production
is of m

ajor im
portance.T

he pork production
sector produces 70 percent of all m

eat pro-
duced in C

hina,and 50 percent of the pork
produced in the w

orld (A
griteam

 1998).

M
edium

-scale 
producers,

or 
Specialized

Production H
ouseholds (SP

H
),m

aintain as
m

any as 10 sow
s and account for about 5 per-

cent of total production.C
om

m
ercial farm

s
typically m

aintain betw
een 100 and 1,000

sow
s,although som

e have as m
any as 5,000

sow
s,

and account for about 15 percent of
total 

production. 20
B

oth 
are 

expected 
to

increase in im
portance over the next 10 years.

It is predicted that SP
H

 and com
m

ercial 
producers 

could 
account 

for 
as 

m
uch 

as 
40 percent (20 percent each) of total pig pro-
duction by the year 2010 (A

griteam
 1998).

T
he calculations in T

able 3.6 are intended to
provide som

e perspective on the current and
potential 

significance 
of 

the 
w

astes 
that

m
ight be discharged from

 an intensive pig
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production sector of the size im
plied by the

above grow
th projections.T

he num
bers are

obviously speculative,
but they support the

view
 that the environm

ental dim
ensions of

this sector could be potentially substantial.

It is assum
ed that 80 percent of piggeries are

located in the three statistical regions (C
entral

South,
Southw

est,
and E

ast) that presently
contain 80 percent of all pigs.In these three
regions,

the B
ank estim

ates that the C
O

D
load in untreated piggery w

astes w
as about 

2.6 m
illion tons in 1996 and w

ill be about 
8.2 m

illion tons in 2010,representing 28 per-
cent and 90 percent respectively of current
urban plus industrial C

O
D

 loads.O
ne recent

study estim
ated that,

in certain study areas
w

ithin the H
uai and H

ai R
iver basins,current

C
O

D
 loads from

 all livestock already am
ount

to betw
een 30 percent (in Z

hangjiakou) and
80 percent (in C

hengde) of industrial C
O

D
loads (W

orld B
ank et al.2001).

T
here are insufficient data upon w

hich to
base sim

ilar estim
ates regarding the intensive

cattle and chicken production sub-sectors,
although it can reasonably be assum

ed that
they too are significant and w

ill becom
e even

m
ore significant over tim

e.

Conclusions and
Recom

m
endations

I
N

T
R

O
D

U
C

T
IO

N

A
t the beginning of the 1990s,the dom

inant
w

ater pollution issue in C
hina w

as industrial
point source pollution and,m

ore particularly,
pollution from

 industrial point sources locat-
ed 

w
ithin 

the 
state-ow

ned 
sector.

T
hese

sources becam
e the focus of the pollution

control effort.
SE

PA
 and the low

er level
E

P
B

s 
used 

a 
variety 

of 
instrum

ents 
to

address the problem
,

including com
m

and-
and-control 

m
easures,

“adm
inistrative”

m
easures,econom

ic instrum
ents,and public

aw
areness.

T
he available data suggest that

these m
easures contributed to the reversal of

industrial w
ater pollution em

issions observed
around the m

iddle of the decade.

W
hile 

environm
ental 

adm
inistrators 

w
ere

focusing on C
A

O
E

s,the T
V

IE
 sector erupt-

ed as a new
 and even m

ore significant source
of 

industrial 
pollution.

W
hen 

corrective
action w

as eventually taken,com
m

encing in
late 

1996,
the 

control 
strategy—

shutting
dow

n 15 types of sm
all enterprises—

also
appears to have been effective.W

ater pollu-
tion em

issions from
 T

V
IE

s declined signifi-
cantly during the second half of the decade.

T
hese im

provem
ents w

ere probably enhanced
by the general slow

dow
n in econom

ic activity
follow

ing 
the 

regional 
financial 

crisis 
in

1997,com
bined w

ith industrial restructuring,
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w
hich favored grow

th in industrial sub-sectors
that tend to use less process w

ater and/or
produce less w

ater pollution per unit of output.

T
his conjunction of events is unlikely to con-

tinue.
W

ater 
pollution 

m
anagem

ent 
and 

control w
ill becom

e m
uch m

ore com
plex over

the next 10 years,and it is likely that w
ater

quality in rivers,lakes,and groundw
ater w

ill 
continue to deteriorate in m

any areas.T
he

m
ajor factors influencing this outlook are:

■
R

ecovery of the industrial econom
y,w

hich
could reverse som

e of the gains m
ade on 

control of industrial point-source pollution
over the last few

 years.

■
M

ost of the grow
th in industrial output in

the future is likely to be w
ithin the non-

SO
E

 sector,
w

hich SE
PA

 and the E
P

B
s

have the least capacity to regulate due to
deficiencies in the current com

m
and-and-

control system
.

R
ecent positive trends in

the control of industrial point source em
is-

sions m
ay not be sustained,and m

ay even
be reversed over the next five years.

■
Increasing 

urbanization,
increasing 

per 
capita 

urban 
w

ater 
consum

ption,
and 

possible continuing difficulties in adjusting
w

ater 
and 

sew
age 

tariffs 
to 

financially 
sustainable levels,

could lead to a further
w

idening of the gap betw
een the need 

for and supply of sew
age collection and

Table3.6
CO

D
 D

ischarges from
 SPH

 and Com
m

ercial Pig Production Enterprises,1996
and estim

ated 2010

1996
2010

Assum
ed national pig population (m

illion head) a
335

525
Proportion of population in m

edium
 and com

m
ercial 

production units (percent)
20

40
Pig population in m

edium
 and com

m
ercial production 

units (m
illion head)

67
210

Annual CO
D

 production/pig (tons) b
0.123

0.123
Average proportion of w

astes discharged untreated 
per production unit c(percent)

40
40

Resultantuntreated
CO

D
 discharge (m

illion t/y)
3.3

10.3
Intensive piggery CO

D
 discharge (proportion of 1998

national 
industrial + m

unicipal CO
D

 loads) (percent)
22

69

N
otes:

aAssum
es the pig population increases atabout3

percentper annum
,w

hich com
pares 

w
ith the rate of 2

percentper annum
 achieved over the period 1981-95.The base (1996) 

figure is derived from
 the 1996

agricultural census.
b

Based on 282
g/d volatile solids/pig/day and 1.2

m
g CO

D
/m

g volatile solids (G
loyna 1971).

cAssum
ed treatm

entrates based on survey data in Zhang etal (1999) covering 66
large-scale pig,chicken,and cattle production enterprises in four provinces.

Source:W
orld Bank Staff
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treatm
ent capacity in urban areas.

If this
occurs,there w

ill be a significant increase
of pollutant loads from

 this source.

■
N

onpoint w
ater pollution,and particularly

w
astew

ater 
em

issions 
from

 
intensively 

produced livestock,
is already significant 

and is likely to becom
e m

ore significant in 
the foreseeable future.

T
he com

bination of these factors w
ill be felt

m
ost 

acutely 
in 

the 
rivers 

north 
of 

the
Yangtze,

including the 3-H
 rivers and the

Songliao R
iver,w

here w
ater quality is already

severely 
degraded.

From
 

a 
w

ater 
quality

point of view
,these parts of the country have

reached the stage w
here deterioration of the

w
ater resource base is threatening the foun-

dations of grow
th.T

he im
m

ediate need in
the northern river catchm

ents is for develop-
m

ent and application of an integrated w
ater

resources m
anagem

ent strategy applied at
the river-basin level that addresses all aspects
of grow

th and developm
ent im

pinging on
the 

w
ater 

cycle.
T

he 
ensuing 

discussion 
outlines som

e key issues that need to be
addressed in applying an integrated w

ater
m

anagem
ent strategy at the river-basin level.

T
his is follow

ed by suggestions on how
 par-

ticular aspects of the total w
ater pollution

problem
 ought to be addressed,either as part

of an integrated river basin m
anagem

ent
strategy,

or 
as 

disaggregated 
strategies 

in
parts of the country w

here w
ater m

anage-
m

ent issues are not quite so pressing.

I
N

T
E

G
R

A
T

E
D

R
IV

E
R

B
A

S
IN

M
A

N
A

G
E

M
E

N
T

S
T

R
A

T
E

G
IE

S

Integrated river basin m
anagem

ent (IR
B

M
) is

not a new
 idea.N

um
erous reports have advo-

cated adoption of a com
prehensive river basin

planning 
and 

m
anagem

ent 
approach 

as 
a

m
eans for rationalizing w

ater resource m
an-

agem
ent.It also has the potential to provide a

better fit betw
een w

ater m
anagem

ent strategy
and local clim

atic and geographic conditions,
w

hich are extrem
ely variable in C

hina.T
he

State C
ouncil,as w

ell as operational agencies
such as the M

inistry of W
ater R

esources and
SE

PA
,support the concept.T

he problem
 is

how
 to m

ove the idea tow
ard im

plem
entation.

T
his topic has been addressed in consider-

able detail in a num
ber of recent reports

(H
ydrosult et al.

1999,
W

orld B
ank et al.

2001).H
ow

ever,in term
s of general princi-

ples,
the m

ost pressing need is to develop
new

 institutional arrangem
ents for integrated

river 
basin 

m
anagem

ent,
w

ith 
particular

em
phasis on increasing the effective partici-

pation 
of 

stakeholders 
other 

than 
the

national governm
ent. 21

T
hree basic “design options”

for a river basin
agency have been tried around the w

orld
(Stapleton et al.1999).T

he w
eakest interven-

tion is a com
m

ittee,w
hich coordinates high-

level policy and strategy but has no role in
daily operation.T

he strongest intervention is
an

authority,w
hich absorbs all or m

ost w
ater

and related functions in the basin regardless of
w

hich level of governm
ent they belonged to in
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the first instance.A
 third option is a com

m
is-

sion,w
hich deals m

ostly w
ith policy,strategy,

planning,
data collection and m

anagem
ent,

m
onitoring,

specification of standards,
and

related m
atters.It m

ay also have som
e operat-

ing functions for very large w
orks,

such as
m

ajor dam
s,or for inter-provincial issues.In

term
s of influence,this option is som

ew
here

betw
een the first and second options.

T
he com

m
ission m

odel is becom
ing m

ore
frequently 

used 
internationally—

exam
ples

include the M
urray-D

arling C
om

m
ission in

A
ustralia 

and 
the 

D
elaw

are 
R

iver 
B

asin
A

uthority in the U
S—

and m
ay be adaptable

to the C
hinese situation.

W
A

T
E

R
P

R
IC

IN
G

In general,w
ater is used w

astefully by virtu-
ally 

all 
consum

ers 
in 

C
hina.

O
vercon-

sum
ption is partly due to the fact that w

ater
is generally underpriced or,

in som
e cases

such as groundw
ater,not priced at all.T

his
situation is progressively changing,

particu-
larly w

ith regard to m
unicipal and industrial

supplies,
but progress is slow

.
A

ppropriate
charging for both surface and groundw

ater,
in all its uses,

m
ay be the m

ost effective 
single 

m
ethod 

to 
overcom

e 
m

any 
w

ater
shortage and w

ater pollution problem
s in

C
hina.

A
lm

ost all other regulatory tools—
w

ater use perm
its,

w
ater pollution perm

its,
or levies—

and w
ater savings activities w

ill be
m

ore effective w
hen supported by appropri-

ate w
ater charges and prices.

C
hina already applies charges to cover the

cost of supplying a service such as w
ater 

supply,and applies w
ater resource charges for

the scarcity or opportunity cost of supplying
a natural resource. 22For various reasons,these
charges are not as effective as they could be.

W
ater 

resources 
adm

inistration 
w

ould 
be

greatly im
proved if (a) w

ater rights and alloca-
tions w

ere m
ade transferable and enforceable;

(b) appropriate pricing policies w
ere applied

for w
ater services,including bulk w

ater sup-
ply and flood control;and (c) resource m

an-
agem

ent fees w
ere applied,or included as a

line item
 in relevant governm

ent budgets,to
cover the costs of system

 m
anagem

ent.

In m
any cases,a relatively steep increase in

current w
ater charges m

ay be required to
have a real im

pact.T
his is socially difficult,

but in the severely conflicted catchm
ents such

as 3-H
 it m

ay be far m
ore palatable than the

alternatives,
including large-scale failure of

urban and industrial w
ater supplies.Som

e of
these problem

s are already occurring in the
current very dry year in northern C

hina.

W
A

T
E

R
Q

U
A

L
IT

Y
M

O
N

IT
O

R
IN

G

A
N

D
W

A
T

E
R

Q
U

A
L

IT
Y

S
T

A
N

D
A

R
D

S

C
hina has substantial financial resources,but

m
any developm

ental problem
s to solve.It can-

not afford to w
aste scarce financial resources.

Yet,at great expense,it m
aintains tw

o nation-
al w

ater quality m
onitoring system

s that sub-
stantially overlap and duplicate each other.In
addition,it has not recently review

ed its w
ater
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quality standards to ensure they are relevant
to current econom

ic and technical conditions.
B

oth issues need to be addressed.

W
ater quality m

onitoring.
SE

PA
 and the

M
inistry of W

ater R
esources m

aintain paral-
lel,

and 
in 

m
any 

respects 
overlapping,

national w
ater quality m

onitoring system
s.

F
ifteen out of 37 surface w

ater quality indi-
cators m

onitored by M
W

R
 are also m

oni-
tored by SE

PA
;in the case of groundw

ater,
the figure is 17 out of 27.R

iver flow
,w

hich
is essential for calculating pollutant loads,is
not m

onitored by SE
PA

,but is m
onitored by

M
W

R
.SE

PA
 is authorized by law

 to pub-
lish w

ater quality data,w
hile M

W
R

 data is
m

ainly for internal use.T
here is little coordi-

nation or cooperation betw
een SE

PA
 and

M
W

R
,

and the param
eters m

onitored do
not necessarily reflect the particular needs in
individual river sections.D

ata is not available
in a com

m
on database,and there appears to

be little if any sharing of data or collaborative
analysis of data.

In fact,
the relationship

betw
een M

W
R

 and SE
PA

 appears to be
m

ore com
petitive than cooperative.T

his sit-
uation is not tenable and,

furtherm
ore,

is
com

prom
ising the analytical value of the

national w
ater quality database. 23

A
s a m

atter of priority,
SE

PA
 and M

W
R

should establish a joint,high-level com
m

ittee
to 

rationalize 
their 

m
onitoring 

system
s,

including station locations;frequency of sam
-

pling/ observations;
selection of m

onitoring
param

eters;and sharing of responsibilities for

sam
ple collection and analysis.In addition to

further defining the division of labor betw
een

quantitative (M
W

R
) and qualitative m

oni-
toring (SE

PA
),

they should agree on data-
sharing standards and procedures and identify
opportunities for joint research and analysis.
C

ost savings from
 adoption of a m

ore collab-
orative effort could help resolve som

e of the
m

ost fundam
ental problem

s w
ith the existing

m
onitoring 

system
,

notably 
inadequate 

sam
pling frequency.

W
ater quality standards.

To achieve cost
effectiveness 

in 
m

anaging 
pollution,

the
design of pollution control facilities needs to
be based on am

bient and em
ission/discharge

standards that are econom
ically rational as

w
ell as environm

entally acceptable.In m
any

of the severely stressed river basins in C
hina,

particularly the northern catchm
ents,there is

a huge gap betw
een am

bient standards for
the m

ain designated w
ater uses and the actu-

al standards that are likely to be achievable
w

ithin any reasonable planning tim
e-fram

e.
T

hese ought to be review
ed,particularly the

m
inim

um
 quality standards for river w

ater
suitable for raw

 w
ater supply for m

unicipal
system

s (C
lass II/III).N

ot only do these rep-
resent an unachievable goal in m

any catch-
m

ents,
but 

they 
m

ay 
not 

take 
adequate

account of recent developm
ents in drinking

w
ater treatm

ent technology. 24
T

hese stan-
dards need to be review

ed,
w

ith a view
 to

assessing the utility of using the existing
standards as “goals”

and setting “w
orking
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level standards”
(W

L
Ss) applicable to the

existing status of econom
ic developm

ent,for
a period of perhaps 10 years.T

he standards
could be revised every new

 decade,
setting

the W
L

Ss at levels representing the m
axi-

m
um

 standards that can reasonably be m
et at

the tim
e,w

hich could be accepted by indus-
try in a constructive m

anner that w
ould

prom
pt com

pliance rather than evasion.

I
N

D
U

S
T

R
IA

L
W

A
T

E
R

P
O

L
L

U
T

IO
N

C
O

N
T

R
O

L

M
ost of the initiatives needed to strengthen

industrial w
ater pollution control are of a

cross-cutting 
nature 

and 
are 

covered 
in

C
hapter 5.B

ut there are a num
ber of things

that are of particular relevance to industrial
w

ater pollution.For exam
ple:

■
 Pollution levies have to be increased suffi-
ciently to provide a true disincentive,

so
that it is cheaper for enterprises to install
and operate w

astew
ater treatm

ent plants
than to rem

ain in noncom
pliance and pay

the levy. 25

■
 E

PB
s need to strengthen the general appli-

cation of existing regulatory instrum
ents,

particularly the “three sim
ultaneous”policy.

■
E

P
B

s need to be far m
ore strategic in the

focus of their industrial regulation w
ork.

From
 a national perspective,SE

PA
 needs

to continue its focus on priority catch-
m

ents by providing technical assistance

and adm
inistrative support to concerned

provincial and low
er level E

P
B

s.
M

ore
generally,

E
P

B
s at all levels should focus

their greatest efforts on m
onitoring and

regulation of the industrial enterprises that
produce the bulk of total pollution loads in
their 

jurisdictions,
including 

industrial
enterprises below

 the county level.

■
SE

PA
 should assist low

er-level E
P

B
s to

m
ake 

better 
use 

of 
the 

environm
ental

im
pact assessm

ent system
 as a tool in 

total 
w

ater 
pollution 

load 
control.

E
nvironm

ental assessm
ents for industrial

enterprises 
need 

to 
assess 

increm
ental

w
ater pollution loads attributable to pro-

posed developm
ents.T

hese should be used
to determ

ine how
 developm

ents can pro-
ceed w

ithout increasing total loads.

■
SE

PA
 

and 
low

er-level 
E

P
B

s 
need 

to
cooperate w

ith finance bureaus and plan-
ning departm

ents to prom
ote the concept

of industrial estate developm
ent for rural

industrial 
enterprises,

com
bined 

w
ith

centralized 
w

astew
ater 

collection 
and

treatm
ent,

as a contribution to resolving
pollution 

problem
s 

w
ith 

sm
all-scale 

rural enterprises.

■
In 

urban 
areas,

m
unicipal 

governm
ents 

and E
P

B
s need to encourage discharge of 

pre-treated 
industrial 

w
astew

ater 
into

m
unicipal sew

ers.

■
T

he 
national 

C
leaner 

Production 
(C

P
) 

program
 should continue to be supported 

and strengthened (see C
hapter 5).
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M
A

N
A

G
E

M
E

N
T

A
N

D
C

O
N

T
R

O
L

O
F

U
R

B
A

N
W

A
T

E
R

P
O

L
L

U
T

IO
N

T
he cornerstone of any strategy for dealing

w
ith 

the 
grow

ing 
problem

 
of 

m
unicipal

w
ater pollution has to be the creation of a

firm
 and sustainable financial basis for the

operation of m
unicipal w

ater and w
astew

ater
utilities.

K
ey elem

ents include (a) adequate
pricing of m

unicipal w
ater and w

astew
ater

services;
(b) 

extending 
service 

charges 
to

cover all service beneficiaries,including insti-
tutional consum

ers;
and (c) increasing fee

collection efficiency.

T
he capital investm

ent requirem
ents to m

eet
foreseeable urban w

ater and w
astew

ater serv-
ices w

ill be enorm
ous,

and it is likely that
private sector participation w

ill be necessary
to help bridge the financing gap.H

ow
ever,

private sector participation does not elim
i-

nate the need to address the fundam
ental

problem
 of raising service charges.

In fact,
private sector participation w

ill not be feasible
unless service charges are raised to financially
viable levels.

From
 

a 
purely “pollution 

control”
point 

of view
,there are several actions that SE

PA
and the M

inistry of C
onstruction should

consider 
to 

increase 
the 

pressure 
for

im
provem

ent in the collection and treatm
ent

of 
m

unicipal 
w

astew
ater,

and 
to 

help
im

prove the finances of m
unicipal w

aste-
w

ater m
anagem

ent utilities:

■
T

he perform
ance of m

unicipal w
astew

ater
treatm

ent plants is generally poor,capacity
is frequently underutilized,and treatm

ent
efficiency is often low

.
SE

PA
 needs to

extend the scope of its pollution control
regulations to cover prim

ary and secondary
treated em

issions from
 m

unicipal w
aste-

w
ater treatm

ent plants (M
W

W
T

Ps).T
his

is not a sim
ple m

atter from
 a technical,

adm
inistrative,

or practical point of view
.

N
evertheless,

given the grow
ing im

por-
tance of such em

issions,a control strategy
needs to be developed and agreed upon as
soon as possible.In developing a strategy,
SE

PA
 w

ill need to (a) assess the geograph-
ical and size distribution of M

W
W

T
Ps;

(b) assess the current perform
ance of a

stratified random
 sam

ple of such plants;(c)
assess experience and procedures for regu-
lating 

discharges 
from

 
M

W
W

T
Ps 

in
other com

parable countries;(d) identify a
range of regulatory approaches tailored to
the urban structure w

ithin C
hina;and (e)

evaluate the staffing and cost im
plications 

of its im
plem

entation to form
 a basis for 

discussion w
ith other relevant agencies of

governm
ent,

particularly the M
inistry of

C
onstruction,

and 
for 

consideration 
by 

higher levels of governm
ent.
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■
D

evelop a m
odel “trade w

aste acceptance 
policy”

(T
W

A
P

) and related regulations
and procedures w

ith a view
 to encouraging

w
ater 

polluting 
industries 

to 
discharge

pre-treated w
astes into m

unicipal sew
ers

rather than directly into the environm
ent.

T
he benefits include (a) im

proved opera-
tional econom

ies of scale for the w
ater and

sew
erage utility,

w
hich w

ould charge an
acceptance fee for receiving the pre-treated
w

astew
aters;

and 
(b) 

reduction 
in 

the
num

ber of industrial point sources,w
hich

have to be m
onitored and regulated by the

environm
ental protection bureau.If im

ple-
m

ented,E
P

B
s w

ould only have to m
onitor

and 
regulate 

the 
discharge 

from
 

the
M

W
W

T
P,

rather than all the individual
discharges from

 the contributing enter-
prises.

T
his 

approach 
is 

not 
new

 
in

C
hina—

about 
one 

third 
of 

installed
m

unicipal w
astew

ater treatm
ent capacity is

already 
handling 

industrial 
w

astes—
but 

the 
suggested 

actions 
w

ould 
help

encourage this trend,
and also assist in

m
inim

izing adverse effects on collection
and treatm

ent system
s.

■
Prom

ote adoption of “appropriate”m
unic-

ipal w
astew

ater treatm
ent technologies to

reduce 
costs 

and 
provide 

a 
better 

fit
betw

een the financial and technical capac-
ity of different city adm

inistrations and
realistic environm

ental goals.For exam
ple,

in regions w
here land is not a constraint

and clim
atic conditions are suitable,

oxi-
dation 

ponds 
could 

replace 
activated

sludge system
s.

M
A

N
A

G
IN

G
N

O
N

P
O

IN
T

P
O

L
L

U
T

IO
N

N
onpoint pollution is the m

ost difficult of all
w

ater 
pollution 

m
anagem

ent 
and 

control
challenges.T

here are few
 if any countries in

the w
orld that can claim

 to have all dim
en-

sions of the problem
 under control.

T
he

problem
 

w
ill 

be 
particularly 

difficult 
to

address in C
hina because of its geographical

scale,the lack of effective land use m
anage-

m
ent controls,

and all the problem
s that

bedevil other dim
ensions of pollution m

an-
agem

ent and control.T
he governm

ent,
and

SE
PA

 in particular,need to be discrim
inating

in the problem
s they choose to attack,giving

preference to (a) those elem
ents w

here there
is at least som

e hope of m
aking progress both

technically 
and 

adm
inistratively;

and 
(b)

interventions w
ith a substantial “w

in-w
in”

elem
ent,w

here benefits additional to pollu-
tion control can reasonably be expected.
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T
he discussion below

 focuses on nutrient
runoff,pesticides,and discharges from

 inten-
sive livestock production.T

he issue of soil
erosion control is treated as a land m

anage-
m

ent problem
 and is discussed in C

hapter 2.

N
utrient 

runoff.
A

s 
described 

earlier,
eutrophication of the coastal lakes and seas
in C

hina is a serious problem
.

It has been
recognized for at least 10 years.T

he govern-
m

ent’s strategy has focused on cleanup of the
three priority lakes.T

here is little evidence
that the control strategies adopted to date
have had any m

easurable effect.

For the future,
the control strategy should

continue to be focused on the three priority
lakes, 26but m

ore em
phasis has to be placed on:

■
Im

proving 
environm

ental 
m

onitoring,
including m

onitoring of nonpoint sources to
im

prove understanding of underlying causes.

■
Im

proving coordination of the efforts of
different governm

ent agencies and,
m

ore
particularly,on the tim

ely and coordinated
flow

 of funds to perm
it each agency to

carry out its assigned tasks at the right
tim

e.
Form

ation of ad hoc m
anagem

ent
structures—

a leading group or a special-
ized project m

anagem
ent group w

ith the
authority to co-opt the participation of rel-
evant line agencies—

m
ay be required to

achieve this objective.

■
Incorporating “non-engineering”

control
activities—

increased agricultural extension
and 

other 
form

s 
of 

farm
er 

education,

increasing availability of com
pound fertil-

izers,
im

proved soil erosion control,
and

increased afforestation—
into the overall

control plan.

■
Strengthening the application of existing
law

s and regulations,
including pollution

control 
and 

land 
use 

planning/zoning 
regulations,before developing new

 ones.

■
R

estricting certain types of developm
ent

and activities that are know
n to exacerbate

the problem
s. 27

Pesticides.Im
proving the w

ays in w
hich pes-

ticides are produced,stored,transported,and
used requires strengthening the regulatory
system

,w
hich seem

s to be characterized by
com

plexity,overlapping responsibilities,con-
flicts of interest,and under-resourcing of the
institutions responsible for m

aintaining m
in-

im
um

 standards of quality,toxicity,and safe-
ty.N

otw
ithstanding som

e regulatory reform
s

introduced in 1997, 28further w
ork is required

to 
strengthen 

pesticide 
regulations 

and
farm

er education.For exam
ple:

■
T

he governm
ent has already prom

ulgated
new

 
regulations 

to 
rationalize 

pesticide 
m

anagem
ent,

but 
they 

did 
not 

go 
far

enough in defining the roles of the various
actors or separating regulatory and other
functions.

In any event,
the new

 regula-
tions have not been applied nationw

ide.
C

learly,there is a need to further strengthen
the regulatory function.T

he best w
ay to do

this 
w

ould 
be 

to 
centralize 

regulatory
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responsibilities w
ithin an institution such

as the M
O

A
 (such as the Institute for

C
ontrol 

of 
A

grochem
icals—

IC
A

M
A

),
provided that the M

inistry also w
ithdraw

s
com

pletely 
from

 
the 

pesticide 
retailing

business at all levels,including particularly
the county level.

■
T

here is a need to im
prove the aw

areness 
of farm

ers on all aspects of pesticide use
and 

m
anagem

ent,
and 

the 
quality 

and
effectiveness of advice being provided by
P

lant Protection Stations (PPS) on m
ini-

m
ization of the use of pesticides.T

here are
m

any sim
ple things that could be done in

this regard.For exam
ple,w

hile m
ost if not

all pesticides sold in C
hina m

ust include
hazard and safety inform

ation on their
labels,these are only provided in C

hinese,
m

aking the m
essages m

eaningless to the
m

inority farm
ers w

ho do not read C
hinese.

■
T

here are m
any good things about the

ecological aspects of the inform
ation and

training provided by the P
P

S in C
hina, 29

but it is also clear that it needs to adapt 
to 

new
 

circum
stances.

Integrated 
Pest

M
anagem

ent (IP
M

) has been successfully
tried in parts of C

hina on crops such as
rice and cotton,but it is not clear that the
plant protection com

m
unity as a w

hole has
fully accepted it as an approach that is fea-
sible in the C

hinese situation.T
here is little

doubt that the IP
M

 approach results in
significant reductions in the use of pesti-
cides and im

provem
ents in the health of

farm
ers.T

hus far,
there is no substantive

evidence that it significantly increases the
risks 

of 
catastrophic 

pest 
attacks.

T
he

M
O

A
 needs to give m

ore support to IP
M

,
particularly in sub-sectors—

rice,
cotton,

and 
certain 

types 
of 

horticulture—
that appear to be suffering from

 excessive
pesticide application.

■
 T

he M
O

A
 has the prim

ary responsibility 
for im

plem
enting m

ost actions needed to
im

prove the m
anagem

ent and use of pesti-
cides in C

hina.H
ow

ever,SE
PA

 also has a
role in developing a better understanding 
of the environm

ental effects of pesticide 
contam

ination through a targeted program
 

of both am
bient environm

ental m
onitor-

ing (including groundw
ater and surface

w
aters w

ith lim
ited m

ixing and/or assim
-

ilative capacity,w
here residue problem

s are
m

ost likely to occur);testing for residues in
food products;and m

onitoring of applica-
tion levels associated w

ith the observed
am

bient levels and residue levels.

W
astes from

 intensive anim
al production.

G
iven the existing and future significance of

em
issions from

 intensive anim
al production

units,there is little doubt that it w
ill be nec-

essary to include at least the larger produc-
tion units w

ithin the point-source-pollution
regulatory system

.
Som

e provinces appear
already to be taking regulatory action on
their ow

n account. 30
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G
iven the actual and potential future scale of

this issue,it is recom
m

ended that SE
PA

 and
M

O
A

 actively develop a national policy on
regulation of this sector.Som

e key elem
ents

should include:

■
 T

he strategy should involve elem
ents of 

both 
prevention,

such 
as 

prohibiting 
developm

ent of certain types of intensive
livestock production units in certain areas,
and regulation,such as applying em

ission
controls to operating enterprises.

■
 For practical reasons,the initial regulatory
approach should be restricted in scope.It
should focus probably on either geograph-
ical areas having particular concentrations
of 

intensive 
anim

al 
production 

units,
and/or areas that are particularly sensitive
to high levels of anim

al w
aste discharge,

including densely populated urban areas or
catchm

ents 
w

ith 
lim

ited 
assim

ilative
capacity.A

s m
entioned,som

e jurisdictions
are already taking action in this regard,and
this m

ay continue to be a m
atter to be

addressed 
by 

local 
(provincial) 

E
P

B
s,

depending on their ow
n circum

stances and
provided that the im

plications of inaction
do not affect other provinces.In such cir-
cum

stances,SE
PA

’s role w
ould be to pro-

vide guidance on regulatory options and
dissem

ination of best practices.

■
 For the great m

ajority of the sector—
the 

70-80 percent w
ho are backyard producers 

or Specialized Production H
ouseholds—

the focus of effort should be on education 

and 
dissem

ination 
of 

best 
practices

through anim
al husbandry bureaus of the

M
inistry 

of 
A

griculture,
w

hich 
already

prom
ulgates standard designs of house-

hold-level production units.E
nvironm

ental
specialists should review

 these designs to
see if there are opportunities for im

prove-
m

ents.It should be noted that the govern-
m

ent has already developed sm
all-scale

livestock production system
s,

w
hich not

only 
provide 

w
ays 

of 
recycling 

anim
al

w
astes,but also incorporate straw

 am
m

o-
niation technologies that avoid the need to
burn off crop residues,thus reducing T

SP
em

issions.T
his is a classic w

in-w
in tech-

nology 
that 

produces 
direct 

econom
ic 

benefits to farm
ers and reduces both air 

and w
ater pollution.
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N
otes

1.T
he seven m

ain “out-flow
ing”river system

s are the
Songhua,L

iao,H
ai,H

uai,H
uang (Yellow

),C
hang

(Yangtze) and Z
hu (Pearl).T

hese rivers drain about 
45 percent of C

hina’s land area and account for about 
54 percent of its freshw

ater resources.

2.T
he data need to be treated w

ith som
e skepticism

.
T

hey also show
,for exam

ple,that there w
ere no class I/II

m
onitoring sections w

ithin the Songhua throughout the
1990s,w

hich is not credible.T
he m

onitoring sections m
ay 

be focused around the m
ain developm

ent centers,and hence
m

ay not be representative of the river system
 as a w

hole.

3.M
W

R
 w

ater quality data for the H
uai R

iver B
asin 

show
 that in 2000,85 percent of m

onitoring stations w
ere

classified as V
/V

+ w
hile the rem

ainder w
ere C

lass III/IV
,

indicating considerable deterioration in 1998 and 1999.

4.X
injiang,G

ansu,Q
inghai,N

ingxia,and Inner M
ongolia.

5.A
bout 35 percent of C

hina’s land area and 27 percent of
its runoff is contained w

ithin four large,internally draining
(closed) basins,all of w

hich are located in the w
estern part 

of C
hina:X

injiang,G
ansu-Inner M

ongolia,the Q
aidam

B
asin (in Q

inghai Province),and northern T
ibet.Surplus

runoff in these basins is either lost as evaporation or soaks
into the desert,w

here it recharges groundw
ater.

6.In heavily polluted environm
ents,reservoirs accum

ulate
pollutants,w

hich m
ay then be released in large “slugs”

w
hen the reservoir contents are discharged under either 

norm
al operating procedures (such as for irrigation or 

pow
er generation) or under em

ergency conditions (such as
during flood events).T

he greater the degree of regulation,
the greater the potential for adverse im

pacts due to the
release of pollutant slugs.

7.T
he 1997 per capita consum

ption level is about tw
ice 

as high as rates in cities in other countries of sim
ilar incom

e
(W

orld B
ank et al.2001).Part of the apparent high con-

sum
ption level m

ay be a consequence of underestim
ation 

of the populations served by m
unicipal w

ater com
panies,

and part m
ay be attributable to leakage,w

hich is often 
high in C

hina (as m
uch as 30-40 percent in som

e older
urban system

s).

8.B
ox 1.1 provides further inform

ation on industrial 
groupings and term

inology in C
hina.

9.T
hese included “T

em
porary R

egulation for W
ater

Pollution Prevention in H
uai R

iver B
asin”(1995),the 

“H
uai R

iver B
asin W

ater Pollution C
ontrol P

lan”(1996),
and general State C

ouncil-issued “D
ecision on the Issues 

of E
nvironm

ental Protection”(1996).

10.P
ulp and paper,food processing,chem

ical production,
textiles,leather tanneries,and m

ining.

11.P
ulp and paper,food processing,chem

ical industry,
and textiles.

12.SE
PA

’s national data are not necessarily supported by
m

ore detailed surveys in river basins such as the H
uai and

H
ai,w

hich suggest that the industrial C
O

D
 contribution 

is still outw
eighing the m

unicipal contribution.“B
ack of 

the envelope”estim
ations tend to support SE

PA
’s view

.

13.For exam
ple,detailed assessm

ents in the catchm
ent of

C
hao L

ake in A
nhui Province indicate that farm

ers in som
e

areas are applying chem
ical fertilizers at rates as high as

2,000 kg/ha./year.(E
cology and E

nvironm
ent Inc.,1999).

14.Yunnan E
P

B
’s estim

ates are low
er but still significant;

33 percent for N
 and 41 percent for P.

15.D
ianchi L

ake in Yunnan province,C
hao L

ake in A
nhui

province,and T
ai L

ake in Jiangsu province.
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16.Prim
arily organophosphates (O

Ps) and organochlorines
(O

C
s) such as benzene hexachloride (B

H
C

),dichlorvos,
dim

ethoate,and D
D

T.

17.H
ighly to extrem

ely hazardous.

18.M
orton (1999) reports cases of cotton farm

ers (in
Shandong) spraying 14 to 20 tim

es per season for control 
of cotton bollw

orm
 in 1995 (up from

 3 to 4 sprayings in 
the late 1980s).H

uang et al (2000) undertook detailed 
surveys in Z

hejiang Province,w
hich indicated that farm

ers
w

ere applying pesticides tw
o to three tim

es m
ore frequently

than their counterparts elsew
here in either east or south

A
sia,and w

ere applying betw
een 40 percent and 70 percent

m
ore pesticide than could be justified in purely econom

ic
term

s.O
ther w

ork,am
ong rice farm

ers in Sichuan Province
(M

angan and M
angan,1998),show

ed that farm
ers could

reduce spraying frequency by about 40 percent w
ithout 

having any im
pact on yields,reinforcing the view

 that 
m

any farm
ers have an exaggerated view

 of the risks 
posed by pests and,as a result,over-apply pesticides.

19.For exam
ple,the num

ber of pesticide-resistant insect
species in C

hina is reported to have increased significantly
over the last 60 years,as follow

s:1938–7,1948–14;
1963–157;1971–225;1980–432.

20.T
he rem

ainder of production com
es from

 sm
all-scale

household units,typically w
ith less than tw

o sow
s,w

ho 
generally recycle their production w

astes through the 
household farm

ing system
,presenting no m

ajor threat 
to the environm

ent.

21.C
hina already has seven R

iver B
asin C

om
m

issions
(R

B
C

s),w
hich in theory should provide the m

eans for 
ensuring integrated m

anagem
ent of m

ulti-provincial river
basins,but w

hich in fact do not.O
ne of the key failings of

the R
B

C
s is that they are adm

inistrative departm
ents of the

M
inistry of W

ater R
esources and are not generally perceived

as adequately representing the interests of all parties to 
w

ater resources m
anagem

ent w
ithin their areas of operation.

22.T
he W

ater L
aw

 and its regulations m
ake provision for

application of a w
ater resources charge,m

aking C
hina one 

of only a few
 countries in the w

orld w
ith such provisions.

23.It is virtually im
possible to establish any relationship

betw
een changes in pollution discharges and trends in 

am
bient w

ater quality in any of the river basins in C
hina.

T
his is indicative of deficiencies in the m

onitoring system
s.

M
ain contributing factors include insufficient m

onitoring
frequency,lack of flow

 m
onitoring,and inadequate Q

A
/Q

C
procedures.

24.A
 great deal of research has been carried out in the

industrialized countries over the past 50 years on how
 to

im
prove perform

ance of the rapid sand filtration system
s,

w
hich are com

m
only used for treating raw

 w
aters to produce

an effluent of drinking w
ater quality.R

esearch has focused
on the use of new

 flocculation agents.A
s a result,it is now

feasible to produce quality drinking w
ater using raw

 w
ater of

considerably low
er quality than,say,in 1950.A

m
bient stan-

dards in C
hina have not been adjusted to reflect this reality.

25.T
he levy currently am

ounts to about 20 percent to 
50 percent of the treatm

ent cost,and can be as low
 as 

10 percent for som
e industries (W

orld B
ank et al.2001).

26.A
s for the question of eutrophication of the coastal seas,

the strategy has basically been to im
prove m

onitoring.T
here

is little if anything that can be done to directly control the
problem

.T
he coastal seas are shallow

,the m
ajority are quite

w
arm

,and tidal exchange in m
any is low

,so they are predis-
posed to eutrophication.T

hey receive about 45 percent of the
total runoff of C

hina,w
hich contains not only the nutrient

em
issions from

 the overw
helm

ing m
ajority of the national

agricultural production,but also those contained in the com
-

bined hum
an w

astes of perhaps 400 to 500 m
illion urban and

sem
i-urban residents.It is difficult to im

agine w
hat strategy

could be devised to have a m
easurable im

pact on this prob-
lem

.Im
provem

ent is likely to be very slow
 and increm

ental.
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27.A
s one exam

ple,consideration should be given to devel-
oping a policy to restrict the phosphate content of household
detergents m

anufactured and/or sold in C
hina.T

he issue is
not sufficiently clear-cut to justify an outright ban,but there
w

ould certainly be value in considering applying w
holesale

restrictions,w
ith perhaps outright prohibitions in high-

priority regions such as the catchm
ents of the three lakes.

28.T
hrough a new

 set of “R
egulations on Pesticide C

ontrol”
(1997),w

hich established new
 guidelines on pesticide 

m
anufacture,transportation,sale,and use w

ith the aim
 

of “protecting agricultural and forestry production and 
ecological environm

ent and safeguarding hum
an and 

anim
al health”(A

rticle 1).

29.T
he M

inistry of A
griculture discourages calendar 

spraying through its com
prehensive pest m

onitoring system
,

prom
otes safe application approaches (such as painting 

certain pesticides onto the stem
s of plants rather than 

spraying),and encourages ecological approaches to 
pest control (such as planting “guard crops,”use of sex
pherom

ones to attract and trap fem
ales insects,and 

prom
otion of eco-agriculture to increase soil biodiversity 

and plant health).

30.For exam
ple,a survey of 94 large to very large intensive

anim
al production enterprises in four provinces (Z

hang et 
al,1999) show

ed that,on average,about 10 percent of the
surveyed enterprises w

ere being levied charges for discharge
of pollutants and about 13 percent had been required to 
prepare plans and propose deadlines for bringing their 
pollutant discharges into line w

ith relevant standards.T
he

survey also show
ed that quite a large proportion of solid

w
astes generated by these enterprises,typically in the order

of 55–65 percent,w
as being treated or re-used in som

e w
ay,

either being sold as fertilizer or used for biogas production.
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A
ir pollution is a m

ajor health issue in
C

hina.
Studies have linked the high inci-

dence of prem
ature deaths in C

hina to seri-
ous 

am
bient 

and 
indoor 

air 
pollution

(W
orld B

ank 1997).In 1999,only one third
of C

hina’s 338 m
onitored cities w

ere in
com

pliance 
w

ith 
the 

nation’s 
residential

am
bient 

air 
quality 

criteria. 1
Indoor 

air 
pollution is also a serious problem

:
about 

80 percent of C
hina’s people still use solid

fuels such as coal,firew
ood,and crop stalks

for 
cooking 

and 
space 

heating,
w

hich 
can lead to serious indoor air pollution in
inadequately ventilated buildings.

A
ir pollution is a m

ajor ecological issue in
C

hina.A
bout one third of C

hina’s territory
is affected by acid rain,w

hich can retard for-
est and crop grow

th and endanger aquatic
life.C

hina’s grow
ing energy dem

and and its
reliance on coal pose difficult challenges to
im

proving air quality and reducing acid dep-
osition,as w

ell as its efforts to reduce carbon
dioxide em

issions,
the m

ain contributing
factor to global w

arm
ing.

M
ain Pollutants,

Em
ission Sources,

and Em
ission Trends

M
easured by the frequency and degree of

non-com
pliance w

ith standards,
total sus-

pended particulates (T
SP

) are C
hina’s m

ost
significant air pollutant,

follow
ed by sulfur

dioxide (SO
2 ).A

 m
ore accurate m

easure of
particulate pollution is fine particulate m

at-
ter—

that is,particulate m
atter w

ith a diam
-

eter of less than 10 m
icrons

2,or P
M

10 .P
M

10
m

onitoring data are scarce in C
hina,so it is

difficult to definitively assess the problem
.

B
ased on correlations betw

een P
M

10
and

T
SP

 in other data sets,
P

M
10

is the m
ost

im
portant air pollutant in C

hina,
both in

term
s of frequency and range of violations of

N
ational A

m
bient A

ir Q
uality Standards

(N
A

A
Q

S).It is also the m
ost dam

aging air
pollutant in term

s of health costs.
M

ore
recently,

rapid expansion of m
otor vehicle

fleets in large cities has heightened am
bient

pollution 
by 

carbon 
m

onoxide,
nitrogen

oxides,and related pollutants.

E
nergy 

consum
ption,

especially 
coal

consum
ption,is the m

ain source of anthro-
pogenic air pollution em

issions in C
hina.

M
ost sulfur dioxide em

issions com
e from

this source,as do all soot em
issions,w

hich
account for m

ore than half of particulate
em

issions.
N

ational survey data show
 that

throughout the 1990s there w
ere continuous

im
provem

ents in em
ission control am

ong

4
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m
edium

 
and 

large 
industrial 

enterprises
(essentially 

C
A

O
E

s).
Sm

all 
industrial 

enterprises (essentially T
V

IE
s) also m

ade
im

provem
ents during the decade,although

not to the sam
e degree as the larger enter-

prises.A
s show

n in F
igure 4.1,they are now

the m
ain source of particulate em

issions
(soot plus industrial fugitive dust).M

edium
and large industrial enterprises dom

inate
SO

2
em

issions,
prim

arily 
because 

of 
the inclusion of pow

er plants w
ithin this

category.R
esidential and com

m
ercial em

is-
sions,

w
hile relatively sm

all com
pared to

industrial 
em

issions,
usually 

cause 
m

uch
m

ore significant pollution effects because of
their low

 em
ission height and proxim

ity to
residential areas.

O
verall,national pollution survey data also

show
 that total em

issions of m
ajor air pollu-

tants such as sulfur dioxide,soot, 3and indus-
trial fugitive dust peaked in the m

id 1990s
and have been falling ever since (see F

igure

4.2).Part of this w
as due to declining coal

consum
ption,

but 
im

proved 
pollution 

control w
as also an im

portant factor.
T

he
tw

o factors can be differentiated by com
par-

ing reductions in SO
2

em
issions prior to

1998,
w

hen they w
ere not regulated,

w
ith

reductions in soot and fugitive dust,w
hich

w
ere regulated.T

he 10 percent reduction in
total SO

2
em

issions betw
een 1995 and 1999

(see F
igure 4.2) can thus be attributed to

reduced coal consum
ption and other non-

regulatory factors.T
he greater reductions in

soot (38 percent) and fugitive dust (33 per-
cent) can be attributed to the increm

ental
effects of regulatory pressure.

C
oal-burning still is the chief contributor to

air pollution in C
hina.

B
ut air pollution

from
 

m
otor 

vehicle 
em

issions,
m

ainly 
a

problem
 in very large cities at the present

tim
e,is grow

ing fast and is likely to becom
e

a m
ajor and m

uch m
ore w

idespread urban
pollution 

problem
 

in 
the 

next 
10 

years.
D

espite rapid gasification in m
any urban
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Figure 4.1  Trends in Industrial Particulate 
Em

issions, 1989-98

All Industry
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 CAO
Es
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 TVIEs

Million Metric Tons

Sources: ZTN
 (1999); PRCEE, CN

EM
C, and CRAES (2001a).
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Figure 4.2  Trends in Annual Em
issions of 

M
ajor Air Pollutants, 1989-99
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2
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Million Metric Tons

Sources: ZTN
 (1999); PRCEE, CN

EM
C, and CRAES (2001a).
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areas,indoor air pollution due to dom
estic

use of coal or solid biom
ass still affects hun-

dreds of m
illions of people,

m
ost of them

am
ong the urban poor and the rural popula-

tion.
N

otw
ithstanding the im

portance of
pollution regulation and control,substantial
im

provem
ents in am

bient and indoor air
quality w

ill also depend on im
provem

ents
being m

ade in energy m
ix,energy consum

p-
tion patterns,and energy efficiency.

Am
bientAir 

Q
uality Trends

A
m

bient air quality in m
any urban areas

show
ed signs of im

provem
ent betw

een 1991
and 1998.R

eported m
onitoring data for 60

m
edium

 and large cities show
 that 40 cities

experienced reductions in concentrations of
T

SP,and 50 saw
 low

ered SO
2 .T

he num
ber

of cities m
eeting C

lass 2 N
A

A
Q

S for T
SP

and SO
2

also increased. 4

A
m

bient SO
2

levels declined significantly.
T

he m
edian SO

2
concentration in 32 cities

w
ith m

ore than 1 m
illion non-agricultural

population (N
A

P
)

5dropped from
 100 to 62

m
icrogram

s 
per 

cubic 
m

eter 
(µg/m

3)
betw

een 1991 and 1998. 6
For the other 28

m
edium

 and large-sized cities,w
ith an N

A
P

betw
een 281,000 and 971,000, 7the m

edian
concentration 

dropped 
from

 
50 

to 
32

µg/m
3. 8For the population in these 60 cities

as a w
hole,

the total hum
an exposure to

am
bient SO

2
pollution above the C

lass 2
standard dropped by 45 percent betw

een

1991 and 1998. 9
A

n equivalent decline in
SO

2 -related health dam
ages is likely,assum

-
ing a linear dose-response relationship.

A
m

bient T
SP

 levels dropped slightly,
but

rem
ained high in m

ost urban areas.
T

he
m

edian concentration level in the 32 largest
cities 

dropped 
from

 
334 

to 
324 

µg/m
3

betw
een 1991 and 1998,w

hile the m
edian

concentration 
in 

the 
28 

sm
aller 

cities
declined from

 260 to 215 µg/m
3.In a few

large cities,there w
ere significant increases

in T
SP.

For exam
ple,

annual average T
SP

concentrations in B
eijing and T

ianjin rose
from

 307 and 247 µg/m
3

in 1991 to 379 and
339 µg/m

3
in 1998,respectively.For the 60

cities as a w
hole,the total hum

an exposure
to am

bient T
SP

 pollution above the C
lass 2

standard actually increased by about 2 per-
cent betw

een 1991 and 1998.T
his w

as due
to the fact that the increase in population
outw

eighed the reduction in am
bient levels.

N
itrogen 

oxide 
(N

O
x ) 

levels 
w

orsened,
reflecting the grow

ing im
pact of vehicular

em
issions.Few

er cities w
ere in com

pliance
w

ith the class 2 N
A

A
Q

S for N
O

x
in 1998

than in 1991.From
 1991 to 1998,the m

edi-
an concentration in the 32 largest cities
increased slightly from

 55 to 57 µg/m
3.T

he
28 

sm
aller 

cities 
also 

experienced 
m

inor
increases,

rising from
 34 to 37 µg/m

3.
In

general,N
O

x
pollution is relatively low

,but
in a few

 large m
etropolises—

such as B
eijing,

Shanghai,and G
uangzhou—

concentrations
of N

O
x

exceed the C
lass 2 standard by a fac-

tor of 2 or m
ore.A

m
ong the 60 cities w

ith

4
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reported 
m

onitoring 
data,

total 
hum

an
exposure to am

bient N
O

x
levels above the

C
lass 2 level increased alm

ost 60 percent
betw

een 1991 and 1998,w
ith virtually all of

the
increase occurring in the 32 largest cities.

In general,sm
all cities are no better off in

term
s of am

bient air quality than large and
m

edium
 cities.T

his is because sm
all cities

are m
ore reliant than large cities on coal in

their 
residential 

and 
com

m
ercial 

sectors.
T

he data suggest that air pollution levels in
general have risen slightly in sm

all cities (see
T

able 4.1).

Table4.1
Trends in Am

bientAir Q
uality 

in Sm
all Cities,1990-98

SO
2

TSP
N

O
x

1990
65

327
26

1998
71

330
33

N
ote:D

ata are annual arithm
etic m

eans (µg/m
3) of am

bient
m

onitoring data for 135
county-level cities

Source:PRCEE,CN
EM

C,and CRAES (2001a)

A
m

bient levels of other pollutants such as
carbon m

onoxide (C
O

),
ozone (O

3) and
lead (P

b) are not system
atically m

onitored
and the trends are not know

n.
H

ow
ever,

gasoline-related 
lead 

pollution 
has 

been
effectively dealt w

ith in the past three years
as 

the 
ban 

on 
sales 

of 
leaded 

gasoline
expanded 

nationw
ide 

from
 

m
ajor 

cities.
A

ccording to the governm
ent’s schedule,

a
com

plete national ban on production and
sales of leaded gasoline becam

e effective on
July 1,2000.

It is im
portant to em

phasize the serious T
SP

levels prevalent in all C
hinese cities.

T
he

problem
 is becom

ing m
ore pronounced as

am
bient SO

2
levels decline,

especially in
large cities.

T
he persistence of high-level

T
SP

 pollution also suggests that there are
im

portant contributing factors other than
coal consum

ption.For exam
ple,T

SP
 com

-
position studies have show

n that dust from
construction sites and w

ind-blow
n soil is an

im
portant contributing factor in som

e cities
(see T

able 4.2).

From
 a hum

an health perspective,fine par-
ticulates are the m

ost dam
aging airborne

pollutant. 10L
im

ited m
onitoring data suggest

that the level of fine particulate pollution 
in 

urban 
areas 

is 
high 

(see T
able 

4.3).
U

nfortunately,
the effort to m

onitor fine
particulate pollution has only just begun,
and a general profile based on com

prehen-
sive 

m
onitoring 

inform
ation 

is 
not 

yet 
available.

H
ow

ever,
if it is assum

ed that
about 60 percent of T

SP
 com

prises P
M

10 ,
fine particulate pollution levels in C

hinese
cities are very high in com

parison to national
C

lass 2 standards.

Interpreting 
the 

am
bient 

data 
for 

urban
areas is com

plicated by the fact that the air
quality m

onitoring netw
ork has not been

adjusted to reflect the changing patterns of
urban developm

ent.
For exam

ple,
C

hina’s
built-up area grew

 by 50 percent betw
een
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1991 and 1998,but the num
ber and location

of 
am

bient 
urban 

m
onitoring 

stations
rem

ained unchanged.T
he m

onitoring data
thus reflect conditions in the inner cities
rather than the cities as a w

hole.T
he m

oni-
toring 

data 
m

ay 
not 

adequately 
account 

for possible m
igration of certain sources of 

pollution to the suburbs as a result of inner-
city 

clean-up 
cam

paigns 
and 

industrial 
relocation,

or for the developm
ent of new

,
sm

all enterprises in “peri-urban”areas.

Indoor Air Pollution
T

here is a substantial lack of m
onitoring

data or statistical inform
ation about indoor

air 
pollution,

but 
im

provem
ents 

in 
fuel 

quality suggest that indoor air pollution
caused 

by 
fuel 

com
bustion 

m
ay 

have
declined significantly.

A
s of 1998,

there
w

ere over 156 m
illion urban residents using

gaseous fuels for cooking and w
ater heating,

up from
 about 40 m

illion in 1991.T
he fuel

m
ix used by rural households also im

proved
due 

to 
increased 

use 
of 

coal 
briquettes 

4
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Table4.2
Sources of Total Suspended Particulates in Selected Cities

City (season)
PercentContribution to TSP

Coal-burning
Sm

elting
Construction

Soil
O

ther

Xian (1997
sum

m
er)

20.6
6.0

22.7
42.2

8.5

Xian (1998
w

inter)
38.3

2.6
18.0

37.2
3.9

Taiyuan (1991sum
m

er)
14.3

6.9
16.4

58.8
3.6

Taiyuan (1991w
inter)

40.8
10.2

10.0
35.2

3.8

Changzhou (1992)
24.9

2.5
25.8

29.4
17.4

Source:Xian data from
 Xian Environm

ental Protection Research Institute,1998.Taiyuan data from
 Journal of 

H
ygiene Research,Vol.24,N

o.4,1995.Changzhou data from
 N

anjing U
niversity Academ

ic Journal,Vol.32,1996.

Table 4.3
Fine Particulate Concentrations vs.TSP concentrations in Selected Cities,1998 (annual averages)

PM
10

TSP 
City

Am
bient

Class 2
M

ultiple
Am

bient
Class 2

M
ultiple

concentration
standard

of the 
concentration

standard
of the 

(µg/m
3)

(µg/m
3)

standard
(µg/m

3)
(µg/m

3)
standard

Shijiazhuang
201

100
2.0

349
200

1.7

Tangshan
228

100
2.3

352
200

1.8

G
uangzhou

143
100

1.4
205

200
1.0

Source:PRCEE,CN
EM

C,and CRAES (2001a).
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and 
gaseous 

fuels 
(biogas 

and 
liquefied

petroleum
 gas) and decreased use of raw

coal and solid biom
ass.

N
evertheless,hundreds of m

illions of people
are still using solid fuels for cooking and/
or 

space 
heating.

T
he 

serious 
health 

consequences of indoor air pollution due to
com

bustion of coal and other solid fuels
have been docum

ented in m
ajor case studies

in C
hina (H

e and Yang 1994),
and by 

studies in other countries (Sm
ith 1993). 11

It has been estim
ated that up to 700,000

prem
ature deaths per year in C

hina could be
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Table 4.4
Levels of Indoor Air Pollutants in Chinese Residences

Class 2 N
AAQ

S 
Param

eter
Fuel Type U

sed
U

rban H
ouseholds

Rural H
ouseholds

hourly average

TSP
Coal 

210 – 2,800
10 – 20,000

N
otavailable

G
as

150 – 510
190

Biom
ass

170 – 2,600

PM
10

Coal 
160 – 2,700

120 – 26,000
N

otavailable
G

as
140 – 450

—
Biom

ass
—

830 – 22,000

CO
Coal 

580 – 97,000
700 – 87,000

10,000
G

as
220 – 36,000

2,400
Biom

ass
—

500 – 16,000

SO
2

Coal 
10 – 5,800

10 – 23,000
500

G
as

10 – 1,300
20 – 70

Biom
ass

—
10 – 9,100

N
O

x
Coal 

10 – 1,800
10 – 1,700

150
G

as
10 – 880

30 – 50
Biom

ass
—

10 – 320

BaP
Coal 

30 – 19,000
530 – 1,900,000

N
otavailable

G
as

470 – 9,300
—

Biom
ass

—
370 – 310,000

N
ote:D

ata are arithm
etic m

eans (µg/m
3) over single m

onitoring periods 
for individual households using differentcooking and heating fuels as reported 
in a range of published research articles.

Source:Sinton etal.(1995).
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attributable to indoor air pollution (W
orld

B
ank 1997,M

urray and L
opez 1996).T

he
lack of a national assessm

ent m
akes it difficult

to truly gauge the severity of indoor air 
pollution in C

hina,
but there are som

e
indicative data (T

able 4.4) suggesting that
indoor air pollution in households using solid
fuels still constitutes a serious health risk.

T
he level of indoor air pollution attributable

to fuel com
bustion is determ

ined m
ainly by

fuel quality,burner technology,and ventila-
tion.Studies have show

n that w
hen burning

solid fuels w
ith good flue gas ventilation,

indoor air pollution levels can be reduced by
over 90 percent (H

e and Yang 1994).T
his

inference can be draw
n from

 the w
ide range

of m
easured concentration levels in T

able
4.4.Sw

itching to electricity or gaseous fuel
m

ay be the best (and m
ost expensive) option,

but large,low
-cost reductions in indoor air

pollution can also be achieved through sim
ple

strategies such as im
proving ventilation.

Acid D
eposition

T
he level of acid deposition

12
peaked in

1996 
and 

fell 
thereafter,

follow
ing 

the 
trajectory of overall coal consum

ption.B
ut

this short-term
 trend by no m

eans indicates
that C

hina has turned the tide against acid
deposition.

T
he 

“tw
o 

control 
regions”

13

program
 w

as launched in 1998,
and m

ost
w

ork to date has been in planning and
preparation for im

plem
entation.

T
he area affected by acid rain increased sig-

nificantly betw
een the early 1980s and the

m
id 1990s.In addition,the geographic dis-

tribution of acid deposition changed.
T

he
southw

est 
hotspots,

represented 
by 

cities
such as C

hongqing and G
uiyang,

experi-
enced som

e m
oderation in the acidity of acid

rain.T
he central C

hina region,represented
by 

cities 
such 

as 
C

hangsha,
Z

huzhou,
G

anzhou,
and 

N
anchang,

surpassed 
the

southw
est 

in 
acid 

deposition 
levels 

and
becam

e the m
ost severely affected region.

B
ecause 

of 
the 

decline 
in 

overall 
acid 

deposition,the overall national situation has
stabilized since the m

id-1990s.

H
um

an-induced acid deposition in C
hina is

m
ainly 

associated 
w

ith 
SO

2
em

issions,
w

hich are a function of the predom
inance of

coal in the fuel m
ix and the prevalence of

coal w
ith relatively low

-tem
perature com

-
bustion characteristics.T

he balance betw
een

sulfuric acid and nitric acid is about 85:15,
w

hich contrasts w
ith the U

S and Japan,
w

here sulfuric acid accounts for 50 percent
or less of total acid.

T
w

o developm
ents w

ill likely shape acid
deposition m

itigation activities in the future.
L

arge point sources,m
ainly coal-fired pow

er
plants,

have becom
e the largest source of

em
issions,

and w
ill probably becom

e the
dom

inant contributors to acid deposition in
the next 20 years as the share of end-use coal
consum

ption continues to decline.B
ecause

of the long-distance transport potential of
pow

er plant em
issions,the geographical area
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affected m
ay increase.T

here is also likely to
be an increase in the share of nitric acid in
total acid loading because of increasing N

O
x

em
issions from

 high-tem
perature com

bus-
tion in new

er pow
er plants.

G
lobal Environm

ental
Concerns
In term

s of air em
issions,C

hina’s tw
o m

ost
im

portant 
global 

environm
ental 

concerns
are C

O
2

from
 burning fossil fuels and the

production 
and 

consum
ption 

of 
ozone-

depleting substances (O
D

S).
C

hina’s long-
held policy in energy conservation has m

ade
a real and significant contribution to reduc-
ing global C

O
2

loading relative to grow
th in

either G
D

P
 or energy consum

ption.
Fuel

diversification has also reduced the carbon
intensity of C

hina’s energy m
ix.T

hrough its
participation in im

plem
enting the provisions

of 
the 

M
ontreal 

P
rotocol,

C
hina 

also 
successfully froze O

D
S production and con-

sum
ption in 1999 at the average of the levels

achieved betw
een 1995 and 1997.

G
row

th in energy dem
and,particularly coal

dem
and,

increased rapidly during the first
half 

of 
the 

1990s,
but 

turned 
negative

betw
een 1996 and 1999.A

s a result,grow
th

of energy-related C
O

2
em

issions w
as signif-

icantly less than had been previously project-
ed, 14although still significant—

a 21 percent
increase from

 610 to 740 m
illion tons of 

carbon betw
een 1990 and 1998.

C
hina’s

global share of C
O

2
em

issions increased
from

 10 percent to 12 percent during the
1990s.

T
he U

SA
 also increased its global

share during the 1990s from
 23 percent to

24 
percent,

w
hile 

the 
rest 

of 
the 

w
orld

reduced 
its 

contribution 
com

m
ensurately

(see F
igure 4.3).

A
lm

ost 
all 

recent 
reductions 

in 
coal 

consum
ption—

as m
uch as 55 m

illion tons of
coal equivalent—

occurred in end-use sectors
(Sinton 

and 
Fridley 

2000).
Structural

changes,
fuel 

sw
itching 

and 
technical

im
provem

ents are all w
orking to m

oderate
the m

om
entum

 of future grow
th in coal

dem
and,especially for final users.In the next

20 years,the pow
er sector could becom

e the
dom

inant coal user,
accounting for 50 per-

cent or m
ore of total coal consum

ption.
U

nless there is a m
ajor shift in transportation
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technology from
 internal com

bustion engines
to fuel cells or other low

-carbon alternatives,
C

hina’s oil dem
and could double in the next

20 years.If these developm
ents m

aterialize,
m

ost of the future grow
th in C

O
2 em

issions
w

ill com
e from

 these tw
o sectors.

C
hina’s consum

ption of O
D

S grew
 by m

ore
than 12 percent per annum

 from
 1986 to

1994,
peaking in 1995 at 105,070 tons of

ozone depleting potential (O
D

P
). 15

A
fter

O
D

S in developed countries w
ere phased

out 
by 

1995,
C

hina 
becam

e 
the 

w
orld’s

largest 
O

D
S 

producer 
and 

consum
er.

Production and consum
ption in 1997 w

ere
95,760 tons of O

D
S and 87,620 tons of

O
D

P
:

in 1999,
they w

ere supposed to be
frozen at about 88,660 tons of O

D
S and

91,250 
tons 

of 
O

D
P.

C
hina 

could 
still

achieve its original com
m

itm
ent to phase out

O
D

S production com
pletely by 2010,

but
there are still issues that could cause delays.
O

ne source of uncertainty is the em
ergence

of O
D

S in previously unidentified sectors. 16

Key Air Pollution Issues,
Policy Im

plications,and
Recom

m
ended Actions

C
hina has progressively built its capacity in

air pollution m
anagem

ent.T
he first air pollu-

tion law
 w

ent into effect in 1987.It has since
been am

ended tw
ice—

1995 and 2000—
to

add teeth and cover new
ly em

erging issues.
T

he 2000 am
endm

ent includes several new

m
andates that w

ill enhance future air quality
m

anagem
ent,including the endorsem

ent of
em

ission fees and em
ission perm

its,both of
w

hich are potentially im
portant regulatory

instrum
ents.C

hina has also m
ade significant

gains in adjusting its fuel m
ix due to large

investm
ents in residential fuel sw

itching,and
in energy efficiency through technical inno-
vation and structural adjustm

ent.T
hese pro-

environm
ent energy policies have provided

significant 
support 

to 
the 

air 
quality

im
provem

ent agenda.

N
evertheless,

C
hina still faces great chal-

lenges.
M

any of its cities have concentra-
tions of fine particulates and sulfur dioxide
that 

are 
am

ongst 
the 

w
orld’s 

highest.
H

undreds of m
illions of people are affected

by indoor air pollution due to the use of
solid fuels for cooking and heating.

T
he

im
pact of acid rain,w

hile tem
pered a bit in

recent years,
has the potential to increase

again if m
itigation efforts fail to protect crit-

ically affected areas.C
ontinued reliance on

coal and other high-carbon fuels w
ill further

increase C
hina’s share of global C

O
2

em
is-

sions.Speeding up the phasing out of O
D

S
w

ill require persistent efforts and additional
investm

ents.

In this context,
C

hina’s air pollution m
an-

agem
ent 

strategy 
m

ust 
achieve 

m
ultiple

objectives,including:

■
R

educing 
am

bient 
air 

pollution 
in 

urban areas
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■
L

ow
ering indoor air pollution

■
M

itigating the im
pact of acid deposition

■
A

ddressing global environm
ental concerns.

To achieve these objectives,
C

hina m
ust

attack its air pollution problem
s on tw

o
fronts:(1) strengthened pollution regulation
resulting from

 im
proved regulatory effec-

tiveness and efficiency;
and (2) continued

pursuit of pro-environm
ental energy policies

to prom
ote developm

ent and deploym
ent of

cleaner and m
ore efficient energy sources

and energy technologies.

E
nergy m

ix and energy efficiency play key
roles in C

hina’s am
bient and indoor air pol-

lution,
acid deposition,

and carbon dioxide
em

issions.
Fundam

ental im
provem

ents in
those areas w

ill involve,
in the short term

,
substantially reducing coal consum

ption in
sm

all and dispersed end uses,and in the long
term

 significantly reducing the econom
y’s

reliance on coal.In the short term
,the tran-

sition from
 a coal-based energy system

 to a
low

-carbon energy system
 w

ill require rapid
expansion of the use of natural gas.In the
longer term

,large-scale utilization of renew
-

able energy sources and new
 energy tech-

nologies w
ill have to be incorporated into

the strategy.

B
uilding on the m

om
entum

 of the new
ly

am
ended 

A
ir 

Pollution 
P

revention 
and

C
ontrol L

aw
,the governm

ent should m
ove

to 
im

plem
ent 

its 
total 

em
issions 

control
through a perm

it system
 that encourages

em
ission reduction as w

ell as cost reduction
(see 

also 
C

hapter 
5).

T
he 

governm
ent

should also build em
ission reduction incen-

tives into energy prices by levying pollution
taxes on highly polluting fuels,such as coal,
or fuels in high dem

and,such as gasoline.

R
E

D
U

C
IN

G
A

M
B

IE
N

T
A

IR

P
O

L
L

U
T

IO
N

IN
U

R
B

A
N

A
R

E
A

S

F
ine particulate m

atter.T
he predom

inant
am

bient air pollutant in C
hinese cities is

suspended particulate m
atter,about 60 per-

cent of w
hich is P

M
10

17,the m
ain source of

associated health problem
s.

A
irborne fine

particles com
e from

 prim
ary em

issions,such
as soot,fly ash,and fugitive dust,as w

ell as
secondary pollutants such as sulfates and
nitrates that are products of m

any atm
os-

pheric chem
ical processes,including gas-to-

particle conversion.
T

here is no available
analysis of the com

position of fine particu-
lates in urban C

hina.B
ased on em

ission pat-
terns,the m

ain sources of P
M

10
in C

hinese
cities are likely to include com

bustion of coal
and other fossil fuels in industrial,com

m
er-

cial,
and residential applications;

industrial
production (fugitive em

issions);and internal
com

bustion 
engines,

particularly 
diesel

engines.
C

ontributions from
 other sources

such as construction and natural airborne
dust 

are 
probably 

sm
all,

although 
these

sources are im
portant contributors to T

SP
as a w

hole. 18
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A
lthough the m

edian concentration levels 
of T

SP
 

in 
60 

reported 
cities 

decreased 
m

odestly in the 1990s,
the total hum

an
exposure over threshold value has actually
increased slightly,suggesting that the health
dam

age due to fine particulates has probably
not been reduced. 19

Since health dam
age

caused by fine particulate pollution dom
inates

health costs of all other am
bient air pollution

form
s,reducing am

bient fine particulate concen-
tration levels should be the center ofattention in
C

hina’s urban air pollution control agenda.

Past control efforts have focused on T
SP

em
issions from

 coal com
bustion and fugitive

industrial dust em
issions,

and are credited
for the significant reduction of am

bient T
SP

levels 
observed 

in 
the 

1980s.
B

ut 
these

efforts have not controlled m
ost fine partic-

ulate em
issions.

B
ased on analysis of 1998

national industrial em
issions survey data,the

average industrial soot rem
oval rate,exclud-

ing the pow
er sector,is only 70 percent,and

the average industrial fugitive dust recovery
rate is 74 percent.B

oth are low
 and unlikely

to have m
uch effect on fine particulate em

is-
sions.M

ore than one third of all industrial
soot em

issions com
e from

 industries w
ith

less than a 30 percent rem
oval rate.T

hese
industries are probably dom

inated by sm
all

firm
s.T

he cem
ent industry,w

hich em
its 78

percent of all industrial fugitive dust,
only

recovers 68 percent of its fugitive em
issions

(Z
T

N
 1999).T

hese num
bers indicate that

the control of industrial em
issions,especially

those from
 sm

all stationery sources,w
ill have

to be tightened significantly in order to sub-
stantially reduce fine particulate em

issions.

E
m

issions of SO
2

from
 com

bustion,a m
ajor

source of sulfates,
are largely uncontrolled.

T
he 

utility 
sector,

w
hich 

accounts 
for 

50 percent of com
bustion SO

2
em

issions
from

 
surveyed 

enterprises,
rem

oves 
only

about 8 percent of its em
issions.SO

2
em

is-
sions from

 sm
all stationery sources such as

industrial boilers,furnaces,and stoves are a
particular influence on urban air quality due
to their generally low

 stack heights.
Since

am
bient SO

2
is also an im

portant source of
fine 

particulates,
am

bient 
SO

2
pollution

control should be an integral part of efforts
to control fine particulate pollution.

In order to address fine particulate pollution
m

ore effectively,key actions include:

■
R

apidly 
increasing 

m
onitoring 

capacity
for am

bient fine particulates so that regu-
latory agencies can im

prove their know
l-

edge and understanding of the nature and
patterns of this pollution problem

.

■
C

learly identifying reductions in am
bient

fine particulate pollution as the forem
ost

objective of urban air quality m
anage-

m
ent.A

 national effort,sim
ilar to that of

the “tw
o 

control 
regions”

program
 

for
SO

2 ,
should 

be 
initiated.

Participating
cities should be required to subm

it their
com

pliance plans just as required in the
“tw

o control regions”program
.
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■
Focusing control efforts on coal-burning
activities.

E
xperience in other countries 

and C
hina’s ow

n experience in the 1990s
dem

onstrates 
that 

reducing 
coal 

con-
sum

ption is the m
ost effective w

ay of
im

proving am
bient air quality.It is criti-

cally im
portant that cities in C

hina m
ake

every effort to m
inim

ize coal use in urban
areas,

especially in residential and com
-

m
ercial applications,and to introduce and

develop cleaner energy alternatives. 20

■
Furthering the effort to curb em

issions
from

 industrial coal-com
bustion.

SE
PA

needs to review
 existing em

ission standards
for boilers,furnaces,and kilns,w

ith a view
to 

tightening 
them

 
w

here 
technology 

perm
its and the econom

ic case is justified
(see B

ox 4.1).

■
Focusing on coal-fired space heating in
northern C

hina,w
hich is the m

ost im
por-

tant air pollution source in this region.
W

hile B
eijing’s effort to convert coal-fired

heating boilers to natural gas is an excep-
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Box 4.1  Som
e Issues w

ith Air Em
ission Standards for Stationery Sources

China’s air em
issions standards are quite com

pre-
hensive and cover a w

ide range of conventional
em

ission sources,such as boilers,furnaces,kilns,as
w

ell as industrial fugitive em
issions.SEPA recently

updated and tightened em
ission standards for

industrial boilers (G
W

PB 3—
1999) to com

e into
effecton M

arch 1,2000.There are a few
 issues that

m
ay ham

per the enforcem
ent

of the standards,or
m

ay underm
ine the objective of overall em

ission
reduction goals.

Th
e co

m
plexity o

f em
issio

n
s calcu

latio
n

s.
The em

issions calculations prescribed in national 
standards are unnecessarily com

plicated,and the
accuracy of the calculations is heavily dependent
on m

eteorological data such as average w
ind

speed and air stability,w
hich cause greatdifficul-

ties for em
issions estim

ation and verification.
An alternative w

ould be to specify em
issions per

day per unitequipm
entcapacity.

Po
llu

tio
n

 lo
ad co

n
tro

l vs.co
n

cen
tratio

n
-

based em
issio

n
s stan

dards.M
ostair em

ission
standards are defined in concentration form

 under
standard conditions w

ithout
specifying excess 

air coefficients.
This allow

s operators to dilute 
concentrations by increasing air flow

.U
sing con-

centration-based em
ission standards also m

akes it
m

ore difficult
to m

anage local airshed pollution
loads,w

hich directly relate to am
bient

pollution
levels.

M
ass-based em

ission standards are m
ore

appropriate.

Relaxed req
u

irem
en

ts fo
r o

lder eq
u

ipm
en

t
an

d po
o

rer q
u

ality fu
els.D

ifferentstandards
are applied to old and new

 equipm
ent

(based on
installation date) and to coals of different

quality
(based on ash and sulfur contents).The relaxed
requirem

ents for older equipm
entand poorer qual-

ity fuels do not
encourage renovation and use of

higher quality fuels and should be phased out
as

part
of the effort

to m
ove to a m

ass-based pollu-
tion load control program

.

Source:W
orld Bank Staff
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tion for now
,northern cities should start

planning to follow
 its lead.In the m

ean-
tim

e,they should take im
m

ediate steps to
curb 

em
issions 

from
 

coal-fired 
heating

boilers by im
proving heating-coal quality

and im
proving space-heating energy effi-

ciency (see B
ox 4.2).

M
otor vehicle em

issions.
M

otor 
vehicle

em
issions have becom

e a m
ajor source of

am
bient air pollution in a few

 super large
cities,

including 
B

eijing,
Shanghai,

and
G

uangzhou.
O

n 
average,

m
obile 

sources
account for 45 to 60 percent of N

O
x

em
is-

sions and about 85 percent of C
O

 em
issions

in 
typical 

C
hinese 

cities 
(W

alsh 
2000).

G
iven current projections of urban trans-

portation grow
th and analysis of urban air

em
ission sources,m

otor vehicles,especially
passenger cars,

w
ill be one of the m

ain
sources of urban air pollution in the future.
C

hina’s fast-grow
ing fleet of diesel-driven

trucks and buses in C
hinese cities should

also be a m
atter of concern for air pollution

regulators.
Soot 

em
issions 

from
 

diesel
engines are a serious health concern because
they are carcinogens.

T
he governm

ent has already developed a
national strategy for reducing m

otor vehicle
em

issions based on international experiences
and 

C
hina’s 

situation.
K

ey 
com

ponents
include phasing out leaded gasoline;

tight-
ening em

ission standards for all categories of
new

 vehicles;
upgrading vehicle inspection

and 
m

aintenance 
program

s;
adoption 

of
cleaner 

fuels;
and 

im
plem

enting 
traffic 

and dem
and m

anagem
ent (W

alsh,
2000).

T
he critical issue now

 is to im
plem

ent the
strategy in a tim

ely and effective m
anner.

E
arly signs have been encouraging because

of the strong push by large m
unicipalities 

to 
im

plem
ent 

the 
strategy 

ahead 
of 

the
national schedule.

B
eijing,

Shanghai,
and

G
uangzhou,the three cities w

ith the m
ost
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Box 4.2  Strategies to Curb Em
issions 

from
 Sm

all Stationary Sources

C
o

n
tro

l 
C

o
al 

Q
u

ality.
Pilot

program
s

should be introduced to experim
entw

ith a heat-
ing coal distribution system

 in w
hich only

licensed fuel com
panies are allow

ed to deliver
prepared low

-ash and low
-sulfur coal to heating

boilers.The fuel com
panies then m

ust
com

ply
w

ith m
inim

um
 coal quality standards specified

for different
size/type of boilers.This also is a

defensive m
easure against

the possibility of
inferior coals being channeled to sm

all users
w

hen tighter TSP and SO
2

controls push up
dem

and for high-quality coal by bulk users such
as pow

er plants.Boiler operation efficiency m
ay

be im
proved by introducing energy service com

-
panies that

seek boiler operation and m
ainte-

nance outsourcing contracts from
 boiler ow

ners.

Pro
m

o
te in

creased
 en

erg
y efficien

cy.
M

ajor policy reform
s w

ill be needed to unleash
sustained energy efficiency im

provem
ents in

space heating.Cities w
ill need to w

ork w
ith the

central governm
ent

to im
plem

ent
policies to

reform
 heat

pricing and billing and to prom
ote

construction of m
ore energy efficientbuildings.
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serious m
otor vehicle pollution in the coun-

try,
are also m

oving aggressively to control
m

otor vehicle em
issions.

T
he im

portance of the leadership role of
large 

cities 
in 

controlling 
m

otor 
vehicle

em
issions 

cannot 
be 

understated.
T

hese
cities represent the bulk of C

hina’s autom
o-

bile m
arket.T

heir actions directly affect the
w

hole autom
obile industry,w

hich indirectly
affects the rest of the country.B

y focusing
on m

ajor m
unicipalities,the governm

ent not
only tackles the pollution problem

 w
here 

it is m
ost serious,

but also leverages the 
m

arket 
influence 

of 
those 

cities 
for 

the 

benefit of the national environm
ent.A

 case
in point is B

eijing’s vehicle retrofit program
(see B

ox 4.3).

C
hina is getting to the stage w

here a signif-
icant num

ber of urban residents are able and
w

illing to purchase cars.
International and

dom
estic m

anufacturers are also jockeying
for position to m

arket affordable cars to 
private 

citizens.
C

onceptually,
a 

tightly
planned city w

ith highly efficient public
transportation 

system
s 

w
ould 

serve 
both

people and the environm
ent w

ell.B
ut realiz-

ing that w
ould require a convergence of

m
ultiple governm

ent policies and m
arket

forces.
A

s general principles for reducing
urban congestion and m

otor vehicle pollu-
tion,

large C
hinese cities should strive to

m
ake 

m
ass 

transit 
system

s 
the 

prim
ary

urban 
people 

m
overs;

should 
plan 

and 
develop in patterns that can m

ost efficiently
use m

ass transit system
s;and should im

ple-
m

ent policies that discourage private car use
for com

m
uting to and from

 w
ork.

T
he follow

ing recom
m

endations are m
ade

from
 the narrow

 perspective of vehicular
em

ission control.
A

 division of labor and
responsibility 

betw
een 

national 
and 

local
agencies concerned w

ith vehicular em
issions

control is desirable.
In broad term

s,
the

national agencies should focus on m
anaging

m
anufacturers 

of 
m

otor 
vehicles 

and 
fuels through:
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Box 4.3  Large Cities Can Set
the Pace

in Regulating M
otor Vehicle Em

issions

In early M
arch 1999,the Beijing Environm

ental
Protection Bureau instructed car m

anufactur-
ers w

ith sales outlets in Beijing that
they

should be responsible for excessive pollution of
their cars.All dom

estically produced cars sold in
Beijing betw

een 1995 and 1998 m
ust

be retro-
fitted 

w
ith 

a 
m

anufacturer-developed 
kit

designed to m
eet

Euro 1 em
ission standards.

M
anufacturers w

ere required to com
plete the

w
ork by D

ecem
ber 1999.

The program
 w

ill
require retrofitting of approxim

ately 200,000
vehicles.

Sim
ilar program

s are being im
ple-

m
ented in som

e other cities.Beijing has also
taken the lead in im

plem
enting Euro 1,catalyst-

based em
ission standards for all new

 cars.The
regulation w

ent
into effect

on January 1,1999,
15 m

onths ahead of national schedule.

Source:W
alsh (2000).
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■
Setting em

ission standards for all cate-
gories of m

otor vehicles and ensuring that
m

anufacturers com
ply w

ith them
.

■
Setting quality standards for fuels and
ensuring 

that 
refineries 

and 
im

porters 
com

ply w
ith them

.

■
Setting vehicle fuel efficiency guidelines
and prom

oting com
pliance,and encour-

aging 
research 

and 
developm

ent 
of 

cleaner and m
ore energy efficient m

otor 
vehicle technologies.

■
B

uilding institutional capacity for stand-
ards enforcem

ent,
including clarification

of 
adm

inistrative 
responsibilities 

of 
concerned 

national 
agencies 

and 
local

agencies,
provision of financial support,

and establishm
ent of testing and inspec-

tion procedures and facilities.

■
A

ssisting provincial and m
unicipal gov-

ernm
ents to build capacity for im

plem
ent-

ing national or local standards.

L
ocal agencies should focus on:

■
E

nforcing em
ission standards for operating

vehicles through norm
al vehicle registration

procedures that require periodic inspec-
tion and m

aintenance of m
otor vehicles 

■
M

onitoring local air pollution and using it
as guidance for devising m

easures to con-
trol m

otor vehicle em
issions,using options

such 
as 

traffic 
m

anagem
ent 

through 
regulation and/or econom

ic incentives 

■
P

lanning for and developing m
ore effi-

cient urban transportation system
s,

and
w

orking w
ith the national governm

ent on
appropriate financial incentives to support
such efforts.

L
O

W
E

R
IN

G
I

N
D

O
O

R
A

IR
P

O
L

L
U

T
IO

N

E
ven 

w
ithout 

an 
orchestrated 

national 
program

,
the governm

ent has m
anaged to

reduce indoor air pollution from
 household

fuel consum
ption on a large scale,largely by

expansion of gaseous fuel supply.T
here are

good reasons to believe that serious indoor
air pollution w

ill fade in the next 20 years as
living conditions continue to im

prove.T
hat

thought,and the fact that m
ost households

in large cities are not affected by indoor flue
gas,m

ay have given policym
akers the illu-

sion that indoor air pollution from
 fuel com

-
bustion is no longer a public health threat.

Such optim
ism

 w
ould be prem

ature,
since

there are still hundreds of m
illions of people

using solid fuels for cooking and/or heating,
and 

the 
population 

exposed 
to 

serious
indoor air pollution m

ay be correspondingly
large.

T
he lack of updated research and

extensive m
onitoring data obscures the scale

and 
severity 

of 
indoor 

air 
pollution 

in
C

hina,
preventing the developm

ent of an
alleviation strategy.

T
he first order of business for indoor air 

pollution control is to carry out a national
survey of the status and nature of the prob-
lem

 so that a clear policy agenda can be put
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together.
T

his could be one of the areas
w

here 
im

m
ediate 

actions 
and 

persistent
efforts 

can 
have 

a 
profound 

im
pact 

on 
public heath,

since those w
ho are exposed 

to high-level indoor air pollution are m
ost

likely to be poor urban and rural households.
A

lleviating 
indoor 

air 
pollution 

has 
the 

double advantage of im
proving heath and

bringing environm
ental equity to the poor

and less fortunate.

Indoor air pollution has traditionally been
dealt w

ith by governm
ent agencies in public

health and agriculture,and is not on SE
PA

’s
agenda at all.W

ith other public health issues
overw

helm
ing the public health agencies,and

w
ith the agricultural agencies facing rede-

fined m
issions,indoor air quality is in danger

of being left off the governm
ent agenda com

-
pletely.A

s C
hina’s top environm

ental agency,
SE

PA
 should lead efforts to coordinate activ-

ities in addressing indoor air pollution.

M
IT

IG
A

T
IN

G
T

H
E

I
M

P
A

C
T

O
F

A
C

ID
D

E
P

O
S

IT
IO

N

R
ecent declines in coal consum

ption provided
a short-term

 gain for C
hina’s SO

2
em

issions
control program

,
but coal consum

ption is
expected to grow

 in the next 20 years,even
if at a low

er rate than previously projected.
W

ithout im
plem

enting m
itigating policies,

SO
2

and N
O

x
em

issions w
ill increase,and

the im
pact of acid deposition w

ill get w
orse.

T
he next five years represent a critical period

for C
hina’s acid deposition control effort,as

the governm
ent steps up the im

plem
enta-

tion of the “tw
o control regions”strategy for

SO
2

em
issions.

C
hina has focused its SO

2 em
issions m

itiga-
tion efforts in areas w

here environm
ental

and health dam
ages are considered m

ost sig-
nificant.T

he current strategy aim
s to control

em
issions by regulating both the supply and

consum
ption of coal through a blend of

com
m

and and control,
adm

inistrative,
and

econom
ic m

easures (see B
ox 4.4).

Im
ple-

m
entation of the national strategy has only

just 
begun,

and 
m

ost 
participating 

local 
governm

ents are only at the planning stage.

B
ased on an initial assessm

ent,C
hina’s acid

deposition control should:

■
E

m
phasize 

im
pact reduction,

com
pared

w
ith

em
issions 

reduction.
T

his 
w

ould
require 

im
proved 

understanding 
of

source-receptor relationships and im
pacts

them
selves.A

n im
pact reduction strategy

is m
ore likely to lead to national and

regional 
cost 

savings.
Since 

m
itigation

activities are im
plem

ented locally,it is also
im

portant to assist participating govern-
m

ents 
to 

identify 
the 

m
ost 

econom
ic

options,given their abatem
ent goals.

■
Stress 

cost-effectiveness 
in 

selecting
abatem

ent m
easures.SE

PA
 should begin

to study and plan for an em
issions trading

program
 am

ong coal-fired pow
er plants,

and should prepare to im
plem

ent such a
program

 in the next five years.
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■
C

onsider expanding SE
PA

’s acid deposi-
tion regulation to cover N

O
x

em
issions

from
 pow

er plants,because of the increas-
ing 

im
portance 

of 
large 

point 
sources 

and the grow
ing contribution of N

O
x

em
issions in acid deposition.

■
P

ut 
m

ore 
em

phasis 
on 

large 
point

sources.SE
PA

 should consider reconfig-
uring the “tw

o control regions”
program

so that acid deposition control is m
ore

focused on large point sources,and should
consider integrating am

bient SO
2

pollu-
tion control into the urban air quality
m

anagem
ent program

.
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Box 4.4  M
ain Policy M

easures U
nder the "Tw

o Control Regions" 
Strategy and Potential Problem

s

There are three m
ain policy m

easures em
bodied in

the “tw
o control regions”strategy.These m

easures
are a good starting point

to avoid drastic ram
ping

up of control costs at
the beginning,w

hen experi-
ence is lacking.But

they are unlikely to ensure a
steady reduction of SO

2 em
issions as anticipated by

the governm
ent.

Co
n

tro
llin

g th
e su

lfu
r co

n
ten

t o
f co

als
su

pplied.Construction of new
 collieries based on

coal w
ith a sulfur contentof 3 percentand above is

prohibited.Existing collieries m
ining sim

ilar coals
w

ill face production restrictions or be gradually
phased out.Coal m

ines producing coals w
ith sulfur

content
greater than 1.5 percent

should construct
w

ashing facilities m
atched to their m

ining capaci-
ty.Supply-side control is perhaps a necessary and
effective m

easure for em
issions control w

hen end
user regulation is lagging and relatively difficultto
im

plem
ent,

but
eventually such regulation w

ill
becom

e redundant
w

hen consum
ers begin to put

a prem
ium

 on the quality of coal as a resultof pol-
lution regulation.

C
o

n
tro

llin
g

 
em

issio
n

s 
fro

m
 

co
al-fired

po
w

er plan
ts.

N
ew

ly constructed or renovated
coal-fired pow

er plants using coals w
ith sulfur con-

tent
greater than 1 percent

m
ust

install sulfur
scrubbing facilities.Existing coal-fired pow

er plants
using coals w

ith sulfur content
greater than 1 per-

centm
ustadoptSO

2 em
ission reduction m

easures
including flue gas desulfurization (FG

D
).A direct

im
pact

of this regulation is that
pow

er plants are
sw

itching to low
-sulfur coal to avoid installing FG

D
facilities.The average sulfur contentof pow

er plant
steam

 coal decreased from
 1.2 percentin 1996 to 1.0

percent
in 1998.Since coal-fired pow

er capacity is
projected to grow

 substantially,this regulation w
ill

notbe able to contain SO
2

em
ission grow

th of the
pow

er sector.

Co
llectin

g SO
2

em
issio

n
 fees.

An expanded
trial of SO

2 em
ission fees began in 1998.The current

fee level of RM
B 200 per m

etric ton of SO
2 em

issions
is w

idely considered to be less than the costs of m
any

available abatem
ent

options.Sw
itching to low

er
sulfur contentcoals is expected to be an im

m
ediate

im
pact

of the fees on coal users.There is m
uch

uncertainty aboutw
hich levels of fees can produce

the desired am
ountof em

issions reduction.

Source:W
orld Bank Staff
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■
A

m
end som

e of the loopholes existing in
the current “tw

o control regions”program
.

O
ne apparent problem

 is the threshold
sulfur content value for coal-fired pow

er
plants (see B

ox 4.4).
Instead of setting

coal sulfur content lim
its as the trigger for

installation 
of 

scrubbers,
pow

er 
plants

should be licensed and m
anagers given the

flexibility to m
ake their ow

n decisions
about how

 best to com
ply w

ith regulatory
requirem

ents.
T

his w
ould also pave the

w
ay for introducing an em

issions trading
program

 am
ong coal-fired pow

er plants
w

hen 
conditions 

are 
right.

E
m

ission
reduction in the pow

er sector is critical to
the success of C

hina’s acid deposition con-
trol program

 because the pow
er sector w

ill
be the m

ain source of future grow
th in

SO
2

and N
O

x
em

issions.
A

n em
issions

perm
it 

program
 

should 
be 

introduced 
as soon as possible to ensure the pow

er
sector m

eets its abatem
ent goals.

A
D

D
R

E
S

S
IN

G
G

L
O

B
A

L

E
N

V
IR

O
N

M
E

N
T

A
L

C
O

N
C

E
R

N
S

T
he 

governm
ent’s 

policies 
in 

econom
ic

reform
s,energy efficiency im

provem
ents,and

alternative energy developm
ent have all con-

tributed to its objectives in term
s of globally

significant air pollutants such as C
O

2
and

O
D

S.T
hese policies and efforts need to be

continued in light of im
proved econom

ic
efficiency.

International 
assistance 

should
continue to tap into these synergistic areas.

E
conom

ic reform
.

C
ontinued 

econom
ic

reform
 is critical to C

hina’s long-term
 con-

tribution to m
itigating global environm

ental
dam

ages and to im
provem

ents in the overall
efficiency of resource allocation.

Successful
econom

ic 
reform

s 
accelerate 

structural
changes and foster technology innovations,
w

hich 
are 

key 
factors 

influencing 
future

em
issions of greenhouse gases (G

H
G

),the
phasing out of O

D
S,

and the control of
other global pollutants associated w

ith gen-
eral econom

ic activities.C
hina’s accession to

the W
orld T

rade O
rganization (W

T
O

) w
ill

speed up the pace of econom
ic reform

s in
C

hina,
and 

should 
be 

w
elcom

ed 
by 

the
international com

m
unity.

E
nergy efficiency im

provem
ents.

To m
iti-

gate G
H

G
 em

issions,
im

provem
ent in the

technical efficiency of energy use should be
am

ong 
C

hina’s 
highest 

priorities.
In 

the
short- to m

edium
-term

,efforts should focus
on the follow

ing areas:

■
Prom

oting cost-effective industrial energy
conservation,

including 
m

ore 
efficient 

utilization of heat,
steam

 and electricity,
as w

ell as by-product gas.

■
D

eveloping,m
anufacturing,and effectively

m
arketing m

ore efficient energy consum
ing

equipm
ent,

including electric appliances,
m

otors,boilers,and engines.
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■
Im

proving the quality of coal through 
pricing 

and 
regulatory 

m
easures.

T
his 

w
ould 

encourage 
the 

supply 
and 

con-
sum

ption 
of 

screened 
or 

w
ashed 

coal
graded to m

eet specific uses.

■
Im

proving the energy efficiency of resi-
dential and com

m
ercial buildings,

espe-
cially 

in 
space 

heating 
and 

cooling.
R

eform
ing the existing floor-area-based

heat tariff and billing system
 is a prerequi-

site to sustainable space heating energy
efficiency im

provem
ent.T

here is also an
urgent need to educate and train practic-
ing 

and 
future 

architects,
construction

engineers,and building inspectors on how
to integrate energy efficiency considera-
tions into their respective professions.

■
F

inally,in anticipation of the huge poten-
tial for grow

th in autom
obile dem

and,
striving to gain access to m

ore advanced
and 

m
ore 

energy 
efficient 

autom
obile

technologies.

A
lternative energy developm

ent.
G

reater
support for the developm

ent and deploy-
m

ent of low
- or non-carbon energy tech-

nologies is urgently needed now
 if C

hina 
is to vastly reduce its reliance on coal in 
the 

long 
term

.
G

iven 
the 

abundance 
of 

low
-cost coal resources in C

hina,the govern-
m

ent cannot rely solely on m
arket forces as a

basis for encouraging adoption of alternative
energy technologies.T

he governm
ent needs

to adopt an aggressive program
 to push alter-

native energy developm
ent,

particularly in
the areas of renew

able energy technologies.

Prom
oting alternative energy sources that

are 
currently 

cost-com
petitive 

w
ith 

coal,
particularly in the supply of natural gas,also
deserves strong support.C

hina’s plan to sub-
stantially increase natural gas consum

ption,
including 

coal-bed 
m

ethane,
should 

be
encouraged.International capital,technology
know

-how
,and m

arket developm
ent know

l-
edge w

ill help to accelerate the consum
ption

grow
th of natural gas in C

hina.

E
xperiences 

from
 

im
plem

entation 
of

M
ontreal Protocol and G

lobal E
nvironm

ent
Facility projects in C

hina have show
n there

is m
uch to gain for C

hina as w
ell as the

international com
m

unity from
 active coop-

eration and w
ell-targeted assistance. 21C

hina
should be open to innovative ideas in sup-
port of international environm

ental cooper-
ation.It should explore new

 w
ays to tap into

international capital,
know

ledge,
and tech-

nology to enhance its capacity to address
global environm

ental problem
s.
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N
otes 

1.T
hat is,C

lass 2 of the N
ational A

m
bient A

ir Q
uality

Standard (N
A

A
Q

S).D
etails of the N

A
A

Q
S are provided 

in the statistical A
nnexes in the C

D
-R

om
 attached to 

this report.C
hina has a total of 667 classified cities.

2.A
 m

icron is one-m
illionth of a m

eter.Industrialized
countries,such as the U

S,have m
oved to regulate P

M
2.5 ,

fine particulates w
ith the m

ost dam
aging health effects.

3.C
alled sm

oke dust in C
hinese term

inology.

4.T
he C

lass 2 N
A

A
Q

S applies to urban residential and
com

m
ercial districts,as w

ell as general rural areas (refer 
to statistical A

nnex in the C
D

-R
om

).A
ccording to 

the N
A

A
Q

S,the annual average lim
it for C

lass 2 T
SP

 
concentration is 200 µg/m

3,for SO
2

60 µg/m
3

and
for N

O
x

50 µg/m
3.

5.T
he definition of the size of cities in C

hina is based on
non-agricultural population (N

A
P

).L
arge cities have N

A
P

above 500,000,m
edium

 cities have N
A

P
 betw

een 200,000
and 500,000,and sm

all cities have N
A

P
 below

 200,000.

6.B
y the end of 1997,there w

ere 34 cities w
ith N

A
P

 at or
above 1 m

illion.O
f these,32 w

ere listed in the official air
quality m

onitoring report.T
hese 34 cities represent 50 percent

of the registered urban population in C
hina’s 667 cities (1997).

7.T
he other 28 cities accounted for 11 percent of the regis-

tered urban population in C
hina’s 668 cities in 1997.Together

w
ith the 32 largest cities,they provide a relatively com

plete
urban air quality profile in C

hina’s m
edium

 and large cities.

8.In C
hongqing and G

uiyang,tw
o of the m

ost SO
2 -polluted

cities in the country,SO
2

levels declined substantially from
351 and 341 µg/m

3
respectively in 1991 to 183 and 

178 µg/m
3

in 1998.

9.U
sing the class 2 N

A
A

Q
S as thresholds,total hum

an
exposure is defined as the product of the concentration 
over the threshold and the affected population.
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10.C
hina has only just started to m

onitor P
M

10 ,the tradi-
tional threshold for fine particles.B

ut a m
ore stringent defi-

nition is P
M

2.5 .Particles larger than 2.5 m
icrons,if inhaled,

are rem
oved in the head or upper respiratory tract.Sm

aller
particles can reach the alveolar region,w

hich has no protec-
tive m

ucus layer and from
 w

here the clearance tim
e of

deposited particles is m
uch longer,increasing the potential

for adverse health effects.F
ine particles also are a m

ajor
contributor to visibility reduction through light scattering.

11.A
nother study (H

ughes and D
unleavy 2000) show

ed that
in India there w

as a substantial decrease in infant m
ortality

associated w
ith the use of clean cooking fuels,w

ith the
effect being greater in rural households (35 percent reduction)
than in urban households (20 percent reduction).In C

hina,
a sim

ilar pattern (42 percent reduction in rural households
and 12 percent reduction in urban households) w

as found 
in recent studies applying the Indian m

ethodology to data
from

 the 1992 C
hildren Survey of C

hina.

12.A
cid deposition—

m
ore com

m
only referred to as 

acid rain—
is caused by em

issions of sulfur dioxide and 
nitrogen oxides,w

hich are converted in the atm
osphere 

into secondary pollutants such as nitric and sulfuric acids,
both of w

hich dissolve easily in w
ater.T

he resulting acidic
w

ater droplets can be carried long distances by prevailing
w

inds,returning to earth as acid rain,snow
,or fog.

13.C
hina’s national SO

2
em

ission control strategy aim
s 

to reduce am
bient SO

2
pollution in designated cities 

(SO
2

control region) and reduce acid rain im
pact in 

designated areas (acid rain control region).

14.In all likelihood,C
hina’s energy consum

ption and C
O

2
em

issions in 2000 w
ill be low

er than even the m
ost conser-

vative projections m
ade in the early 1990s.For exam

ple,
the high-efficiency scenario in a 1994 W

orld B
ank study

projected a total energy dem
and of 1,474 m

illion tons of
coal equivalent (M

tce) in 2000 (L
i et al.1995).E

xpected
actual energy dem

and in 2000 w
ill be around 1,350 M

tce.
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15.O
D

P
 is derived from

 the physical tonnage of different
O

D
S,adjusted to account for their different effects on ozone.

16.For exam
ple,inclusion of C

T
C

 applications in 
chem

ical feedstocks and additives in 1998 caused a huge
jum

p in O
D

S production and consum
ption statistics.

17.In som
e northern cities,the percentage can go below

 
50 percent because of high natural-borne dust levels.

18.L
evels of natural airborne dust are often high in north

and northw
est cities,w

hich explains m
any of the differences

in T
SP

 levels betw
een the north (w

ith the exception of the
northeast) and the south.R

oad transportation m
ay be an

im
portant but unconfirm

ed contributing factor to am
bient

T
SP

 levels,because it re-suspends ground dust.

19.Since m
onitoring of fine particulate m

atter (P
M

10 )
only started recently and is still sporadic,the assessm

ent
m

ade in this report is based on m
onitoring data for T

SP.

20.T
he latest exam

ple is B
eijing’s effort to convert all sm

all
and m

edium
 coal-fired heating boilers (1 to 10 ton-stream

/
hour) w

ithin the fourth ring road to natural gas-burning units.

21.T
he latest such program

 is the C
lean D

evelopm
ent

M
echanism

 (C
D

M
) under the K

yoto Protocol,w
hich is

intended to provide a m
echanism

 to facilitate international
carbon trading.
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T
he econom

ic and social changes that char-
acterized 

the 
1990s 

in 
C

hina 
w

ere 
also

reflected in the environm
ental agenda.T

he
structure of industry and industrial pollution
changed significantly;urban and rural envi-
ronm

ental issues becam
e m

uch m
ore visible

and im
portant;and the grow

ing m
iddle class

becam
e m

ore aw
are and concerned about

the deteriorating state of the environm
ent.

Political aw
areness also increased.

A
t the

Fourth N
ational E

nvironm
ental Protection

C
onference in 1996,both the President and

Prem
ier stated that protecting the environ-

m
ent w

as essential for m
aintaining produc-

tivity.T
he subsequent N

inth F
ive-Year-P

lan
(1996-2000) w

as the first to include explicit
and 

m
onitorable 

environm
ental 

perform
-

ance objectives and a targeted pollution con-
trol investm

ent program
.F

inally,as part of
the 1998 central governm

ent reform
s,

the
N

ational E
nvironm

ental Protection A
gency

(N
E

PA
) w

as upgraded to the level of a m
in-

istry and re-nam
ed the State E

nvironm
ental

Protection A
dm

inistration (SE
PA

).

T
his chapter outlines the m

ain institutional
and 

regulatory 
developm

ents 
during 

the
1990s,

identifies continuing problem
s and

issues,and provides suggestions on addition-
al reform

s that need to be considered.

D
evelopm

ents in
Environm

ental
Adm

inistration
T

he 1990s saw
 both advances and setbacks

in environm
ental adm

inistration.O
n balance,

the advances outw
eighed the setbacks (see

T
able 5.1).

R
ecent notable developm

ents include:

■
SE

PA
’s elevation to the status of a m

inistry,
clarifying its position as the agency w

ith
overall responsibility for environm

ental
m

anagem
ent and protection in C

hina.

■
Further efforts w

ere m
ade to address the 

so-called “horizontal-vertical”
issue,

in
w

hich low
er-level E

P
B

s report to higher-
level 

E
P

B
s 

and 
ultim

ately 
SE

PA
,

but
receive their budgetary resources from

 the
local governm

ent. 1A
ppointm

ents to head
local E

P
B

s m
ust now

 be endorsed by a 
higher-ranked environm

ental agency.For
exam

ple,a m
unicipal governm

ent’s selec-
tion to fill the position of E

P
B

 director
w

ill have to be endorsed by the relevant
provincial 

E
P

B
.

T
his 

is 
the 

second
attem

pt to address this difficult issue. 2
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■
L

ow
er-level 

E
P

B
s 

w
ere 

strengthened,
either by lifting their bureaucratic status or
by giving them

 independent bureaucratic
status.B

oth changes are im
portant steps in

increasing adm
inistrative leverage.

A
s of

2000,
all 31 provincial E

PB
s w

ere inde-
pendent agencies and 30 of them

 w
ere

first-tier institutions; 3
all city-level E

PB
s

w
ere independent agencies,and m

ost w
ere

first-tier;about 70 percent of county E
PB

s
w

ere independent;and about 1,422 envi-
ronm

ental 
protection 

units 
w

ere 
estab-

lished at the tow
nship level.

N
otw

ithstanding these developm
ents,there

rem
ain a num

ber of outstanding institution-
al issues that w

ill have to be overcom
e if the

challenges of the 21st C
entury are to be 

successfully confronted:

■
T

he cross-sectoral dim
ensions of environ-

m
ental 

m
anagem

ent 
are 

becom
ing

increasingly im
portant.T

he dissolution of
the 

SE
P

C
 

(see T
able 

5.1) 
rem

oved 
a

potentially im
portant forum

 for encourag-
ing collaborative w

ork on cross-cutting
environm

ental 
issues 

and 
for 

resolving
jurisdictional disputes.T

he SE
P

C
’s coor-

dination role w
as transferred to SE

PA
,but

experience in other countries suggests that
SE

PA
,

as a second rank (non-cabinet)
m

inistry,
w

ill not be able to effectively
carry out this role. 4

■
T

he 1990s saw
 a significant w

orsening 
of 

the 
gap 

betw
een 

SE
PA

’s 
declining 

staff resources and the w
idening m

andate
assigned to it.T

his gap extends to E
P

B
s 

at the provincial level;
it w

ill probably
w

orsen 
as 

provincial 
reform

 
continues.

If the governm
ent is not prepared to pro-

vide the staff and financial resources to
m

atch the current environm
ental m

an-
date,it w

ill have to narrow
 the agenda.

■
N

one 
of 

the 
reform

s 
of 

the 
1990s

addressed the critical issue of budgets and
financing to underw

rite the operations of
SE

PA
 and the E

P
B

s.
T

he funding of
supervision and m

onitoring activities is
inadequate,

and control of point-source
pollution is far less efficient and effective
than it needs to be.

M
any low

er-level
E

P
B

s are heavily dependent on retained
pollution levies to cover their operating
costs, 5

w
hich creates num

erous perverse
incentives.For exam

ple,it is in the inter-
est of E

P
B

s for enterprises to keep pollut-
ing and pay their pollution levy,

rather
than to com

ply w
ith discharge standards

and stop paying.

■
T

he organizational structure of environ-
m

ental adm
inistration is very susceptible

to interference by local leaders.A
s m

en-
tioned,

various 
m

easures 
have 

been
applied to reduce the som

etim
es conflict-

ing dem
ands of horizontal and vertical

influences,
but the problem

 has not yet
been solved.
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Table 5.1
D

evelopm
ents in Environm

ental Adm
inistration,1974 to

1998

Advances
Setbacks

1974 > Environm
ental Protection O

ffice (EPO
) estab-

lished under State Council.Staff allocation:20.

1979 > Prom
ulgation of the firstEnvironm

ental
Protection Law

.Several provincial and city gov-
ernm

ents took the initiative to increase rank of
EPO

s to thatof a bureau (first-tier organizations).

1982 > Staff allocation of the State EPO
 increased

to 60.

1984 > State Environm
ental Protection

Com
m

ission (SEPC) created under the State
Council to aid in cross-sectoral coordination.EPO
upgraded to a Bureau (N

ational Environm
ental

Protection Bureau—
N

EPB).Staff allow
ance 

doubled to 120.

1988 > N
EPB separated from

 M
U

RCEP and reclas-
sified as an Agency (N

EPA) w
ith a bureaucratic

rank slightly below
 a m

inistry.Itresum
ed direct

reporting to the State Council.Staff allow
ance

increased from
 120

to 321.

1993/94 >
Creation of the Com

m
ittee for N

atural
Resources and Environm

ental Protection of the
N

ational People’s Congress to take responsibility
for revising and drafting new

 environm
ental law

s
and assuring their rapid prom

ulgation.

1998 > N
EPA upgraded to m

inisterial status 
and renam

ed as State Environm
ental Protection

Adm
inistration (SEPA).M

ore low
er-level EPBs

raised to first-tier status,offsetting the setback 
of 1994.

1982 > EPO
 transferred from

 State Council to 
the (new

ly created) M
inistry of U

rban and 
Rural Construction and Environm

ental 
Protection (M

U
RCEP).

1993/94 > W
idespread dow

ngrading of m
any

county EPBs to second-tier status follow
ing a

new
 round of adm

inistrative reform
s.

1998 >
SEPA’s staff num

bers reduced from
 321to

200.SEPC of the State Council w
as disbanded.

Source:Adapted from
 Jahiel (1998)
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Approaches to
Environm

ental
M

anagem
ent

T
he environm

ental agenda has three m
ajor

them
es;industrial pollution,urban environ-

m
ental m

anagem
ent,and w

hat SE
PA

 refers
to as “ecological environm

ental protection,”
w

hich m
ight alternatively be described as

natural resources m
anagem

ent. 6T
he existing

repertoire of environm
ental law

s and regula-
tions addresses all of these issues to varying
degrees.

T
he 

greatest 
progress 

has 
been

m
ade in the field of industrial pollution con-

trol,w
hich is m

ost am
enable to a regulatory

approach.
Progress on the second tw

o has
been m

ore lim
ited,and these w

ill continue
to be the m

ain problem
 areas over the next 5

to 10 years.

I
N

D
U

S
T

R
IA

L
P

O
L

L
U

T
IO

N
C

O
N

T
R

O
L

T
he regulatory and adm

inistrative fram
e-

w
ork for industrial pollution control is quite

com
prehensive.

It 
has 

been 
continuously

updated and expanded to im
prove effective-

ness and cover em
erging issues.T

he current
fram

ew
ork 

of 
com

m
and-and-control 

sys-
tem

s,supplem
ented by econom

ic,voluntary,
and public disclosure instrum

ents (see T
able

5.2),
provides 

a 
good 

basis 
for 

effective 
pollution control.T

he system
 suffers from

tw
o m

ajor shortcom
ings:

(a) the law
s and

regulations lack teeth and are inadequately

enforced;
and 

(b) 
they 

are 
concentrated 

prim
arily on stationary point-source pollu-

tion control.

D
uring the 1990s,

regulators attem
pted to

encourage three shifts in industrial pollution
control strategy.F

irst,at the enterprise level,
pollution 

control 
shifted 

tow
ard 

w
hole-

process control,rather than just end-of-pipe
w

aste 
treatm

ent.
Second,

the 
regulatory

focus shifted aw
ay from

 pollutant concen-
tration tow

ard total load control by enforc-
ing 

a 
com

bination 
of 

concentration 
and

m
ass-based 

discharge 
criteria.

T
hird,

to
im

prove cost-effectiveness,the focus shifted
from

 dispersed-source control,
w

here each
enterprise 

had 
to 

individually 
resolve 

its
em

ission problem
s,

to a m
ore integrated

approach that considered the possibilities for
centralized control,by for exam

ple encour-
aging the discharge of sem

i-treated liquid
w

astes to m
unicipal sew

ers.

T
he shift to total process control is being

encouraged by prom
otion of the “cleaner

production”
concept and adoption of ISO

14000 
certification 

procedures. 7
T

he
C

leaner Production (C
P

) program
,

w
hich

started in 1993,
encourages enterprises to

adopt 
in-plant 

w
aste 

m
inim

ization 
tech-

nologies as supplem
ents to traditional “end-

of-pipe”
pollution-control 

approaches. 8

T
here is considerable potential in the C

P
program

,since m
any of the older and m

ore
polluting enterprises are very inefficient and
use 

outdated 
production 

technology,
but

take-up has m
ainly been focused in areas
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w
ith 

strong 
incentives,

such 
as 

the 
w

ater-scarce 
areas 

of 
northern 

C
hina.

N
evertheless,

the 
technical 

capacity 
to

undertake clean production audits and feasi-
bility studies has been established,creating
the capacity to respond as the dem

and for
these services develops.

ISO
 

14000 
certification 

procedures 
w

ere
introduced in 1997.T

he attraction for gov-
ernm

ent in prom
otion of ISO

 14000 is the

belief that it w
ill increase the com

pliance
rate 

w
ithout 

increasing 
regulatory 

effort.
T

he w
ork w

as initiated by SE
PA

’s O
ffice of

E
nvironm

ental 
M

anagem
ent 

System
s.

Subsequently,
a 

Steering 
C

om
m

ittee 
for

E
nvironm

ental 
M

anagem
ent 

System
C

ertification w
as established w

ithin SE
PA

to provide accreditation services for certifi-
cation bodies and auditors.Several environ-
m

ental m
anagem

ent and consulting centers
have been established to conduct ISO

 14000
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Table5.2
CurrentFram

ew
ork for Industrial Pollution M

anagem
entand Control

Com
m

and-and-Control 
Econom

ic 
Voluntary 

Public D
isclosure

Instrum
ents 

Incentives
Instrum

ents
Instrum

ents

Concentration-based
pollution discharge 
lim

its
M

ass-based controls 
on total provincial 
discharge (pilotonly)
Environm

ental Im
pact

Assessm
ent

Three synchronous 
policy

1

Lim
ited tim

e 
treatm

ent 2

Centralized pollution
control
Tw

o com
pliance policy

3

Environm
ental 

com
pensation fee

Pollution levy fee
N

on-com
pliance fines

D
ischarge perm

it
system

 (experim
ental)

Sulfur em
ission fee

(experim
ental)

Em
ission trading

(experim
ental)

Subsidies for energy-
saving products 
Regulation on refuse
creditto high-polluted
firm

s

Environm
ental 

labeling system
Prom

otion of ISO
 

14000
system

Cleaner Production 
program

Cleanup cam
paigns

Environm
ental 

aw
areness cam

paigns

N
otes:

1 The Three Synchronous Policy is intended to ensure thatthe planning,design,and construction of pollution control facilities 
occurs atthe tim

e thatnew
 enterprises are established and thatproduction does notcom

m
ence until EPB certification is received.

2Im
position of m

andatory tim
e lim

its for non-com
pliantenterprises to com

e into com
pliance or face shut-dow

n.
3The “Tw

o Com
pliance Policy”—

com
pliance w

ith discharge standards and am
bientstandards;thatis,m

oving from
 concentration-

based to m
ass-based or total load control.

Source:W
orld Bank Staff
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certification.T
he adoption rate,as in other

countries,
has 

been 
slow

—
27 

enterprises
received ISO

 14001 certification during the
first year.

T
he m

ajority of participants are
either 

foreign 
firm

s 
or 

dom
estic 

firm
s

engaged in production of export-oriented
products,

neither of w
hich are the sort of

industries responsible for the nation’s m
ain

pollution problem
s.

B
oth of these program

s are w
orth continu-

ing,although it w
ould be a m

istake to m
an-

date them
 in law

,w
hich is under considera-

tion in the case of C
leaner Production. 9

E
nterprises w

ill adopt these strategies w
hen

they have good incentives.
R

esource short-
ages and increasing prices are effective incen-
tives;so too is increased regulatory pressure.

T
he C

P
 and ISO

 14000 program
s can m

ake
a contribution to solving C

hina’s industrial
pollution control problem

s.B
ut they are not

a substitute for the budgets and m
anpow

er
needed to effectively enforce pollution law

s
and regulations.

T
he shift from

 concentration-based control
to m

ass-based control recognized that the
key to im

provem
ent in am

bient environ-
m

ental conditions w
as to restrict the total

load of pollutants em
itted,

not just their
concentration. 10

In 
1987,

SE
PA

 
(then

N
E

PA
) began to experim

ent w
ith m

ass-
based control to cap or reduce the total level
of pollutants released to the environm

ent in
certain areas.Seventeen cities and one river
basin w

ere selected to participate in trial

im
plem

entation of a discharge perm
it sys-

tem
 (D

P
S) based on the total-load-control

concept.T
he program

 expanded to over 200
cities 

and 
12,000 

enterprises 
by 

1994.
H

ow
ever,

studies 
of 

the 
pilot 

program
show

ed only m
odest gains in environm

ental
quality in participating cities (W

orld B
ank

2000),m
ainly because the program

 did not
address the underlying problem

 of lax regu-
latory enforcem

ent.M
ass-based control is a

necessity if real progress is to be m
ade in

im
proving am

bient environm
ental quality,

but it w
ill probably be too com

plex and
expensive to apply on a nationw

ide basis.
T

he approach should be adopted in pollu-
tion hotspots,and has to be accom

panied by
increased regulatory effectiveness and the
increased m

anpow
er and operational budg-

ets needed to achieve it.

T
he third shift,from

 dispersed-source con-
trol to the com

bination of centralized con-
trol and source control, 11

w
as prim

arily an
acknow

ledgm
ent 

of 
practical 

reality.
T

he
previous 

em
phasis 

on 
controlling 

w
astes

from
 individual sources w

as not achieving
the 

desired 
effects.

It 
placed 

too 
m

any
dem

ands on E
P

B
 staff for supervision,and

in the less-developed areas there w
as insuffi-

cient technical expertise to actually im
ple-

m
ent the policy.

E
ncouraging discharge of

pre-treated w
astes to m

unicipal sew
ers does

not elim
inate the need for supervision of

enterprises.
B

ut it reduces the m
onitoring

w
orkload and w

ill im
prove the econom

ics of
the centralized sew

erage system
,so long as
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discharge fees are set at levels that cover the
costs of receiving and treating the w

astes
and the fees are collected.

In sum
m

ary,
the shifts m

ade in industrial
pollution control during the 1990s w

ent in
the right direction.T

he level of success var-
ied,but the com

bined effect w
as beneficial.

T
he gross value of industrial output m

ore
than doubled betw

een 1991 and 1998,w
hile

the total discharge of m
ajor pollutants barely

increased. 12
W

aste 
treatm

ent 
rates 

also
increased (see F

igure 5.1).D
ue to the inad-

equate deterrent effect of the levies,the sam
e

cannot 
be 

said 
of 

treatm
ent 

efficiencies.
M

ore progress needs to be m
ade.T

able 5.3
highlights 

areas 
w

here 
im

provem
ent 

is
needed,using as m

odels current conditions
in 

the 
U

.S.,
Japan,

and 
representative

E
uropean 

countries 
such 

as 
D

enm
ark 

and G
erm

any.

K
ey issues to be dealt w

ith include:

■
Strengthening the rule of law

 and the
involvem

ent of courts.T
he environm

ental
legal system

 is at an early stage of devel-
opm

ent,and its effectiveness is ham
pered

by a w
ide variety of factors. 13

T
here is 

also a deeply ingrained problem
-solving 

culture on the part of all parties—
E

P
B

s,
other governm

ent agencies,and industrial
enterprises them

selves—
that is based on

negotiation and bargaining outside of the
court 

system
.

T
his 

m
ilitates 

against
recourse to the courts and w

ill have to be
overcom

e. 14T
hese factors are com

pounded

by the lack of a tradition of drafting law
s

so as to lim
it am

biguity and provide clear
guidance about the rights and responsibil-
ities of different parties.

In total,
there 

are m
ajor challenges to be overcom

e.A
s

regulatory 
effectiveness 

increases,
the

dem
ands for legal recourse and an effective

legal system
 w

ill rise accordingly.D
ue to

the com
plexity of the problem

,action on
this m

atter has to be expedited.

■
T

he discharge perm
it system

 (D
P

S) needs
to m

ove beyond the dem
onstration phase

and be progressively extended to m
ake it

m
andatory for all large point sources of

pollution,including m
unicipal w

astew
ater

treatm
ent plants.

■
A

n effective strategy has to be developed
for dealing w

ith sm
all stationary pollution

sources. 15
T

hese sources w
ill alw

ays be a 
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1990
1992

1994
1996

1998

Figure 5.1  Industrial W
aste Treatm

ent Rates, 1990-98

W
astew

ater
W

aste Air
Solid W

aste

Percent
N

ote: D
ata for CAO

Es only. TVIEs have substantially low
er 

treatm
ent rates although they too have been im

proving. 

Source: G
uo (1999).
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Strong legal foundations w
ith independent

judiciary and/or adm
inistrative appeals system

Strong com
m

and-and-control system
,

usually incorporating a perm
itting system

.

Financial incentives (levies,fines) are very 
effectively applied

There is a legal foundation,butitis notstrong 
in a legal sense.The courts are notyetplaying 
an active role in adjudicating environm

ental 
disputes.
The basic com

m
and-and-control fram

ew
ork exists

butenforcem
entis uneven and generally w

eak.
W

ill have to m
ove to a perm

itsystem
 in the short-

to-m
edium

 term
.

The pollution levy fee is an incentive m
echanism

,but
itis notsethigh enough to be effective.Italso pro-
vides perverse incentives.Fees need to be increased
and perverse incentives need to be rem

oved.

M
arketinstrum

ents (offsets,tradable 
perm

its) effectively applied
Strong public dem

and for cleaner environm
ent

provides positive reinforcem
entfor

environm
ental agencies

Public participation in legislative and 
adm

inistrative processes
Voluntary program

s only introduced at
late stage

M
arketinstrum

ents only applied atlim
ited pilot

scale and effectiveness is notvery high.
M

oderate public dem
and,m

ainly confined 
to w

ealthier urban areas.Continuing public 
education is needed.
M

inim
al public participation (butslow

ly increasing).

Early introduction of voluntary program
s but

w
ithoutstrong incentives,participation is lim

ited.

Continuous real grow
th in G

D
P and 

environm
ental protection budgets

M
assive cleanup over 25-year period,including rapid

reduction in shortperiods;for exam
ple,a 50 percent

reduction in toxic discharge from
 1987-90 in the U.S.

N
ew

 techniques introduced to continue im
prove-

m
ents in environm

ental quality;for exam
ple,

a recentJapanese law
 prom

otes 100 percent
recycling and reuse of m

unicipal solid w
aste.

Source:Adapted from
 Ecology and Environm

ent,Inc (1999)

Environm
ental protection budgets are notkeeping

up w
ith G

D
P grow

th or the rate of grow
th of 

the environm
ental m

anagem
entand protection

challenge.
EPBs are holding the ground againstindustrial 
pollution (m

aintaining em
ission constantw

hile
industrial G

D
P is increasing) butthey are not

getting ahead of it.

Table5.3
Elem

ents of Regulatory D
evelopm

entRequired in China

Key Features in the U
S,Japan,and G

erm
any

CurrentSituation in China

Legal and Adm
inistrative Fram

ew
ork

Incentives

Results
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regulatory headache,since both regulatory
and abatem

ent costs tend to be higher
than average.T

here are num
erous m

odels
from

 other countries that could be adapted
to the C

hinese situation.

U
R

B
A

N
E

N
V

IR
O

N
M

E
N

T
A

L

M
A

N
A

G
E

M
E

N
T

C
hina’s urban environm

ent is under trem
en-

dous stress,
w

ith high levels of am
bient 

particulate 
pollution,

rising 
autom

obile
em

issions,
large 

am
ounts 

of 
untreated

m
unicipal w

astew
ater,

and increasing solid
w

aste m
anagem

ent problem
s.T

he challenge
is difficult because of the com

plexity of the
issues,the large num

ber of institutions influ-
encing the pace and nature of developm

ent,
and the rapid rate of urban grow

th.
T

he
problem

s are not going unnoticed,how
ever.

T
he governm

ent has been assigning increas-
ingly large am

ounts of developm
ent spend-

ing to m
anage som

e of these problem
s. 16

T
he governm

ent’s approach to urban envi-
ronm

ental issues has been based on five
integrated principles,w

hich are described as
“unified 

planning,
optim

um
 

structure,
rational distribution,

appropriate construc-
tion,and com

prehensive renovation”(SE
PA

2000).
K

ey operational policies during the
9th FY

P
 including the follow

ing:
(a) all

C
hinese cities should draft and im

plem
ent

urban environm
ental protection plans;

(b)
the responsibility system

 should be extended
to cover m

unicipal governm
ents based upon

specific 
urban 

environm
ental 

protection
objectives;

(c) 
a 

com
prehensive 

approach
should be taken to control urban w

astew
ater,

air pollution,
solid w

aste,
and noise pollu-

tion;
and (d) classified guidance should be

provided in dem
onstration cities.

A
 num

ber of instrum
ents w

ere developed to
deal w

ith the adverse environm
ental effects

of urban grow
th and developm

ent (see T
able

5.4).H
ow

ever,in com
parison to the instru-

m
ents 

developed 
for 

industrial 
pollution

control,
they 

are 
few

er 
in 

num
ber,

less
sophisticated,and m

ore w
eakly applied.A

s a
result,they have been less successful. 17

T
he 

m
ain 

constraints 
to 

m
ore 

effective
urban pollution control include:

■
U

rban environm
ental pollution is dealt

w
ith as problem

s em
erge and along sector

lines or m
edia divisions.

M
ost cities do

not have environm
ental m

aster plans and
are not taking an integrated approach to
the 

problem
,

although 
there 

are 
som

e
notable exceptions such as B

eijing and
Shanghai.

C
ities that do not enjoy the

financial 
and 

technical 
advantages 

of
B

eijing and Shanghai need assistance in
urban 

environm
ental 

planning 
through

training,
handbooks and procedures,

and
technical cooperation arrangem

ents.

■
U

rban 
environm

ental 
services—

w
ater

supply,w
astew

ater collection and treatm
ent,

solid w
aste m

anagem
ent—

are generally
underpriced.T

hey do not provide a basis
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for sustainable continuation of the services,
nor do they provide sufficient basis for a
price response in dem

and.

■
Inadequate attention is given to the envi-
ronm

ental consequences of spatial plan-
ning.T

ransport planning,m
aintenance of

am
bient w

ater quality,
and provision of

public open space are particularly notable
deficiencies.

■
E

nvironm
ental control of urban construc-

tion sites is generally very poor;
again,

Shanghai and B
eijing are notable excep-

tions.T
here is an urgent need for develop-

m
ent and prom

ulgation of national stan-
dards for environm

ental m
anagem

ent of
urban 

construction,
w

ith 
particular

em
phasis on dust and noise control,runoff

m
anagem

ent,m
anagem

ent of construction
traffic,

storage of construction m
aterials,

and site clean-up.

■
T

he 
grow

ing 
environm

ental 
problem

s 
of sm

all cities and adm
inistrative tow

ns 
are 

not 
adequately 

being 
addressed.

E
nvironm

ental 
m

aster 
planning 

for 
these areas is being postponed until their
basic infrastructure has been im

proved.

R
U

R
A

L
E

N
V

IR
O

N
M

E
N

T
A

L

P
R

O
T

E
C

T
IO

N

U
nlike the efforts to control industrial pol-

lution and m
anage urban environm

ent,rural
environm

ental 
protection 

w
asn’t 

a 
m

ajor
governm

ent priority until the late 1990s.A
t

that tim
e,SE

PA
 w

as assigned direct respon-
sibility for several dim

ensions of the prob-
lem

,
including nonpoint pollution control

and control of anim
al w

astes.N
evertheless,

as a pollution control organization,there are
lim

its to the im
pact SE

PA
 can have in this

field.Progress is likely to depend m
ainly on

the 
on-going 

w
ork 

of 
the 

M
inistry 

of
A

griculture 
and 

other 
m

inistries 
w

hose
w

ork im
pinges directly on the state of the

rural environm
ent,structural reform

 of the
rural econom

y,and further progress in rural
poverty 

alleviation.
B

eyond 
that,

priority
issues that need to be addressed include:

■
M

ost natural resources m
anagem

ent prob-
lem

s in C
hina can be traced back to poorly

conceived and/or im
plem

ented rural and
natural resources developm

ent policies (see
C

hapters 2 and 3).T
he best hope for the

future lies in a significant correction of the
current im

balance betw
een developm

ent
and 

environm
ental 

protection.
W

ithout
such a correction,alm

ost all other strategies
w

ill be underm
ined.

■
Further reform

 of pesticide m
anagem

ent 
and control procedures is required to clarify
regulatory and m

onitoring responsibilities.
E

nforcem
ent of existing law

s and regula-
tions has to be strengthened considerably.

■
T

he 
approach 

to 
control 

of 
fertilizer

runoff has been based on a com
m

and-
and-control philosophy that is unrealistic
and inappropriate.

T
he solution lies in

reform
 of the dom

estic fertilizer m
arket,
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continued structural reform
 in the agricul-

ture production sector,farm
er education,

and m
ore effective soil conservation w

ork.
It is notable that C

hina has no soil conser-
vation service,even though it has som

e of
the w

orst erosion problem
s in the w

orld.

N
ational Priority

Program
s

A
 final arm

 of the environm
ent strategy dur-

ing 
the 

1990s 
com

prised 
a 

program
 

of
investm

ents to address priority environm
en-

tal issues.T
he program

 w
as devised in 1996

and incorporated into the 9th F
ive-Year-

P
lan for E

nvironm
ental Protection as the

“33211”
program

. 18
T

he overall concept of
the 

priority 
program

 
is 

basically 
sound;

given the scale of environm
ental problem

s in
C

hina,
a m

echanism
 is needed to focus

expenditures on priority issues.T
he effects

of various com
ponents of the program

 are
discussed in earlier chapters;

overall,
the

results have been m
ixed. 19T

he current score-
card in term

s of im
provem

ents in am
bient

environm
ental quality is:

■
 T

hree lakes program
.T

his program
 has had

lim
ited if any effect (see C

hapter 3 and
B

ox 3.1).

■
T

hree riv
ers program

.
T

his program
 m

ay
have had som

e beneficial effect in the H
uai

R
iver, 20but less so in the L

iang and H
ai.

C
onditions 

rem
ain 

serious 
in 

all 
three

rivers,and could w
ell deteriorate further.

■
T

w
o con

trol zon
es.

T
here has been good

progress 
on 

planning—
175 

cities 
in 

27 provinces have form
ulated pollution

control plans—
but less progress on im

ple-
m

entation;
by 

the 
end 

of 
1998,

only 
65 plans had been approved by the rele-
vant local governm

ents.
T

here are som
e

fundam
ental issues w

ith the program
 that

need to be addressed (see C
hapter 4).

■
O

n
e 

sea.
T

here 
has 

been 
no 

detectable
im

pact.

■
O

n
e 

city.
T

here 
have 

been 
significant

im
provem

ents.

N
otw

ithstanding the m
ixed success,the pro-

gram
 has to continue because the objectives

have not yet been achieved,
but there are a

num
ber of problem

s that need to be addressed:

■
C

ertain elem
ents w

ere far too am
bitious, 21

and in hindsight should not have been
included.

It m
ight be better to narrow

 
the program

 in the future.

■
Som

e program
s,

such as T
hree L

akes,
w

ere inadequately researched,and invest-
m

ents did not necessarily address all rele-
vant factors.

■
T

here w
ere coordination problem

s,w
hich

w
ere exacerbated by the haste to im

ple-
m

ent 
the 

program
s.

A
 

leading 
group

m
echanism

 for particular sub-program
s

m
ight provide a m

eans for overcom
ing

this problem
.
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Table5.4
U

rban Environm
ental M

anagem
entInitiatives

Instrum
ent

Content
Results/Issues

G
oal-responsibility 

system
 of 

environm
ental 

protection (1994)

Air pollution index
(1997)

Annual urban 
environm

ental quality
assessm

ents (1989)

Com
pels provincial governors,city m

ayors,
and county m

agistrates to sign contracts
thatspecify environm

ental goals to be
attained w

ithin their jurisdictions during
the contractperiod.They are designed to
ensure thatpolitical leaders w

eigh envi-
ronm

ental concerns equally w
ith econom

ic
developm

entplans.

Large cities are obliged to publish regular
air quality inform

ation.Currently,46 cities
publish a w

eekly air quality index,of w
hich

7
publish daily data (Beijing provides daily

m
onitoring results from

 eightsites).Since
June 2000,the national television netw

ork
has been reporting daily air quality indices
for 42

cities in its evening new
s bulletins.

SEPA conducts an annual,quantitative
assessm

entof environm
ental quality in 46

key cities and 524
ordinary cities.Tw

enty
w

eighted indices covering the areas of air,
w

ater,solid w
aste,noise,and tree coverage

are used to assign an overall score for 
each city.Results of the assessm

ents are
released to the m

edia.The policy also
requires m

ayors to incorporate objective
environm

ental quality objectives into 
their developm

entplans,and serves as 
a platform

 for local leaders to assign 
pollution control responsibilities am

ong
concerned sectors,as w

ell as a channel 
for public participation.

Contractterm
s are notpub-

lished,so their value depends 
on the w

eighthigher-level 
political leaders give them

.The
State Council goal of holding
provincial-level pollutanttotals
to 1995

levels by the year 2000
w

ill be open to independent
analysis,and this m

ay im
prove

the incentive to com
ply.

A radical change.M
akes data

m
anipulation m

ore difficult
and allow

s independentanalysis
of air quality trends and,by
extension,of the m

unicipal 
governm

ent’s effectiveness in
pollution control.M

ay have been
one of the m

osteffective public
education exercises yetunder-
taken in the environm

ental field.

Lim
ited effect.
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Table5.4 U
rban Environm

ental M
anagem

entInitiatives (Continued)

Instrum
ent

Content
Results/Issues

Environm
ental m

odel
cities program

 (1997)

Environm
ental review

of regional plans (1998)

U
rban environm

ental
tariffs (1999)

Cities can volunteer to have environm
ental

sustainability of their developm
entpro-

gram
s evaluated by panels of experts

organized by SEPA.The evaluation criteria
include a range of indices of environm

en-
tal quality,investm

ent,and m
anagem

ent
as w

ell as other indicators relating to social
and econom

ic conditions and public envi-
ronm

ental aw
areness.As of the end of

1998,11cities had been nom
inated as 

environm
ental m

odel cities.

SEPA is required to carry outenvironm
ental

review
s of regional plans and sectoral 

econom
ic policies.

The "N
otice on Increasing W

astew
ater

Treatm
entFees and Establishm

entof
Centralized U

rban W
astew

ater Treatm
ent

System
s" (SD

PC,M
O

C,SEPA) requires that
centralized civil w

astew
ater treatm

entfees
be collected nation-w

ide.W
astew

ater treat-
m

entplants are required to be run as enter-
prises,to keep separate accounts,take full
responsibility for profits and losses,and to
pay taxes.M

unicipal w
ater com

panies w
ill

incorporate w
astew

ater-treatm
entfees into

the w
ater tariffs and rem

itthese to w
aste-

w
ater-treatm

entcom
panies m

onthly.

In cities w
ithoutcentralized w

astew
ater treat-

m
entplants,the w

astew
ater-treatm

entfee
m

ay be used,subjectto local governm
ent

approval,to accum
ulate investm

entfunds for
new

 treatm
entplantconstruction,although

they m
ustbe com

pleted and operational
w

ithin three years from
 the date the local

governm
entstarts fee collection.

Cities participate in the belief
thatreceiving the title of 
environm

ental m
odel city w

ill 
create a favorable investm

ent
environm

ent,increase tourism
,

and otherw
ise benefitthe local

econom
y.Take-up has notbeen

very high.A contributing factor
m

ay be thatthe risks of getting
a bad rating outw

eigh the 
benefits of getting a good one.

SEPA lacks both the staff and
expertise to effectively carry 
outthis function.

An essential policy.Ithas been
im

plem
ented in a w

ide range 
of leading cities,including 
m

ostnotably,Beijing,w
hich 

now
 charges households RM

B 3
(U

S $0.36) per m
onth as a

w
aste disposal fee.This is 

probably notcovering O
&

M
costs,butitis a step in the
rightdirection.

N
ote:

aIf itis assum
ed thatan average fam

ily of three generates 120 l/c/d of w
astew

ater,the
fee w

orks ataboutRM
B 0.3/m

3,w
hich w

ould be considerably less than the nom
inal O

-and-M
cost(RM

B 0.5 – 1.5/ m
3,depending on the circum

stances.

Source:W
orld Bank Staff
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■
T

he focus w
as alm

ost entirely on capital
investm

ent,w
hich w

as not alw
ays the sole

source of the problem
.O

ther factors gen-
erally not covered included lack of opera-
tional funds,lack of technical capacity,and
lack 

of 
public 

aw
areness.

T
hese 

issues
need to be addressed in the future.

To increase political attention and invest-
m

ents,a sim
ilar approach is being developed

to address “ecological conservation”
issues.

D
uring 

the 
10th 

F
ive-Year-P

lan,
SE

PA
intends to im

plem
ent a “three areas strategy”

w
ith the follow

ing com
ponents:

■
T

he
S

pecial E
co-fu

n
ction

al P
rotection

 A
rea

is a program
 of investm

ents focused on
the headw

aters of the Yangtze and Yellow
R

ivers that is intended to address the
underlying causes of recurrent flooding,
w

ater 
shortages,

w
aterlogging 

in 
the 

low
er reaches,and sandstorm

s.

■
T

he
K

ey 
R

esou
rces 

E
x

p
loitation

 
A

rea 

is intended to rationalize natural resources
m

anagem
ent in the T

arim
 R

iver B
asin

(X
injiang Province) and the catchm

ent 
of the T

hree G
orges D

am
.

■
T

he
R

ich B
iodiv

ersity A
rea an

d E
cological

S
ou

n
d 

A
rea w

ould 
establish 

20 
nature

reserves 
of 

national 
significance 

in
H

ainan,Jilin,and Jiangsu provinces.

T
his program

 needs to be approached cau-
tiously.Superficially,it m

ay develop problem
s

sim
ilar to the 33211 program

.G
reat care is

needed to ensure that (a) expectations of

political leaders are not raised too high;(b) a
step-by-step approach is follow

ed,
starting

w
ith sm

all-scale pilots and gradually build-
ing up;(c) resources are directed at m

anage-
able problem

s;(d) the program
s should not

only support capital investm
ents,

but also
provide support for institutional develop-
m

ent,
capacity building,

and other “soft”
problem

 areas;and (e) the new
 three-areas

program
 should not divert resources and

attention from
 the ongoing 33211 program

.

N
ew

 Challenges 
T

w
o new

 challenges are of particular con-
cern to SE

PA
 and w

ere review
ed as part of

the 
background 

research 
underlying 

this
report:

(1) C
hina’s accession to the W

orld
T

rade O
rganization (W

T
O

);
and (2) the

governm
ent’s 

proposed 
“G

reat 
W

estern
D

evelopm
ent P

lan.”T
hese issues,w

hich are
briefly sum

m
arized here,

are review
ed in

detail in a chapter in the statistical annex
(see attached C

D
-R

O
M

).

A
C

C
E

S
S

IO
N

T
O

T
H

E
W

O
R

L
D

T
R

A
D

E
O

R
G

A
N

IZ
A

T
IO

N

T
he m

ain effect of W
T

O
 accession w

ill 
be 

to 
reinforce 

and 
probably 

accelerate
m

any changes in the patterns and form
s 

of production that are already taking place.

In agriculture and forestry,W
T

O
 accession

w
ill 

probably 
speed 

existing 
production

shifts tow
ard C

hina’s areas of com
parative 
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advantage,
including labor-intensive activi-

ties such as livestock,
fruit and vegetables,

aquaculture,non-tim
ber forest products,and

highly transform
ed tim

ber products such as
furniture.

It w
ill tend to shift production

aw
ay from

 areas of com
parative disadvan-

tage,
including w

ater-intensive agricultural
sectors such as grain production,and land-
intensive form

s of forestry production such
as 

w
oodchips 

and 
low

-grade 
pulp.

O
n 

balance,the direct environm
ental effects are

expected 
to 

be 
beneficial,

although 
the

increm
ental im

pact m
ay be little different

from
 effects already being experienced due

to dom
estic structural reform

.

T
he indirect effects arise prim

arily as a result
of the social im

plications of change.From
 a

m
acroeconom

ic perspective,it is likely that
the aggregate effect of the changes in agri-
cultural and forestry production attributable
to W

T
O

 entry w
ill be econom

ically and
socially beneficial.

H
ow

ever,
it is equally

likely that these benefits w
ill not be spread

evenly across the rural com
m

unity.
T

here
w

ill be w
inners and losers;on balance,som

e
of the m

ost significant adverse indirect envi-
ronm

ental effects could be associated w
ith

the losers.
C

om
m

unities m
ost likely to be

losers are inland rural com
m

unities,particu-
larly those located in the poorer counties
w

here susceptibility to land degradation is
highest,

and w
ho have the least physical,

intellectual,
and/or 

financial 
capacity 

to
diversify production in the face of changed
m

arket 
conditions.

If 
these 

com
m

unities

cannot successfully adapt to change,
they

m
ay increase their usage of the only factors

of production readily available to them
—

their ow
n labor and surrounding unutilized

land.T
his could increase land degradation

and 
exacerbate 

associated 
environm

ental
im

pacts such as erosion,sedim
entation,and

loss of biodiversity.

T
he degree to w

hich such risks actually
m

aterialize w
ill depend on the level and

effectiveness of support provided by the gov-
ernm

ent to help these com
m

unities adapt to
changing circum

stances.T
he types of sup-

port m
ost likely to be of assistance include

increased (a) labor-intensive public w
orks

program
s to help m

aintain incom
e levels

during transition periods;(b) access to new
production technologies through support for
applied 

research,
enhanced 

agricultural
extension services,

and production and/or
developm

ent credit;(c) vocational training,
particularly for younger farm

ers;
and (d)

access to childhood education and im
proved

health services to im
prove the capacity of

the 
next 

generation 
to 

transcend 
local 

constraints to developm
ent.

A
 sim

ilar story holds for industrial pollution.
T

he m
ain effect of W

T
O

 accession w
ill be to

increase 
com

petition 
for 

local 
industries,

w
hich w

ill require them
 to strengthen their

technology,
know

ledge base,
and quality of

m
anagem

ent 
(C

A
SS 

2000).
T

he 
m

ost
adversely 

affected 
industries 

w
ill 

be 
the

“sm
okestack”

industries,
w

hich are signifi-
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cant pollution sources and are frequently
characterized by their low

 state of technolog-
ical developm

ent,
low

 product quality,
and

high consum
ption of raw

 m
aterials,particu-

larly energy and/or w
ater. 22T

hese industries
are already disadvantaged by the new

 indus-
trial developm

ent environm
ent in C

hina,so
it is difficult to see that W

T
O

 accession w
ill

add anything new
 to existing trends.

T
he w

inners are likely to include the apparel,
electronics,textile,leather,food processing,
and other light m

anufacturing sectors.Som
e

of these—
particularly textiles,

leather,
and

food processing—
can be significant pollution

sources,
and it w

ill be im
portant to bring

them
 into the regulatory net from

 the outset.
In 

general,
it 

is 
far 

easier 
to 

apply 
pollution control system

s to new
 enterprises

than retrofit them
 to old enterprises,so the

environm
ental risk associated w

ith this new
industrial developm

ent w
ill be som

ew
hat

less than w
ith the old industries.

A
 potentially beneficial indirect effect of

W
T

O
 accession could arise in term

s of the
variety and quality of environm

ental protec-
tion technology that becom

es available on the
local m

arket.
Increased foreign com

petition
could prom

pt consolidation of local firm
s

and increase investm
ents in new

 technology,
w

hich could reduce pollution control costs.

O
verall,the experience to date suggests that

international trade has not adversely affected
C

hina’s environm
ent,

and the prospects are
that this experience w

ill continue follow
ing

W
T

O
 accession (W

heeler et al.1999).T
he

m
ain need is to rem

ain vigilant against poten-
tial m

igration of polluting activities or im
port

of hazardous m
aterials in response to w

eak
dom

estic enforcem
ent of relevant law

s and
regulations.T

he challenge to environm
ental

m
anagem

ent is not a flood of dirty industries,
but about how

 to help raise the environm
ental

perform
ance of dom

estic industries and other
trading sectors so they can face increased
international environm

ental scrutiny.

E
N

V
IR

O
N

M
E

N
T

A
L

I
M

P
L

IC
A

T
IO

N
S

O
F

T
H

E
G

R
E

A
T

W
E

S
T

E
R

N

D
E

V
E

L
O

P
M

E
N

T
P

L
A

N

T
he “G

reat W
estern 

D
evelopm

ent 
P

lan”
(m

ore 
literally,

“G
reat 

O
pening 

of 
the

W
est”;

xibu
 dakaifa) is intended to re-direct

state-sponsored 
developm

ent 
expenditures

aw
ay from

 the w
ealthier coastal provinces

tow
ard inland provinces and autonom

ous
regions,

w
hich 

have 
been 

relatively 
less

favored by such expenditures over the last 20
years.T

he details of the plans are still being
w

orked out,but the m
ain focus is expected

to 
be 

on 
(a) 

infrastructure 
developm

ent;
(b) 

ecological 
construction;

(c) 
industrial

restructuring;
(d) 

strengthening 
science,

technology,and education;(e) strengthening
local 

adm
inistrative 

capacity;
and 

(f) 
prom

oting foreign direct investm
ent.

C
hina has a history of am

bitious govern-
m

ent-sponsored 
developm

ent 
initiatives.

T
hese initiatives have generally been w

ell-
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intentioned,but have had lim
ited develop-

m
ent 

im
pact 

and 
adverse 

environm
ental

consequences.T
his experience is not unique

to C
hina;

the track record of large-scale
regional 

developm
ent 

program
s 

in 
m

any
other countries has also been m

ixed,
w

ith
developm

ent im
pacts frequently not m

eeting
expectations,

w
hile adverse environm

ental
consequences 

w
ere 

w
orse 

than 
originally

expected.
T

here is a risk that the G
reat

W
estern D

evelopm
ent P

lan could result in a
repetition of these m

istakes,particularly if it
is carried out hastily and w

ith inadequate
planning and evaluation.T

his risk has been
w

idely 
recognized 

am
ong 

environm
ental

experts in C
hina. 23

T
he key to m

inim
izing the adverse environ-

m
ental consequences of the plan w

ill be to
“m

ake haste slow
ly,”particularly w

ith regard
to investm

ents that have uncertain environ-
m

ental im
pact potentials,

including large-
scale infrastructure developm

ents,
agricul-

tural 
production 

initiatives,
and 

other
investm

ents w
ith the potential to register

direct 
and/or 

indirect 
environm

ental
im

pacts at scales larger than the project
itself.In the B

ank’s analysis,G
reat W

estern
D

evelopm
ent projects have been placed in

one of three priority categories:
(a) “G

o,”
w

hich includes developm
ents that have little

or no adverse environm
ental im

pact poten-
tial and/or are precursors necessary to reduce
the adverse environm

ental im
pact potential

of later investm
ents;(b) “G

o Slow
ly,”w

hich
includes developm

ents w
ith only localized

im
pacts that can be effectively evaluated

through conventional environm
ental im

pact
assessm

ent 
procedures;

and 
(c) 

“W
ait,”

w
hich 

includes 
developm

ents 
that 

could
have adverse im

pacts at a regional scale and
need to be carefully studied and evaluated
before proceeding.

Future M
anagem

ent
N

eeds and Priorities
C

hina has reason to be pleased w
ith its

progress in developing the law
s,regulations,

and 
institutions 

necessary 
to 

underw
rite

environm
entally sustainable developm

ent.It
is am

ongst the leaders in the developing
w

orld.B
ut given the scale of problem

s con-
fronting it,best in class is not good enough.
C

hina has to m
atch the environm

ental m
an-

agem
ent perform

ance of the leading O
E

C
D

countries;by that m
easure,it has a long w

ay
to go.

T
he long list of priority actions on

environm
ental institutions and legal/regula-

tory instrum
ents is as follow

s:

I
N

S
T

IT
U

T
IO

N
S

■
C

ross-sectoral coordination on environ-
m

ental issues needs to be strengthened.
T

he 
best 

option 
is 

to 
reconstitute 

an
“SE

P
C

-like”
institution under the State

C
ouncil to provide a venue for negotiating

and agreeing on collaborative approaches
to 

cross-cutting 
environm

ental 
issues,

particularly 
developm

ent 
policies. 24

It
w

ould ensure that environm
ental effects
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are taken into account in setting sectoral
developm

ent 
policies;

reduce 
overlaps 

and 
contradictions;

m
axim

ize 
synergies

betw
een the w

ork of different agencies;
and adjudicate disputes.For this institution
to be effective,it needs a pro-active secre-
tariat and the financial resources necessary
to com

m
ission studies and spin off techni-

cal groups to address particular issues.A
n

alternative w
ould be to raise SE

PA
’s status

to the level of a front-rank cabinet m
inistry,

but this w
ould be less effective.

■
T

ighten the connection betw
een resources

and responsibilities in environm
ental pro-

tection agencies.
A

s a m
atter of priority,

the governm
ent should carry out a m

ajor
m

anagem
ent and staffing review

 of envi-
ronm

ental 
institutions 

at 
all 

levels 
to

assess the significance of the gap and
develop strategies to deal w

ith it. 25
E

ven
w

ithout the benefit of such a study,it is
already obvious that environm

ental pro-
tection agencies need to (a) narrow

 their
focus;

(b) concentrate the bulk of their
efforts on that sm

all num
ber of issues

w
here they have com

parative advantages,
both technically and adm

inistratively;and
(c) give priority to technical problem

s that
are potentially solvable.

■
M

ove tow
ard full financing of environ-

m
ental institutions through the govern-

m
ent’s 

regular 
budget.

T
he 

ultim
ate

objective should be to fully finance the
operations of E

P
B

s through norm
al budg-

etary channels,but this w
ill require reform

of the entire fiscal system
.

A
n interim

solution w
ould be to continue w

ith the
current system

,but to m
odify it to rem

ove
the 

perverse 
incentives.

A
n 

exam
ple

w
ould be m

oving aw
ay from

 levies,w
hich

are 
applied 

only 
w

hen 
concentration 

standards are exceeded,to pollution taxes,
w

hich apply to all discharged pollutant
loads,

w
hether or not they exceed pre-

scribed standards.T
his is technically feasi-

ble,
although not sim

ple (W
orld B

ank
2000),since it w

ill require m
ajor im

prove-
m

ents in the environm
ental m

onitoring
system

.In the long term
,all such taxes—

and,for that m
atter,all other adm

inistra-
tive fees—

should be passed on to the 
relevant taxation agencies.In the short-to-
m

edium
 

term
,

how
ever,

there 
seem

s 
no realistic alternative to their partial
retention by the concerned E

P
B

.

■
R

esolve horizontal/vertical contradictions.
O

ptions for proceeding further on this
m

atter include (a) increasing the direct
regulatory function of SE

PA
 itself,perhaps

through adoption of a regional structure
along the lines of the U

S E
PA

 and the
People’s B

ank of C
hina;and/or (b) dele-

gating regulatory pow
er over all but the

sm
allest industrial enterprises to m

unici-
palities and provinces and aw

ay from
 the

county level;and/or (c) increasing super-
vision and audits of the perform

ance of
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low
er-level 

E
P

B
s 

by 
higher 

levels 
to

expose instances of continued failure to
enforce relevant law

s and regulations.

R
E

G
U

L
A

T
IO

N
S

A
N

D
I

N
S

T
R

U
M

E
N

T
S

■
Im

prove the rule of law
 and increase the

role of courts.T
he agenda is huge.

K
ey

steps include (a) increasing public aw
are-

ness of the possibility that the courts could
be an ally in pursuing pollution com

plaints;
(b) developing m

ore transparent legisla-
tive and rule-m

aking processes to build
consensus betw

een the regulating agen-
cies,the regulated parties,and the public
on the value of a stronger legal base;

(c)
allow

ing m
ore active public participation

in the regulatory process at all stages,
from

 drafting of environm
ental legislation

to 
enforcem

ent 
activities;

(d) 
further 

m
odifying existing environm

ental law
s 

to include provisions for com
m

on-law
 

presum
ptive 

judgm
ents 

that 
m

ake 
a 

violation of a standard by itself a crim
e;(e)

involving the court system
 in review

ing
the constitutionality of legislation,

inter-
preting its am

biguities,and review
ing the

clarity and propriety of the delegation of
adm

inistrative authority;and (f) increas-
ing the role of the court system

 in trying
and punishing violators.

■
Introduce a perm

it system
 for large point

sources of pollution.A
 perm

it is essentially
a contract betw

een the pollution control
agency and an industrial enterprise that

contains a variety of standard term
s and

conditions (that is,
they do not have to 

be developed for each new
 enterprise) 

and other undertakings relating to the

5
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Box 5.1
Environm

ental Perm
its in 

O
ECD

 Countries

Perm
itting schem

es are established by general
environm

ental protection law
s,butm

ostof the
details are contained in regulations (w

hich are
easier to change).The regulations specify the
industries,processes,installations,and chem

ical
substances or types of nuisances to w

hich per-
m

itting applies.They also define the criteria 
for industrial facilities subject

to perm
itting 

and further break dow
n the target

industries
according 

to 
size,

type 
of 

activities,
and 

toxicity of releases.
U

sually,
thresholds are 

setbelow
 w

hich enterprises are exem
pted from

the perm
itting process.

D
epending on the 

country’s environm
ental fram

ew
ork,

the type 
of facilities concerned,and the environm

ental
circum

stances 
under 

consideration,
perm

it
adm

inistration m
ay be delegated to regional and

local authorities.In m
any,if not

all countries,
perm

itrequirem
entconditions can be appealed.

Alm
ost

alw
ays,

there are provisions for non-
com

pliant
enterprises to com

e into com
pliance

over a defined period of tim
e.

In sum
m

ary,the perm
itting system

 is a proce-
dure by w

hich an authorization is granted to a
facility or individual to perform

 an activity under
specific legal conditions deem

ed necessary to
ensure the protection of environm

ental quality
and public health.

Source:O
ECD

 (1999)
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legal and regulatory obligations of the 
enterprise (see B

ox 5.1).T
he perm

it can
include an acknow

ledgem
ent that a breach

of the perm
it conditions constitutes a vio-

lation of the law
.A

n essential adjunct to
the perm

it system
 w

ould be elim
ination of

the concept of a pollution levy and its
replacem

ent by a schedule of adm
inistra-

tive fees to issue perm
its and punitive fines

for any breach of conditions.

■
D

evelop flexible and m
ixed instrum

ents
for 

sm
all 

stationary 
sources.

D
ifferent

countries 
have 

developed 
different

approaches,
but the m

ethod used in the
N

etherlands w
ould be w

orthy of close
study.

To reduce the need for discharge
m

onitoring,sm
all and interm

ediate firm
s

are assigned a num
ber of pollution units

based on the general pollution characteris-
tics of their sub-sector,and their pollution
charges/perm

it fees are based on those
general criteria.If a firm

 feels that it can
better the general sector perform

ance,
it

retains the option of direct m
easurem

ent
to establish that fact.

■
Increase 

training 
and 

hum
an 

resource
developm

ent at the low
er levels,particu-

larly in the w
estern region.SE

PA
 should

assist low
er-level E

P
B

s to m
ake better use

of the environm
ental im

pact assessm
ent

system
 as a tool in m

ass-based pollution

control;that is,environm
ental assessm

ents
for industrial enterprises need to assess
increm

ental pollution loads attributable to
proposed developm

ents,and these should
be used to determ

ine how
 developm

ents
can 

proceed 
w

ithout 
increasing 

total
loads.

In addition,
partnerships betw

een
E

P
B

s in eastern and w
estern areas should

be encouraged as a basic part of the cur-
rent w

estern developm
ent strategy.

■
R

eview
 and update discharge and em

is-
sion 

standards.
T

he 
existing 

industrial
em

issions standards need to be reassessed
according to m

ass-loading control objec-
tives as w

ell as am
bient quality goals.

M
eanw

hile,requirem
ents for flow

 m
eter-

ing and alternative m
ethods for calculat-

ing total load should be added to the dis-
charge standard.

F
ine particulate control

em
issions standards for industrial boilers

w
ill need to be tightened.

■
P

rom
ote 

urban 
environm

ental 
m

aster
planning.

T
he 

effectiveness 
of 

SE
PA

’s
m

andate to review
 urban m

aster plans is
lim

ited due to staff shortages and the
technical difficulties of actually doing the
w

ork.
M

ost cities do not have environ-
m

ental m
aster plans,

and their planners
have lim

ited know
ledge of the environ-

m
ental consequences of different planning

strategies.SE
PA

,in collaboration w
ith the

M
inistry 

of 
C

onstruction 
and 

State
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D
evelopm

ent 
P

lanning 
C

om
m

ission,
needs to develop and dissem

inate som
e

basic 
urban 

environm
ental 

planning
guidelines and m

anuals,including a com
-

prehensive 
checklist 

for 
environm

ental
considerations 

in 
urban 

developm
ent.

SE
PA

 
also 

should 
advocate 

increased
public participation in urban planning and
collaborate w

ith M
O

C
 on piloting public

participation procedures in selected cities.

■
T

he sequenced policy for dealing w
ith 

urban 
environm

ental 
issues 

should 
be 

reconsidered.T
he current plan is for urban

environm
ental 

protection 
plans 

to 
be

developed 
progressively 

for 
large 

cities
(9th FY

P
),m

edium
 and sm

all cities (10th
FY

P
),

and sm
all tow

ns (11th FY
P

).
It

w
ould be better to prioritize according to

the seriousness of environm
ental problem

s
rather than the size of the urban area.
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N
otes

1.T
his refers to the conflict betw

een an E
P

B
’s vertical

responsibility to higher-level E
P

B
s and SE

PA
,and its hori-

zontal allegiances to its ow
n level of governm

ent,w
hich 

provides its budget.L
ocal governm

ents often have a different
view

 from
 SE

PA
 on the balance betw

een the environm
ent

and developm
ent,particularly in cases w

here the local 
governm

ent m
ay be the w

hole- or part-ow
ner of a polluting

enterprise.T
his represents one of the m

ost serious constraints
on the effectiveness of pollution m

anagem
ent in C

hina.

2.T
he first w

as the environm
ental responsibility system

 
of 1989 (still in force),under w

hich local governm
ent lead-

ers sign annual contracts w
ith higher-level E

P
B

s agreeing 
to help E

P
B

s reach certain environm
ental targets and 

specifying specific investm
ent projects to m

eet these 
goals.A

ccording to environm
ental adm

inistrators,this 
system

 has im
proved environm

ental m
anagem

ent in the
jurisdictions concerned.

3.In this capacity,they can report directly to the provincial
governm

ents rather than through an interm
ediary.

4.For exam
ple,the U

S E
nvironm

ental Protection A
gency 

is an independent agency reporting directly to the president,
giving it m

any of the characteristics of a cabinet-level m
in-

istry.In G
erm

any and France,the environm
ental agencies

are cabinet m
inistries.In the U

K
 and N

etherlands,the envi-
ronm

ental agencies are part of m
uch larger and pow

erful
cabinet-level line m

inistries w
orking in related fields such 

as housing and physical planning.(L
ovei and W

eiss 1997)

5.Som
e city E

P
B

s are reported (W
orld B

ank 2000) to rely
on pollution levies for as m

uch as 90 percent of their funding.

6.T
hese term

s are not entirely synonym
ous.SE

PA
’s term

did not originally encom
pass every dim

ension of w
hat w

est-
ern environm

entalists w
ould know

 as sustainable natural
resources m

anagem
ent.It started out focusing on nature

conservation (in its ow
n nature reserves) and issues such as

nonpoint pollution (particularly due to runoff of fertilizers
and pesticides),prom

otion of ecological agriculture,m
an-

agem
ent of livestock w

astes,and control of “w
hite pollution”

(litter due to discarded plastic film
).M

ore recently,it has
expanded to encom

pass concepts such as regional land use
m

anagem
ent—

the “T
hree A

reas Strategy”is an exam
ple.

In m
aking such distinctions,SE

PA
 is attem

pting to avoid
overlap w

ith the on-going w
ork of other agencies such as

the M
inistry of W

ater R
esources,M

inistry of A
griculture,

and State Forestry A
dm

inistration.

7.T
he ISO

 14000 series is a collection of voluntary consensus
standards intended to assist organizations to achieve envi-
ronm

ental and econom
ic gains through the im

plem
entation

of effective environm
ental m

anagem
ent system

s.T
he series

includes a w
ide variety of subsidiary standards covering 

m
atters such as form

ulating an environm
ental policy,

developing and im
plem

enting environm
ental m

anagem
ent

system
s,and environm

ental auditing.

8.T
he program

 w
as developed w

ith the assistance of 
U

N
E

P
 and U

N
ID

O
.T

he W
orld B

ank provided m
aterial

support through the E
nvironm

ental T
echnical A

ssistance
Project,w

hich established a U
S$6 m

illion line of credit 
to underw

rite installation of dem
onstration cleaner produc-

tion system
s in five representative industrial enterprises,

plus technical assistance funds to underw
rite various 

technical studies,training,and preparation of basic 
procedures m

anuals.

9.A
 C

leaner Production A
ct w

as drafted by the State
E

conom
ic and T

rade C
om

m
ission and subm

itted for 
review

 to the N
ational People’s C

ongress in February 2001.

10.T
he national pollution control objective for the year

2000 w
as to m

aintain em
issions of 14 m

ajor w
ater,air,

and solid w
aste pollutants at their 1995 levels.B

y the end 
of 1999,average em

issions of five m
ajor pollutants (C

O
D

,
SO

2 ,soot,fugitive dust,and industrial solid w
aste) w

ere
about 30 percent low

er than the targets,significantly
exceeding expected perform

ance.

11.Principally,this is achieved by prom
oting discharge of

sem
i-treated w

astes to m
unicipal sew

ers or,in areas w
ithout

sew
erage system

s,developm
ent of centralized w

astew
ater

treatm
ent system

s in industrial estates.

12.A
s discussed in C

hapter 1,there w
ere other contributing

factors,including the industrial slow
dow

n during the second
half of the decade,w

hich played a m
inor role,and industrial

restructuring,w
hich has favored developm

ent of industries
producing less pollution per unit of output.T

he rest of the
observed result can be attributed to the effects of increased
adm

inistrative and regulatory pressure through the three
shifts plus the application of short-term

 and ad hoc 
interventions such as the program

 to shut dow
n 15 kinds 

of sm
all enterprises.

13.M
ost form

s of non-com
pliance w

ith pollution control
law

s are not actionable offenses.E
P

B
s have lim

ited access 
to legal expertise,there is no tradition of settling regulatory
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issues through the courts,and m
ost industrial firm

s do 
not acknow

ledge that violating environm
ental law

s and
standards is a legal offense.

14.N
egotiation and arbitration are useful m

ethods of
resolving disputes,but they w

ill not be sufficient to deal
w

ith serious and econom
ically significant disputes that w

ill
inevitably arise w

hen E
PB

s start rigorously enforcing the law
s.

15.T
w

o key issues are air em
issions from

 sm
all industrial

boilers and furnaces in urban areas,and w
ater em

issions
from

 sm
all-scale industrial enterprises.

16.For exam
ple,the m

ajority of the U
S$19.3 billion in

national infrastructure bonds floated in 1998 and 1999 w
as

used to underw
rite m

unicipal w
ater-supply and w

astew
ater

treatm
ent system

s.T
he funds w

ere partly used to finance
253 m

unicipal w
astew

ater treatm
ent plants w

ith a total
treatm

ent capacity of 23 m
illion m

3/day.

17.C
om

pliance w
ith urban pollution targets during the 9th

FY
P

 w
as m

uch less than com
pliance w

ith industrial pollu-
tion targets.Som

e urban pollution targets w
ere not m

et (for
exam

ple,SO
2

em
issions w

ere m
ore than 50 percent above

target) and others w
ere m

et less convincingly than in the
industrial sector (for exam

ple,urban C
O

D
 loads w

ere only
13 percent better than target,w

hereas industrial C
O

D
 

discharges w
ere 57 percent better than target).

18.T
hree R

ivers (H
uai,H

ai and L
iang),three lakes (C

hao,
D

ianchi and T
ai),tw

o control regions (SO
2

and acid rain),
one sea (B

ohai),and one city (B
eijing).

19.Som
e of these program

s have long-term
 tim

e horizons
and are m

eant to be approached in step-by-step fashion.T
he

fact that im
provem

ents have not been registered in the ini-
tial stage of a program

 does not necessarily m
ean it is failing.

20.T
he conclusion depends on w

hich environm
ental data-

base is consulted.SE
PA

 has concluded,based on analysis 
of its ow

n data,that conditions in the H
uai R

iver im
proved.

H
ow

ever,analysis of m
ultiple databases (W

orld B
ank et al.

2001) suggests that w
ater quality,as reflected by C

O
D

,con-
tinued to deteriorate.T

he fact that it is so difficult to deter-
m

ine w
hat actually happened illustrates the need to signifi-

cantly im
prove environm

ental m
onitoring and data m

anage-
m

ent system
s.

21.A
 good exam

ple is the “one sea”com
ponent.T

he sources
of pollution of B

ohai are so diverse that it is difficult to
im

agine any program
 of rem

ediation that could have any
im

pact in less than a decade,even if then.

22.T
he m

ost significant of these from
 an environm

ental
point of view

 are non-m
etal m

ineral production;chem
ical

production;pulp and paper production;textiles;ferrous
sm

elting and processing;and m
ining and electricity 

production (W
orld B

ank 2000).

23.T
he chairm

an of the environm
ent and natural resources

com
m

ittee of the N
ational People’s C

ongress,Professor 
Q

u G
eping,has w

arned that w
ithout proper controls the

new
 program

 could lead to severe environm
ental degrada-

tion (C
hina Youth D

aily,M
arch 4,2000).H

e noted that
historically in C

hina,severe pollution and environm
ental

degradation accom
panied rapid developm

ent.A
n editorial 

in the C
hina E

nvironm
ent N

ew
s (M

arch 7,2000) also
advocated that readers should take a m

ore sober view
 tow

ard
w

hat it called the “W
estern developm

ent craze.”It pointed
out that the W

est suffers from
 w

idespread soil erosion,low
agricultural productivity,w

ater shortages,and w
ater quality

problem
s.Irrational developm

ent could cause significant
ecological dam

age.T
he top priority for W

estern develop-
m

ent should be environm
ental sustainability.

24.A
n option suggested by som

e C
hinese com

m
entators 

is to use the existing coordination arrangem
ents (betw

een
SD

P
C

,SE
T

C
,and SE

PA
) that w

ere used for review
 of 

the 9th and 10th F
ive-Year E

nvironm
ental P

lans and for
setting the national environm

ental targets for 2010.T
his

m
echanism

 has w
orked reasonably w

ell for industrial 
pollution issues,but m

ay be less effective w
hen it com

es 
to “green”environm

ental issues.

25.T
he issues to be addressed in such a study,perhaps

through a series of case studies of E
P

B
s from

 different levels
in the hierarchy,w

ould include:(a) current budgets and
resources,and recent trends;(b) the scope of w

ork of E
P

B
s,

as defined by relevant law
s and regulations,w

hat they are
actually doing,and the extent (and reasons) to w

hich they
are not carrying out all assigned responsibilities;(c) how

 
the current skills m

ix of the E
P

B
s fits w

ith the range of
activities they are trying to carry out;(d) how

 effectively 
and efficiently they are using current budgets,and w

hat
opportunities are available to extract m

ore value from
 their

current budgets;and (e) the degree to w
hich the duties of

E
P

B
s are likely to change in the near future due to changes

in econom
ic structure and/or the roles and duties assigned

to them
,and the budgetary and m

anpow
er im

plications of
these changes.T

he findings w
ould provide a basis for SE

PA
and the low

er-level E
P

B
s to develop strategic plans,staff

developm
ent plans,training plans,and so on.
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T
his environm

ental sector update started
w

ith a review
 of the W

orld B
ank’s 1990-

2000 environm
ental portfolio in C

hina.T
he

review
 w

as intended to assess the relation-
ship betw

een the B
ank’s assistance program

and priority environm
ental issues in C

hina
identified in relevant F

ive-Year-P
lans and

the B
ank’s ow

n 1992 environm
ental sector

study (W
orld B

ank 1992).T
he results pro-

vide a basis for identifying w
ays to strengthen

environm
ental support during the 10th FY

P.

O
verall,the review

 show
ed that the B

ank’s
environm

ental 
investm

ent 
program

 
w

as
quite strong.T

here w
as a good geographical

fit w
ith priority environm

ental issues.
In

term
s 

of 
sectoral 

distribution,
the 

rural
developm

ent 
and 

urban/environm
ental 

sectors dom
inated the portfolio in term

s of
both 

num
ber 

of 
projects 

and 
lending 

volum
e,substantially reflecting the priorities

identified in the 1992 environm
ental sector

strategy.
T

here 
w

as 
a 

less 
com

plete 
fit

betw
een the portfolio and the environm

en-
tal priorities in the 9th FY

P.

T
he 

review
 

revealed 
opportunities 

to
strengthen 

environm
ental 

support,
even

though C
hina is no longer eligible for con-

cessionary 
International 

D
evelopm

ent
A

ssociation (ID
A

) assistance.To realize this
potential,action w

ill be required both by the
B

ank and the G
overnm

ent of C
hina.

The Portfolio
T

here w
ere 140 com

pleted and active proj-
ects in the 1990-2000 portfolio,representing
cum

ulative lending of about U
S $23.5 bil-

lion.O
f this total,82 percent w

as provided
by IB

R
D

 and 18 percent by ID
A

. 1

T
he dom

inant sectors in the portfolio in
term

s of the num
ber of investm

ent projects
w

ere rural developm
ent (29 percent of the

total num
ber of projects);transportation (17

percent);
urban 

developm
ent 

and 
urban

environm
ental im

provem
ent (17 percent);

and 
the 

energy 
sector 

(16 
percent). 2

G
eographically,the eastern region accounted

for the greatest proportion of lending volum
e

(44 percent),
follow

ed by the central (29 
percent) and w

estern (27 percent) regions.
A

s w
ould be expected given the poverty 

distribution in C
hina,

ID
A

 com
m

itm
ents

w
ere highest in the central region,follow

ed
by the w

estern and the eastern regions.

6
The W
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Environm
ental

D
im

ensions of 
the Portfolio
I

N
V

E
S

T
M

E
N

T
P

R
O

JE
C

T
S

Forty-one investm
ent projects (30 percent of

the portfolio) are defined as environm
ental

projects.T
hese fall into tw

o categories:(1)
15 investm

ents that w
ere prim

arily focused
on environm

ental issues (referred to below
 as

C
ategory A

 projects);and (2) 26 investm
ents

that w
ere not prim

arily environm
ental,but

included one or m
ore com

ponents intended
to deal w

ith environm
ental issues (referred

to below
 as C

ategory B
 projects).

A
s show

n in T
able 6.1,the C

ategory A
 proj-

ects accounted for about 40 percent of envi-
ronm

ental lending volum
e.T

he overw
helm

-
ing 

m
ajority 

of 
these—

13 
projects—

addressed the “brow
n”

environm
ental agen-

da, 3
w

hile only tw
o addressed the “green

agenda.”
4O

n the other hand,a significantly
larger num

ber of rural developm
ent proj-

ects—
14 in all—

included com
ponents that

w
ere intended to address som

e elem
ent of

the environm
ental agenda.

T
hese patterns largely reflect the realities of

project 
lending 

in 
C

hina.
In 

the 
urban 

sector,it is relatively easy to identify invest-
m

ents that provide environm
ental benefits

plus the short-term
 econom

ic returns neces-
sary to repay the loan. 5

It is m
uch m

ore 
difficult to do this in the rural developm

ent

sector.T
he tw

o C
ategory A

 rural develop-
m

ent projects (L
oess P

lateau I and R
ed

Soils II) provided a rare com
bination of

investm
ents that w

ere both profitable and
environm

entally beneficial as a w
hole.

In
other rural developm

ent projects,it has been
m

uch m
ore difficult to identify such “w

in-
w

in”
investm

ents.T
he only alternative has

been to address environm
ental issues as side-

lines 
to 

other 
investm

ents 
intended 

to 
produce short-term

 financial benefits. 6

A
m

ong the principal environm
ental them

es
in the C

ategory A
 portfolio,w

ater pollution
control w

as undoubtedly the strongest at
$1.2 billion.L

ending for air pollution con-
trol and solid w

aste m
anagem

ent w
as m

uch
low

er,totaling about $130 m
illion,prim

arily
due to the greater com

plexity of design
issues,cost recovery problem

s,and the low
er

priority of these issues in the governm
ent’s

urban developm
ent agenda.

T
here w

as a good fit betw
een the regional

distribution of investm
ents and the pattern

of 
environm

ental 
issues 

on 
the 

ground.
T

here w
ere m

ore brow
n projects in the east-

ern region,w
here problem

s of industrializa-
tion and urbanization are the m

ost acute.
T

he bulk of lending for the green agenda
w

as 
focused 

in 
the 

central 
and 

w
estern

regions,w
hich have m

ore fragile ecological
conditions.

C
oncessionary financing through ID

A
 w

as
m

ost im
portant in the rural developm

ent
sector,

w
ater 

supply 
and 

sanitation,
and
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urban.
ID

A
 w

as particularly im
portant in

supporting the environm
ental dim

ensions of
rural sector lending.Projects involving w

ater
and soil conservation had the highest ID

A
share,

follow
ed by “eco-agriculture,”

rural
w

ater supply,
desertification,

afforestation,
and agricultural nonpoint pollution.T

he loss
of ID

A
 w

ill further com
plicate the provision

of assistance in these areas in the future. 7

T
E

C
H

N
IC

A
L

A
S

S
IS

T
A

N
C

E
A

N
D

G
L

O
B

A
L

E
N

V
IR

O
N

M
E

N
T

A
L

P
R

O
JE

C
T

S

T
he only environm

ental technical assistance
project w

as the ID
A

-financed E
nvironm

ental
T

echnical A
ssistance Project (U

S$50 m
il-

lion),
w

hich 
supported 

im
provem

ents 
in

environm
ental m

onitoring and data m
an-

agem
ent,prom

otion of cleaner production,
strengthening of environm

ental assessm
ent

procedures,
im

provem
ents 

to 
ecological

research,and basic environm
ental research.

T
he project w

as successful.In the absence of
ID

A
,

there is virtually no opportunity for 
a B

ank-financed follow
-on,unless the gov-

ernm
ent changes repaym

ent arrangem
ents.

T
he M

ultilateral Fund for the M
ontreal

Protocol (M
FM

P
) and,to a som

ew
hat less-

er extent,the G
lobal E

nvironm
ent Facility

(G
E

F) have m
ade significant contributions

to addressing global environm
ental issues in

6
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Table6.1
The 1990-2000

Environm
ental Portfolio by Sector

Investm
ent

Category A Projects a
Category B

a
Total 

Sectors
N

o.
Am

ount
N

o.
Am

ount
N

o.
(U

S$ m
illion)

(U
S$ M

illion)

“Brow
n”

Agenda

U
rban

12
$

1,944
5

$
637

17

Energy 
N

il
N

il
3

$
965

3

H
ealth

N
il

N
il

1
$

110
1

W
ater Supply &

 Sanitation 
1

$
250

1
$

92
2

Total Brow
n Agenda

13
$

2,194
10

$
1,805

23

“G
reen”

Agenda

Rural D
evelopm

ent
2

$
446

14
$

1,862
16

W
ater Supply &

 Sanitation
N

il
N

il
2

$
117

2

Total G
reen Agenda

2
$

446
16

$
1,979

18

Total
15

$2,640
26

$3,784
41

N
ote: a

See text.

Source:W
orld Bank staff
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program
,

w
hich far exceeds the com

bined
perform

ance of all other signatories to the
M

ontreal Protocol.

M
ost investm

ent—
$128 m

illion—
under the

G
E

F has been for greenhouse gas (G
H

G
)

reduction projects.T
here has been m

uch less

C
hina.T

he M
FM

P
 program

 ($323 m
illion)

is the biggest in the w
orld.

A
bout 67,000

tons 
of 

ozone-depleting 
substances 

(O
D

S) have been phased out under the 
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Table6.2
Portfolio Linkages to the 1992 Environm

ental Strategy Paper

Priority Sectors and Them
es

Patterns of Supportin the 1990-2000 
Identified in the 1992 Strategy Report

Environm
ental Portfolio

Strengths
W

eaknesses

Priority 
Sectors

Strategic
Them

es

Energy,Industry,U
rban,Rural

W
ater Resources

Air Q
uality

Solid and liquid w
astes

Energy conservation,industrial
efficiency and pollution control

N
atural resource m

anagem
ent

and conservation 

Sustainable agricultural 
practices on m

arginal lands

Environm
ental institutions

Co-financing from
 G

EF 
on energy conservation

U
rban Environm

ent
Rural D

evelopm
ent

Energy

U
rban w

astew
ater

U
rban/rural w

ater 
supply

D
istrictheating

Solid w
aste 

m
anagem

ent

Energy conservation
(G

EF)

Reforestation 
W

ater conservation
Soil conservation

PestM
anagem

ent

Institutional 
strengthening
Policy and regulatory
developm

ent

Co-financing from
 

G
EF on biodiversity 

conservation

Industry

Integrated river 
basin m

anagem
ent

M
obile sources

H
azardous/toxic 

w
aste m

anagem
ent

Industrial 
pollution control

Biodiversity 
conservation

Integrated agriculture/
natural resources 
m

anagem
ent

Capacity building 
for natural resource
m

anagem
ent

Aid coordination

Source:W
orld Bank staff
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G
E

F assistance for biodiversity conservation
($13.7 m

illion,only 3 percent of total global
portfolio volum

e),although the num
ber of

projects in the pipeline has recently started
to increase.

C
learly,

there are m
ajor opportunities to

increase access to global program
s,particu-

larly 
biodiversity 

protection 
program

s
through the G

E
F,and also through possible

new
 initiatives such as a convention to sup-

port 
the 

phaseout 
of 

certain 
persistent

organic pollutants (P
O

Ps). 8

Strategic D
irections in

the Assistance Program
C

O
N

S
IS

T
E

N
C

Y
W

IT
H

T
H

E
1992

E
N

V
IR

O
N

M
E

N
T

A
L

S
T

R
A

T
E

G
Y

T
he 1992 E

nvironm
ental Strategy Paper

w
as the first of its kind for C

hina, 9
and

appears to have had significant influence on
the governm

ent’s thinking about environ-
m

ental issues.It also influenced the pattern
of W

orld B
ank lending although,as show

n
in T

able 6.2,
there w

ere a num
ber of gaps

betw
een priorities identified in the strategy

paper and the contents of the assistance pro-
gram

.R
em

oval of these w
ill require action

by both the B
ank and the governm

ent (see
T

able 6.3).
O

n the B
ank’s side,

better use
can be m

ade of the G
E

F biodiversity w
in-

dow
.

O
n the governm

ent side,
action is

required to rem
ove institutional constraints

to integrated river basin m
anagem

ent and to
m

odify 
rigid 

loan 
repaym

ent 
conditions,

w
hich lim

it the B
ank’s ability to provide

support 
for 

investm
ents 

w
ith 

substantial
externalities.

C
O

N
S

IS
T

E
N

C
Y

W
IT

H
T

H
E

9
T

H
F

IV
E

-Y
E

A
R

-P
L

A
N

T
he 

9th 
F

ive-Year-P
lan 

(FY
P

) 
included 

for the first tim
e quantitative targets and

indicators 
for 

industrial 
pollution,

urban
environm

ental 
im

provem
ent,

ecological
environm

ental protection,
and agricultural

and rural environm
ental protection.

A
 key

elem
ent of the investm

ent plan w
as the

“33211”program
,a series of priority pollution

control projects in five geographical areas. 10

T
he m

ajor gaps w
ere sim

ilar to those sum
-

m
arized in T

able 6.2,
and the underlying

causes w
ere also sim

ilar.

O
pportunities for 

the Bank U
nder 

the 10
thFYP

T
here have been clear strengths and w

eak-
nesses in the B

ank’s portfolio as it relates to
both its ow

n environm
ental sector strategy

and the environm
ental planning priorities

set out by the governm
ent in the 9th F

ive-
Year-P

lan.
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Table6.3
Factors Preventing Action on Certain D

im
ensions of the Bank’s 

Environm
ental Strategy for China

M
ain Factors Preventing Action

Industrial

Integrated river
basin m

anagem
ent

N
on-pointpollution

H
azardous and toxic

w
aste m

anagem
ent

Industrial pollution
control

Biodiversity 
conservation

Integrated 
agriculture/
N

atural resources 
m

anagem
ent

Capacity building 
on natural resources
m

anagem
ent

Aid coordination

Pre-condition for Bank participation w
ould be reform

 of SO
Es plus

adjustm
ent

of pollution levies to provide proper incentives for 
im

provem
ent

of industrial sector pollution control perform
ance.

G
overnm

enthas notsucceeded in getting all relevantm
inistries and inter-

ests thinking in the sam
e w

ay on this subject.Bank has been attem
pting

to participate through H
uai H

e Pollution Control Projects,butthe integrat-
ed approach has notyetbeen fully accepted.If progress is to be m

ade,
there needs to be a m

ajor breakthrough on the governm
entside.

G
overnm

entneeds to develop a technical approach thatis likely to be
effective.U

nfortunately,m
ostof the solutions are non-structural,and

hence notam
enable to an investm

entsolution.

Som
e technical assistance provided through Southern Jiangsu

Environm
ental Protection Project,butthis is notpresently a priority 

issue for m
unicipal governm

ents,the Bank’s m
ain counterparts.

Payback m
echanism

 could be a problem
.

The sam
e problem

 restricting overall Bank participation in the industrial
sector.U

nlikely to be any avenue for increased involvem
entin this field.

Insufficientuse m
ade of G

EF.Partly historical due to Bank agreem
entthat

U
N

D
P should cover this field in China.Thatsituation has now

 changed
and a m

uch im
proved G

EF biodiversity pipeline is being builtup.

Research has justbeen com
m

issioned to assistthe governm
entto identify

proposals for assistance.N
ew

 O
perational Program

 12 under G
EF m

ight
provide an opportunity.

M
ain assistance has been through IDA-funded Environm

ental TA Project
and G

EF-funded N
ature Reserves M

anagem
entProject.Future support

w
ill only be possible through G

EF projects or collaboration w
ith donors

providing grantassistance.

H
as notbeen a strength in the past.Recentcollaboration w

ith AD
B on 

G
EF m

ay provide a w
ay forw

ard.

Source:W
orld Bank staff
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T
he gaps betw

een the strategies and the
portfolio are largely explained by a variety of
practical considerations.T

hree general con-
ditions are evident:(1) areas w

here there is
potential for further engagem

ent,
provided

there is action by the B
ank;(2) areas w

here
there is potential,provided there is action by
the governm

ent;and (3) areas w
here there is

lim
ited potential for the B

ank to contribute.
T

hese are sum
m

arized in T
able 6.4.

L
ooking 

at 
the 

fit 
betw

een 
the 

B
ank’s 

portfolio 
and 

the 
governm

ent’s 
environ-

m
ental strategy under the 9th FY

P,the m
ain

w
eaknesses w

ere in the fields of ecological
environm

ental 
protection,

rural 
environ-

m
ental protection,biodiversity conservation,

and 
m

arine 
environm

ental 
protection—

item
s 2,

3,
7,

8,
9,

and 10 in T
able 6.4.

O
f these,item

s 7 and 8 require action by the
B

ank to facilitate greater engagem
ent,

and
the rem

aining four item
s (2,3,9,

and 10)
require action by the governm

ent.

T
he governm

ent has been preparing the
10th 

FY
P

 
for 

environm
ental 

protection,
w

hich is regarded as a key driver of state
spending 

on 
environm

ental 
technologies

and services,and also indicates how
 foreign

finance w
ill be allocated.T

he current draft
of this plan highlights the follow

ing princi-
pals and priorities:

■
T

he m
ain principal is to attach equal

im
portance 

to 
both 

pollution 
control 

and ecological conservation.
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Table6.4
Preconditions for W

ider Bank Participation in the Environm
ental Agenda

Them
e

Precondition for Increased Bank Participation
Action by 

Action by 
Lim

ited 
the Bank

G
overnm

ent
Potential

1
Industrial pollution

2
Integrated River Basin M

anagem
ent

3
N

onpointpollution

4
M

obile source pollution

5 
H

azardous/toxic w
aste

6
Industrial efficiency

7 
Biodiversity

8 
W

etlands/grasslands

9 
Eco-agriculture

10
Capacity building on N

RM

11
Aid coordination

Source:W
orld Bank staff 
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Table6.5
Actions Required to Strengthen the W

orld Bank’s Environm
ental Program

Priority Sector/Area
Action Required by Bank and/or G

overnm
ent
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ater

Industrial pollution

U
rban environm

ental
m

anagem
ent

Ecological conservation

Rural environm
ental

protection

Priority Areas

W
ill probably rem

ain a continuing w
eakness in the program

,although 
the potential for participation w

ould be im
proved if pollution levies w

ere
increased to provide the necessary im

petus to operate clean production/
pollution control facilities once installed.

The program
 is already strong,although m

echanism
s need to be found 

to broaden the range of issues addressed,particularly solid w
aste 

m
anagem

entand m
obile source controls.

M
ore w

ork required by both the governm
entand the Bank to devise m

ore
integrated rural developm

entprojects,w
hich provide an im

proved balance
betw

een increased production and im
proved natural resources m

anage-
m

ent.There are certain m
odels (Loess Plateau I and II and Red Soils I and

II) thatprovide a guide.There are opportunities to im
prove collaboration

w
ith other donors,particularly those w

ho have grant-based resources.

There has already been som
e contribution to m

anagem
entof livestock

w
astes (Sm

allholder Cattle Project),w
hich m

ightprovide a m
odel for 

prom
oting "clean production" technologies for sm

allholder livestock 
producers.This could be extended to SPH

 production units,perhaps in
com

bination w
ith a program

 of increased enforcem
ent.

Bank participation on im
provem

entof pesticide m
anagem

entw
ould need

to be based on a com
prehensive review

 of pesticide m
anagem

entand reg-
ulatory issues to provide an agreed position on problem

s and issues in the
sector on w

hich investm
entprogram

s could be based.There is probably
good potential for som

e kind of investm
entprogram

 based on prom
otion

of Integrated PestM
anagem

ent,although repaym
entarrangem

ents
w

ould continue to be a constraint.

There could be opportunities in developm
entof pilot-scale rural industrial

estates for TVIEs and centralized w
astew

ater treatm
ent,although finding

the rightfunding m
echanism

 w
ill be difficult.

The Bank and governm
entneed to w

ork together to identify rural devel-
opm

entoptions in the priority areas thatprovide an adequate balance
betw

een production increases and natural resources m
anagem

ent,and
w

hich also solve the funding/repaym
entproblem

.

Source:W
orld Bank staff
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■
P

riority 
sectors 

include 
(a) 

industrial 
pollution prevention,

focusing on indus-
trial structural adjustm

ent and prom
otion

of cleaner production;(b) urban environ-
m

ental 
m

anagem
ent,

em
phasizing 

centralized treatm
ent of w

astew
ater and

solid w
astes and control of T

SP
 and SO

2
em

issions;
(c) 

ecological 
conservation,

focusing on the “three areas strategy”
11

and ecological surveys and m
onitoring of

the 
G

reat W
estern 

D
evelopm

ent 
plan;

and (d) rural environm
ental protection,

prom
oting developm

ent of rural industrial
developm

ent zones as a w
ay of handling

pollution 
from

 
sm

all-scale 
rural 

enter-
prises and addressing nonpoint pollution
sources,

including 
livestock,

fertilizers,
and pesticides.

■
Priority 

areas 
include 

continuation 
of 

the “33211 program
,”

w
hile expanding 

it to cover the “tw
o resource areas”

(see
C

hapter 5).

Som
e of these areas are in sectors that have

traditionally 
been 

a 
strong 

point 
in 

the
B

ank’s program
,such as urban environm

en-
tal m

anagem
ent,

w
hile others are in areas

that have been w
eaknesses,

such as rural
environm

ental protection.
A

ctions required
to im

prove the B
ank’s contribution to the

environm
ental strategy are sum

m
arized in

T
able 6.5.

A
n essential part of the assistance strategy

w
ill 

be 
im

proved 
coordination 

betw
een

donors to m
axim

ize the differing advantages
inherent in their program

s (interest rates,
repaym

ent 
conditions,

procurem
ent 

con-
straints,political risks,etc.).T

his is particu-
larly im

portant in view
 of the restrictions

arising 
from

 
C

hina’s 
graduation 

from
 

ID
A

 eligibility.

C
o-financing 

accounted 
for 

only 
about 

9 percent of total project costs in the 1990s,
so there is clearly a lot of room

 for develop-
m

ent.M
ost co-financing w

as for com
m

er-
cially oriented projects.

N
o attem

pts w
ere

m
ade to use concessionary co-financing to

dilute the term
s of B

ank funds for purposes
such as pure environm

ental projects.T
his is

an area that could be developed over the next
few

 years.It w
ould m

eet the B
ank’s objective

of m
aintaining its engagem

ent in the envi-
ronm

ental area,and also m
eet the needs of

m
any bilateral financial sources w

ith strong
social and/or environm

ental objectives.

Partnerships like this w
ere difficult in the

past,since each donor dealt w
ith a different

governm
ent 

m
inistry.

T
his 

situation 
w

as
partly rem

edied as a result of the govern-
m

ent reorganization of 1998, 12and the fea-
sibility of a m

ore integrated and cooperative
approach 

by 
foreign 

donors 
has 

been
im

proved 
to 

som
e 

degree.
N

evertheless,
som

e w
ork w

ill still be required to prom
ote

cooperation betw
een M

O
F and M

O
F

T
E

C
.
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N
otes

1.T
he IB

R
D

 provides long-term
 loans to m

iddle-incom
e

countries at sem
i-com

m
ercial interest rates—

current term
s 

are about 5 percent repayable over about 20 years w
ith a

grace period of 5 years.ID
A

 provides credits to very poor
countries on concessionary term

s—
zero interest,a low

annual adm
inistrative charge (0.75 percent),and a repay-

m
ent period of 35 or 40 years w

ith a 10-year grace period.
C

ountries w
ith per capita incom

es of less than $925 
(in 1996 dollars) are eligible for ID

A
 credits.

2.T
he order w

as only slightly different in term
s of lending

volum
e;rural sector (32 percent);transportation (21 per-

cent);energy (21 percent),and urban developm
ent and

urban environm
ental im

provem
ent (15 percent).

3.U
rban and industrial environm

ental m
anagem

ent.

4.N
atural resources m

anagem
ent,biodiversity 

conservation,etc.

5.W
ater supply,sew

age collection and treatm
ent,and urban

road im
provem

ents/traffic m
anagem

ent are the m
ain form

s
of investm

ent.

6.T
his is a situation unique to C

hina due to the governm
ent’s

policy of delegating loan repaym
ent responsibility to all

project beneficiaries.T
he policy is considered to be largely

responsible for the high rate of project success experienced
in C

hina,but there is equally little doubt that it m
akes it

m
uch m

ore difficult to m
ake a real contribution to environ-

m
ental issues,particularly those in the green agenda.

7.C
hina “graduated”from

 ID
A

 in 1998.

8.P
O

Ps are organic chem
icals that persist in the environ-

m
ent and can adversely affect hum

an health and the envi-
ronm

ent through bioaccum
ulation.D

ue to their persistence
and transportability,they pose risks beyond the im

m
ediate

tim
e and place of their production and use.T

he U
nited

N
ations E

nvironm
ent Program

 is coordinating efforts to
agree on an international treaty to phase out production and
use of certain specified P

O
Ps.C

hina and other countries are
already taking steps to develop capacity to carry out baseline
surveys to underw

rite developm
ent of national P

O
Ps im

ple-
m

entation program
s in anticipation of an international

treaty being developed and agreed to in the near future.

9.In addition to the strategy paper of 1992,there w
ere

three other sector studies produced during the decade that
had a bearing on environm

ental strategy:(1) N
ation

al

E
n

v
iron

m
en

tal A
ction

 P
lan

;(2)
U

rban
 E

n
v

iron
m

en
tal

S
erv

ices;and,(3) C
hin

a 2
0

2
0

:
C

lear W
ater,

B
lu

e S
kies.

10.T
he “33211”program

 is described in C
hapter 5.

11.T
he “three areas strategy”is described in C

hapter 5.

12.R
esponsibility for m

ajor lenders (W
orld B

ank,A
sian

D
evelopm

ent B
ank,Japanese B

ank for International
C

ooperation) w
as consolidated in the M

inistry of F
inance

(M
O

F).T
he M

inistry of Foreign T
rade and E

conom
ic

C
ooperation (M

O
F

T
E

C
) is responsible for bilateral 

grant cooperation.
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The Challenge
D

uring the 1990s,the governm
ent devoted

substantial financial resources to environ-
m

ental 
im

provem
ents 

and 
m

ade 
m

ajor
efforts to strengthen the regulatory environ-
m

ent.T
he tide of industrial air and w

ater
pollution w

as stem
m

ed,due substantially to
the governm

ent’s efforts.To a large extent,
how

ever,these efforts w
ere overw

helm
ed by

the 
governm

ent’s 
strikingly 

successful
grow

th 
and 

developm
ent 

program
.

T
he

environm
ental 

agenda 
increased 

both 
in

scope and com
plexity.T

here w
ere grow

ing
problem

s w
ith other sources of pollution,

such as m
unicipal w

astew
ater,fugitive dust,

and em
issions from

 m
obile sources of air

pollution.A
nd the state of the natural envi-

ronm
ent continued to deteriorate.

T
he environm

ental challenge w
ill becom

e
even m

ore com
plex in the foreseeable future,

particularly during the period covered by the
10th F

ive-Year-P
lan (FY

P
).

T
he govern-

m
ent is projecting:

■
A

 
continuation 

of 
strong 

econom
ic

grow
th,

w
ith average annual increases in

G
D

P
 projected in the 6-7 percent range

■
H

igher 
grow

th—
about 

8-10 
percent 

annually—
in industrial output 

■
A

 resum
ption of strong grow

th in energy
consum

ption,on the order of 3-4 percent
annually 

■
C

ontinued grow
th in urban population,

projected to increase at about 3.4 percent
annually 

■
Increased agricultural intensification.

In this context,the governm
ent’s environ-

m
ental 

objectives 
for 

the 
10th 

F
Y

P
 

are am
bitious. 1

A Strategy for the 
N

ew
 M

illennium
T

he 
central 

lessons 
to 

be 
learned 

from
C

hina’s environm
ental experience over the

last 10 years are that (a) environm
ental insti-

tutions cannot possibly m
anage everything

by them
selves in an econom

y as large and
diverse as C

hina’s;
and (b) to m

ake real
progress on environm

ental quality,the w
hole

m
ode of developm

ent in C
hina has to be

changed.To m
eet future challenges,the gov-

ernm
ent needs to re-order its priorities and

revise its overall developm
ent policy,

so as to
significantly im

prove the fit betw
een develop-

m
ent 

and 
environm

ental 
sustainability.

7
An Environm

ental Strategy 
for the N

ew
 M

illennium
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It m
ade several m

oves in this direction dur-
ing the 1990s,but they w

ere not sufficient.
T

he current track is not environm
entally

sustainable,
particularly in the context of

w
hat SE

PA
 refers to as “ecological environ-

m
ental protection.”

2

To im
plem

ent an environm
entally sustainable

developm
ent strategy,the governm

ent has to
take concrete actions in three m

ain areas:

■
T

he
institutionalarrangem

ents for dealing
w

ith environm
ental issues

■
T

he
instrum

ents
applied 

to 
achieve 

environm
ental objectives 

■
T

he
investm

entsm
ade to achieve environ-

m
ental objectives.

I
N

S
T

IT
U

T
IO

N
S

T
he 

new
 

and 
developing 

environm
ental 

challenge,
as already recognized by both 

the 
governm

ent 
at 

large 
and 

SE
PA

 
in 

particular,
is 

to 
prom

ote 
environm

entally
sustainable developm

ent of C
hina’s natural

resources.M
aking progress w

ill require the
full attention of governm

ent and coordinat-
ed efforts by all relevant agencies,w

hich in
turn w

ill require changes in the w
ay that 

all 
relevant 

governm
ent 

institutions
approach their w

ork.P
riority

tasks include:

■
M

ainstream
ing.

G
overnm

ent 
agencies,

particularly 
those 

concerned 
w

ith 
eco-

nom
ic and/or spatial planning and natural

resources m
anagem

ent,
need to adjust

their policies and objectives to (a) fully
incorporate the concept of environm

entally
sustainable developm

ent into their devel-
opm

ent objectives;
(b) em

phasize their
prim

ary roles as “stew
ards”of the national

estate;(c) divest them
selves,to the extent

possible,of resource exploitation responsi-
bilities;(d) review

 their policies and oper-
ational 

program
s 

to 
rem

ove 
develop-

m
ent/environm

ent contradictions;and (e)
increase 

the 
support 

they 
provide 

for
research,

design,
and im

plem
entation of

environm
entally sustainable developm

ent
strategies.T

his w
ork w

ill take tim
e,

but
needs to start im

m
ediately.

■
C

ross-sectoral coordination.
M

ost sustain-
able natural resources m

anagem
ent issues

cut across norm
al lines of adm

inistrative
responsibility.

A
 m

eans has to be estab-
lished 

to 
coordinate 

the 
w

ork 
of 

different 
agencies,

reduce 
overlaps 

and
contradictions,

m
axim

ize synergies,
and

adjudicate disputes.A
 coordinating body

is 
needed 

to 
replace 

and 
im

prove 
on the State E

nvironm
ental Protection

C
om

m
ission 

(SE
P

C
),

w
hich 

w
as 

dis-
solved during the 1998 reorganization.
T

his 
coordinating 

function 
could 

be
established by re-constituting the SE

P
C

;
establishing 

an 
alternative “SE

P
C

-like”
institution 

under 
the 

State 
C

ouncil;
or creating an alternative venue outside 
the State C

ouncil,
such as a m

inisterial
com

m
ittee.

W
hat 

m
atters 

is 
that 

(a) 
a 

coordinating 
function 

should 
be 
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established at a sufficiently high level to
ensure effectiveness;(b) it should be given
the necessary secretarial support to perm

it
it to pursue an active agenda;

and (c) 
a m

eans should be provided to resolve
inter-m

inisterial deadlocks.

■
R

eform
 the approach to biodiversity conser-

vation.G
iven the im

portance of C
hina’s

biodiversity 
resources 

and 
the 

level 
of

threat they are facing,
priority has to be

given to significantly strengthening the
approach to biodiversity protection and
m

anagem
ent.

A
 central elem

ent should 
be 

establishm
ent 

of 
an 

independent,
state-level “N

ature R
eserves Service”

to
(a) m

anage nature reserves of national and
global 

significance;
(b) 

develop 
into 

a 
center 

of 
excellence 

for 
nature 

reserve
m

anagem
ent;(c) represent the country in

international conservation forum
s;and (d)

provide the lead and set standards for
counterpart institutions at provincial and
low

er levels.T
here are m

any other things
that 

need 
to 

be 
done 

on 
biodiversity 

conservation,but this is the key.

■
P

ush forw
ard w

ith integrated river basin
m

anagem
ent in w

ater-scarce regions.T
here

is 
w

ide 
agreem

ent 
am

ong 
technical

experts that a m
ore integrated,river-basin

approach is required to sustainably m
an-

age w
ater resources in the m

ost heavily
conflicted catchm

ents,
w

hich are m
ostly

in 
north 

C
hina.

B
ut 

no 
significant

progress is being m
ade tow

ard achieving
that 

objective.
T

his 
situation 

needs 
to 

be 
corrected.

T
he 

m
ajor 

barriers 
are

essentially 
adm

inistrative 
and 

political.
T

he 
governm

ent 
should 

create 
new

 
and 

separate 
river 

basin 
m

anagem
ent

institutions w
hose governance structure

m
akes 

adequate 
provision 

for 
effective

participation 
of 

key 
stakeholders—

principally 
provincial 

governm
ents—

in
their decisionm

aking processes.

In 
contrast 

to 
the 

situation 
w

ith 
natural resources m

anagem
ent,institutional

arrangem
ents for carrying out the basic tasks

of pollution m
anagem

ent and control are
essentially in place in C

hina.Several things
need to be done to strengthen the effective-
ness of these institutions,including:

■
Increasing E

PB
 capacities and effectiveness,

w
ith particular em

phasis at the local level.
T

echnical 
capacity 

and 
resources 

m
ade

available to E
P

B
s,particularly at the low

er
county and tow

nship level,
need to be

increased 
through 

training,
partnership

program
s,increased budgetary allocations,

and the provision of assistance from
 higher

levels in setting strategies and priorities. 3

A
t the sam

e tim
e,

oversight by higher 
levels has to be increased to counteract the
strong and grow

ing localism
 in econom

ic
developm

ent,and to ensure that enterprise
inspections are carried out m

ore com
pre-

hensively and rigorously;
regulations are

objectively enforced,
and the quality of

environm
ental 

m
onitoring 

is 
im

proved.
A

n essential elem
ent of this w

ork w
ill 

be 
to 

resolve 
contradictions 

betw
een 

7
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horizontal and vertical responsibilities at
all levels.

O
ptions available include (a)

delegating m
ore regulatory authority to

provinces 
and 

m
unicipalities 

and 
aw

ay
from

 
counties;

and/or 
(b) 

increasing
supervision of low

er levels by higher levels
through perform

ance audits and public
reporting;and/or (c) developing a regional
structure for SE

PA
,along the lines of the

People’s B
ank of C

hina,
to strengthen

supervision by the state.T
his w

ork needs
to be resolutely attacked at the earliest
possible tim

e.

■
Strengthening the legal system

.A
n essential

pillar of the approach should be develop-
m

ent of a strong body of environm
ental

law
 backed by an im

partial judiciary to
interpret the law

s and adjudicate legal and
regulatory disputes.

T
his w

ill be long-
term

 w
ork,

and cannot proceed in isola-
tion from

 general strengthening of the
legal system

 as a w
hole.

N
evertheless,

it
needs to be initiated as soon as possible.
G

iven the num
erous conceptual,

social,
and technical dim

ensions,the task w
ill not

be sim
ple,but it should be a priority.

■
C

ontinuing to prom
ote public participation

in environm
ental decisionm

aking.
O

ne of
the strongest elem

ents of SE
PA

’s environ-
m

ental 
strategy 

has 
been 

its 
w

ork 
on 

public participation,public dissem
ination

of environm
ental inform

ation,
and envi-

ronm
ental education at all levels.

T
his

w
ork has to continue,w

ith an em
phasis on

extending the environm
ental constituency

beyond w
ealthier urban areas in the east.

E
nvironm

ental m
essages and m

odes of
delivery need to be varied to take account 
of 

local 
conditions,

particularly 
in 

the 
central and w

estern parts of the country,
w

hich 
are 

less 
urbanized 

and 
w

here 
education levels tend to be low

er.

I
N

S
T

R
U

M
E

N
T

S

C
hina already has m

any of the basic policies
and instrum

ents necessary to achieve a high
level of effectiveness in the m

anagem
ent and

control 
of 

point-source 
pollution.

M
ain 

priorities for the future should be:

■
A

 new
 approach for point-source pollution

control.T
he effectiveness of current regu-

latory procedures for industrial pollution
control 

can 
be 

significantly 
increased

w
ithout m

aking any conceptual changes
to the system

.A
 first priority is to m

ake
the existing system

 w
ork to its m

axim
um

advantage by pursuing the institutional
strengthening 

m
easures 

outlined 
previ-

ously.N
evertheless,new

 approaches have
to be developed to deal w

ith the grow
ing

num
ber and diversity of point sources and

to elim
inate som

e contradictions in the
existing system

,particularly in relation to
the pollution levy fee system

.T
his report

advocates adoption of a perm
itting sys-

tem
,

under 
w

hich 
all 

significant 
point

sources of pollution (industrial,m
unicipal,

even large intensive anim
al production

units),
regardless 

of 
ow

nership,
m

ust
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secure a perm
it or license to operate and

m
ust pay an adm

inistrative fee to cover
the costs of issuing the perm

it.A
 schedule

of 
graduated 

and 
increasingly 

punitive
fines 

for 
breach-of-perm

it 
conditions

w
ould also be required.

T
he perm

itting
system

 could be incorporated into or com
-

pletely separated from
 the environm

ental
assessm

ent (E
A

) system
, 4

and it w
orks

equally w
ell w

ith concentration-based or
total load-based regulatory approaches. 5

■
K

eep 
w

orking 
on 

supplem
entary 

control
strategies.

C
om

m
and-and-control 

instru-
m

ents played a key role in determ
ining

industrial 
pollution 

trends 
during 

the
1990s.

O
n their ow

n,
they m

ay not be 
sufficient to m

eet future challenges,partic-
ularly those arising from

 changing indus-
trial ow

nership patterns,the declining role
of the state,and the increasing role of the
private sector.

W
ork has to continue on

developm
ent of the three other pillars of

the control strategy:econom
ic,voluntary,

and public disclosure instrum
ents.

N
ew

and m
uch m

ore com
prehensive approaches

need to be developed to deal w
ith prob-

lem
s associated w

ith agricultural nonpoint
pollution.T

hese m
ay include a com

bina-
tion of econom

ic m
easures,education,and

selected adm
inistrative m

easures.

C
om

m
and-and-control strategies w

ill not
provide an answ

er to natural resources m
an-

agem
ent problem

s;
a m

uch m
ore com

pre-
hensive approach w

ill be required.It needs
to be based on a clear understanding of the

underlying 
causes 

of 
problem

s,
and 

the 
creation of incentive fram

ew
orks to encour-

age 
sustainable 

developm
ent 

of 
natural

resources.Priorities include:

■
C

ontinued price reform
 for environm

ental
im

provem
ent.R

eform
 of resource pricing,

particularly 
energy 

and 
w

ater,
has 

to 
be 

continued,
broadened 

to 
include

resources such as groundw
ater,and accel-

erated so as to allow
 prices to reflect

scarcity 
and 

environm
ental 

externalities
and to increase the price-responsiveness of
dem

and.T
his is particularly im

portant in
areas 

already 
suffering 

from
 

m
ajor

resource conflicts. 6
C

ontinued reform
 of

prices for basic raw
 m

aterials can also have
beneficial effects in term

s of industrial
pollution control,insofar as it w

ill increase
incentives for developm

ent and adoption
of cleaner production technologies and
utilization of alternative energy sources.

■
Strengthen focus on the poverty/land degra-
dation 

connection.
C

hinese 
researchers

have established a clear geographical link
betw

een 
rural 

poverty 
and 

rural 
land

degradation,
and 

it 
is 

also 
likely 

that there are causal links.C
hina has an

extrem
ely 

effective 
poverty 

alleviation
program

 
im

plem
ented 

through 
the

L
eading 

G
roup 

on 
Poverty 

R
eduction

(L
G

P
R

),and m
any of the program

 com
-

ponents target underlying causes of rural
land degradation.

Institutions concerned
w

ith “ecological 
environm

ental 
protec-

tion”
issues need to get m

ore engaged in

7
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the L
G

P
R

 program
 and identify w

ays of
w

orking 
collaboratively 

to 
increase 

the
environm

ental benefits of the program
.

■
R

e-orient natural resources developm
ent

policies.
T

he 
degraded 

state 
of 

natural
resources in C

hina is a result of develop-
m

ent policies that focused on m
axim

izing
output at the least cost to the rest of the
econom

y.Policy needs to focus on prom
ot-

ing production levels consistent w
ith the

long-term
 m

aintenance of the resources in
question.Policy needs to be based on rele-
vant research,w

hich needs to be increased
and 

m
ade 

m
ore 

cross-disciplinary 
to

ensure that adequate account is taken of
both the social and ecological dim

ensions
of natural resources m

anagem
ent.

I
N

V
E

S
T

M
E

N
T

S

T
he w

ork on institutional and policy devel-
opm

ent provides the fram
ew

ork for environ-
m

ental im
provem

ent,but investm
ent is the

driving force needed to achieve results on
the ground.

C
ertain steps are needed to

increase the im
pact of environm

ental invest-
m

ents,including:

■
K

eep focused on priority issues.T
he range of

environm
ental responsibilities assigned to

SE
PA

 and the E
P

B
s is expanding at a far

greater rate than their staff and financial
resources,running the risk of dissipating
their energies over too broad a range of
issues 

and 
reducing 

their 
effectiveness.

E
P

B
s need to m

aintain,and be perm
itted

to m
aintain,their focus on pollution m

an-
agem

ent and control,w
hich is their area of

strong com
parative advantage and greatest

effectiveness.T
hey have to be careful and

selective in identifying their role w
hen

expanding into the “green”or eco-environ-
m

ental agenda.Priority should be given to
m

onitoring and reporting to governm
ent

on the state of the natural environm
ent,

and assessing and reporting on the im
pli-

cations of proposed governm
ent policies

on the state of the environm
ent through

instrum
ents such as Strategic E

nviron-
m

ental 
Im

pact 
A

ssessm
ents 

(SE
IA

).
SE

PA
 and the E

P
B

s could also play a 
useful subsidiary role in prom

oting and
facilitating im

plem
entation of new

 devel-
opm

ent ideas (as is already being done in
collaboration 

w
ith 

the 
M

inistry 
of

A
griculture and others in certain priority

agro-ecological 
areas);

helping 
the 

governm
ent define environm

ental invest-
m

ent priorities through program
s such 

as 33211 (see C
hapter 5);

and related
strategic activities.

■
Increase environm

ental expenditures in real
term

s.
T

otal 
environm

ental 
investm

ent 
for the 9th FY

P
 w

as less than 1 percent 
of G

D
P,

w
hile the projected figure for 

the 10th FY
P

 is about 1.3 percent.T
he

actual 
am

ount 
w

ill 
increase 

by 
about 

55 percent in nom
inal term

s,from
 about

R
M

B
 450 billion during the 9th FY

P
 to

R
M

B
 700 billion during the 10th FY

P.
Judging by the m

agnitude of environ-
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m
ental problem

s facing C
hina and its

grow
ing w

ealth,spending as a proportion
of G

D
P

 needs to increase, 7
and m

uch
greater allocations need to be m

ade for
basic 

capacity 
building. 8

T
o 

put 
these

expenditures into perspective,
the m

ost
conservative estim

ates for C
hina are that

environm
ental 

costs 
are 

equivalent 
to 

3.5 percent of G
D

P
 per annum

.

■
Im

prove the effectiveness ofinvestm
ents into

ecological construction and conservation.T
he

governm
ent 

is 
allocating 

substantial
resources 

to 
“ecological 

construction”
w

ork,but the effectiveness of these invest-
m

ents could be substantially im
proved by

placing m
ore em

phasis on addressing the
underlying social and econom

ic causes of
land degradation and less on treating the
sym

ptom
s.Investm

ents in ecological con-
servation are only expected to account for
about 7 percent (R

M
B

 50 billion) of envi-
ronm

ental protection investm
ents during

the 10th FY
P

 period,w
hich is low

 com
-

pared to overall investm
ents in traditional

“brow
n”

areas of w
ater and air pollution

control,as w
ell as solid w

aste protection.

■
Invest m

ore and “m
ore sm

artly”
in urban

environm
ental 

infrastructure.
F

inancial
com

m
itm

ents for construction of basic
sew

erage 
and 

solid 
w

aste 
m

anagem
ent

infrastructure 
have 

to 
be 

significantly
increased 

to 
m

eet 
the 

challenge 
of

increased 
urbanization.

C
onsideration

should be given to tapping new
 sources of

public capital,such as floating m
unicipal

bonds,or increasing private sector partici-
pation. 9

B
ut 

investm
ent 

also 
has 

to get “sm
arter.”

For exam
ple,

m
unicipal

sew
age treatm

ent standards need to be
adapted to local circum

stances. 10
T

here
also 

m
ay 

be 
opportunities 

to 
develop

industrial estates w
ith centralized w

aste-
w

ater 
collection 

and 
treatm

ent,
w

hich
could provide cost-efficient solutions to
the 

grow
ing 

problem
 

of 
sm

all- 
and 

m
edium

-sized enterprises w
ith high w

ater
pollution em

issions.

■
L

ess haste and m
ore thought on environm

en-
tal im

provem
ent program

s.
Som

e targeted
environm

ental 
im

provem
ent 

program
s

have been less successful than intended.
E

ffectiveness 
w

ill 
be 

im
proved 

by:
(a)

spending m
ore tim

e and resources on fea-
sibility studies;(b) paying m

ore attention
to the cost-effectiveness of investm

ents;
(c) reducing em

phasis on investm
ents in

physical 
capital,

and 
increasing 

invest-
m

ents in hum
an capital developm

ent;and
(d) avoiding the tem

ptation to broaden
the 

agenda 
before 

priority 
problem

s 
are solved.

The Role of D
onors

T
he 

environm
ental 

challenge 
under 

the
10th FY

P
 w

ill be substantial,as w
ill the gov-

ernm
ent’s need for technical and financial

assistance.
T

he 
W

orld 
B

ank 
and 

other 
foreign donors could significantly enhance
their 

environm
ental 

contribution 
by 

7
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focusing assistance on the three strategic
priorities 

discussed 
above 

w
ithin 

the 
follow

ing fram
ew

ork:

■
E

nhancem
ent of

donor contributions.
T

he
governm

ent and donors need to increase
w

ork 
to 

elim
inate 

redundancies,
reduce

overlaps,and better m
atch donor participa-

tion to their respective strengths in term
s of

factors such as available instrum
ents (loans,

grants,technical partnerships,and collabo-
rative arrangem

ents),
technical strengths

and experience,program
 size,and adm

inis-
trative procedures.T

he governm
ent needs

to take the lead on this and to m
aintain the

critical m
ass of staff w

ithin key agencies,
such as the M

inistry of F
inance,necessary

to lead the coordination role.In particular,
it should (a) develop a com

m
unications

strategy 
to 

facilitate 
inform

ation 
flow

s
betw

een relevant arm
s of governm

ent and
donors;

(b) com
pile a roster of potential

donor 
partners 

to 
include 

their 
areas 

of 
expertise,

strengths 
and 

w
eaknesses,

and 
individual 

program
 

priorities;
and 

(c) establish an inform
al m

echanism
 for

periodic exchanges of view
s and inform

a-
tion betw

een the governm
ent and donors

on 
environm

ental 
issues 

and 
program

s,
w

ith a view
 to tackling this vast and com

-
plex agenda as efficiently and effectively 
as possible.

■
D

onors should take m
ore account ofthe gov-

ernm
ent’s five-year environm

ental planning
priorities.

T
he 

governm
ent’s 

five-year
plans 

provide 
very 

clear 
guidance 

on

dom
estic priorities over the planning peri-

od.
A

ll donors need to take m
uch m

ore
explicit account of these plans in setting
their priorities and identifying assistance
opportunities.

■
Increased use of

collaborative approaches.
A

n integrated approach to environm
ental

problem
s 

often 
requires 

a 
variety 

of 
assistance needs that extend beyond the 
vehicles available to any particular donor.
In 

such 
circum

stances,
collaborative

approaches betw
een different donors m

ay
provide 

a 
w

ay 
forw

ard,
provided 

that 
the potentially form

idable adm
inistrative

difficulties can be overcom
e.

■
Increased role and use oftechnical partnerships.
SE

PA
 

has 
already 

signed 
cooperative

agreem
ents w

ith M
inistries of E

nvironm
ent

in 
26 

countries,
w

hich 
have 

led 
to 

substantial 
developm

ents 
in 

term
s 

of
research 

on 
environm

ental 
instrum

ents
and technology transfer.

O
ther relevant

m
inistries have m

ade sim
ilar arrangem

ents.
N

evertheless,the possibilities rem
ain sub-

stantial,and this could be an area in w
hich

bilateral 
donors 

w
ould 

have 
a 

distinct
com

parative advantage.A
reas for beneficial

partnerships include (a) further develop-
m

ent of environm
ental instrum

ents such
as E

IA
 and Strategic E

IA
;(b) integrated

river basin m
anagem

ent;(c) nature reserve
m

anagem
ent and protection;(d) sustain-

able agricultural land m
anagem

ent;
and

(e) general technical training.
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■
 P

rivate sector participation.
Private sector

participation in environm
ental m

anage-
m

ent and control,
w

hich is a new
 and

developing area in C
hina,m

ay be of par-
ticular interest to bilateral agencies.

In
addition to developm

ent of environm
ental

infrastructure,
the 

private 
sector 

could
m

ake 
a 

contribution 
in 

education 
and

training,
technology 

transfer,
policy 

form
ulation,and public aw

areness.

■
 R

ole of
N

G
O

s.
E

nvironm
ental N

G
O

s are
just starting to develop in C

hina.A
s public

interest 
in 

environm
ental 

issues 
grow

s,
their role should increase substantially in
the future.T

his is another area in w
hich

foreign donors could play a role through
training and technical assistance,broker-
ing partnerships w

ith external N
G

O
s,and

provision of m
aterial support.

It goes w
ithout saying that all foreign insti-

tutions interested in the environm
ent and

developm
ent agenda in C

hina have a role to
play in 

helping 
to 

underw
rite the huge

investm
ents that w

ill be necessary to m
eet

the environm
ental challenge in C

hina.
In

reality,
their 

aggregate 
contribution 

w
ill

alw
ays be sm

all in relation to the need.T
he

best use of foreign investm
ent support w

ill
be in leveraging benefits beyond the bound-
aries of particular projects by supporting
innovative ideas and new

 developm
ent con-

cepts.B
ased on the review

 underlying this
report,

and taking account of the govern-
m

ent’s environm
ental strategy for the 10th

FY
P

11,investm
ents likely to be of particular

environm
ental value include (a) rural devel-

opm
ent projects that com

bine poverty alle-
viation 

w
ith 

environm
ental 

protection
and/or sustainable natural resources m

an-
agem

ent,w
ith particular em

phasis on grass-
land areas,hilly and m

ountainous areas,and
priority areas under the “T

hree R
egions”

policy;(b) urban pollution control and envi-
ronm

ental m
anagem

ent,including support
for sustainable developm

ent of urban envi-
ronm

ental infrastructure as w
ell as increased

private investm
ents in specific investm

ent
projects;

(c) biodiversity conservation and
developm

ent of new
 approaches that inte-

grate rural developm
ent w

ith biodiversity
conservation;

and (d) developm
ent of new

approaches to m
anagem

ent of w
astes from

sm
all-scale rural enterprises by,for exam

ple,
establishm

ent 
of 

industrial 
developm

ent
zones 

w
ith 

centralized 
w

aste 
collection 

and treatm
ent.
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N
otes

1.It intends to “…
(achieve) im

proved environm
ental 

perform
ance in pollution control w

hile the deteriorating
trend in the ecological environm

ent w
ill be halted.”

2.T
he concept of sustainable developm

ent w
as m

entioned
in the 9th FY

P
 and is elaborated upon further in the 10th

FY
P,w

hich refers to the need to achieve m
ore harm

onious
developm

ent of population,natural resources,and the 
environm

ent,although the details of how
 such an objective

w
ill be achieved are unclear.

3.For exam
ple,by encouraging them

 to focus their 
regulatory efforts on priority geographical areas and/or
industrial sub-sectors,w

hich contribute disproportionately
to local pollution problem

s.

4.T
he E

A
 system

 already covers developm
ents that do 

not fall w
ithin the am

bit of point-source pollution control
(such as dam

s and other large scale construction projects),
and it w

ill probably extend to cover an even w
ider range 

of developm
ents in the future,including land use change,

significant building developm
ents,and certain types of large

scale rural developm
ent.T

here is no necessary reason w
hy

E
A

 and pollution perm
itting have to be tied together.In

som
e jurisdictions,the tw

o processes are adm
inistered by

com
pletely different agencies—

a planning agency and a 
pollution control agency,for exam

ple—
often at com

pletely
different stages in the developm

ent approval process.In 
others,they are handled together.

5.T
he regulatory approach—

concentration-based or m
ass-

based—
is only one sm

all part of the perm
itting process.

6.W
orld B

ank et al.(2001) provides a com
prehensive 

discussion of the effects of w
ater pricing in the H

uai,H
ai,

and H
uang R

iver B
asins of N

orthern C
hina,and illustrates

the significant dam
pening effects that increased w

ater prices
can have on effective dem

and.

7.T
he W

orld B
ank estim

ated (W
orld B

ank 1997) that
investm

ents of around 2 percent of G
D

P
 on air and w

ater
pollution control through the year 2020 w

ould produce an
environm

ental standard of living (in term
s of air and w

ater
quality) com

parable to that in the U
nited States today.

A
dditional expenditures w

ould be required to address 
other elem

ents of the environm
ental agenda.

8.O
nly about 1.5 percent of projected environm

ental
expenditures w

ill be for capacity building,w
hich is far too

low
 given the m

ajor training and technical assistance needs,
particularly am

ong the low
er-level E

P
B

s.

9.It should be noted,how
ever,that neither option elim

i-
nates the difficult task of increasing service cost recoveries 
to sustainable levels.T

here are additional risk prem
ium

s
associated w

ith both options,w
hich m

ay outw
eigh the 

efficiency gains that could theoretically be achieved.

10.For exam
ple,in the short term

,and given financial 
constraints,secondary treatm

ent m
ay be appropriate in

w
ater-shortage areas,but it m

ay not be the optim
um

 
solution in som

e w
ater-rich areas (such as along the 

Yangtze R
iver and along the coast) that have the capacity 

to assim
ilate screened or only prim

ary treated w
aste.

11.T
he four m

ain environm
ental priorities under the 10th

FY
P

 are (1) im
proving w

ater pollution control in large river
basins through the prom

otion of integrated river basin m
an-

agem
ent;(2) urban air quality m

anagem
ent;(3) com

bating
land degradation;and (4) increasing the effectiveness of
rural environm

ental protection,w
ith particular em

phasis on
the m

anagem
ent and control of nonpoint pollution sources.
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