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Abstract Recent suud s of land use awund theworld have been shifting fran the spatial and temporal dynam ics of land
use patterns to functional changes in land use and assessments of the sustainability of such dhanges The puipose is to
dentify and measure he products goods and services provided by multple land uses and he associated environmental
and socbeconamic effects Land-use functons (LUF ) are the goods and services povided by a hnd usg and sunm arize
a region/smost relevant econamic enviromm enta] and social ssues The LUF fran ewoik ntegrates changes in a large set
of indicators to assess the m pact of policies on sustainability at varbus levels of spatial aggregation It & therefore a good
m ethod to trace interrelations betw een land use changes and finctonal changes Here we identify 10 relevant LUF's br
Chia n accordance w ith three d mensions-econan i envirorm ental and socal dimensions of sustainable development
nvestigate m ethods for their assessmen} and analyze spatil and ten poral changes n the finctons for 31 povinces and
municipalities fom 1985 to 2005 The LUF s include social functons (the provsbn of work human health and living

conditbns); econamic finctions ( cover land based production artificial land-based production and transportation); and
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environmental finctons ( the provision and mamntenance of resources pollutant recepton mamntenance of ecobgical
processes and conservation of rural landscapes). S kn ificant spatial and tan poral variatbnswere observed O fthe 10LUF s
we dentifed the provsbn of woikk ncreased and decreased in different periods whereas mantenance of ecosystan
processes ran ained stable but mn a critical conditbn Other LUF's mproved ncluding hunan healh, tmansportation

Iving conditions land-based pwductbn artificial land-based producton provsbn and mamntenance of resources

pollutant recepton and landscape and culural services In genera] te overall LUF ofChna has mproved fram 1985 to
2005 and coefficient of varation of LUF's anong the Chinese provinces has decreased from Q 63 to Q 27, suggestng that
the regional disparity of LUF s has decreased except for the finctions related to the provision ofw ork and he conservation
of wral landscapes M aintenance of ecological processes remamned stabk over ting but the rest of the LUF s tended to
exhibit mpovement pattems fran 1985 to 2005 Of he 10 LUF s that we studed the pollitant reception functon was
weakest suggesting that there is high potental to m prove this LUF by enhancing env ionm ental conservationm easures and
that this mprovement & necessary. Rural landscape conservation in proved duem ainly to the i plan entatbn of prograns to
convert agriculiure on sloping hnd to less dam aging uses throughout the country, lead ng to the conversbn of vast areas of
arable land into forest and grassland Themain factors leading to such differences are variations n natural resources and
socioeconam ic development land use policy plays an espechlly mportant wle For nstance land-based producton and
artific al land-based poducton have increased slowly in the northw estem part of the country where econam ic development
level is relatvely bw, whereas the hum an health functon is mproving n regns with a relatvely low populaton density
and a hgh per capita gran and lwestock poducton There is great potential to inprove LUF s both nationally and n
specific regbns Supporting scientific management of land resources will require a systematic hnd use policy targeted at

LUF s and specific to each regbn  and the consequences of LUF changes must also be considered
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Table1l Land use functions indicator selection and description
Na Indicabors Na Ind icators
Social ndicabrs ( )Econan i ndicators ( con tinued )
1 /( /km?) 15 /hm?
2 Po 16 fm?
3 ( ) 17 /( t/m?)
4 Yo 18 /(kg/hm?)
5 ( Ko ) 19 /(km /km?)
6 Mo 20 Po
7 m 2 21 o
E conanic indicators Env ronm ental ind icators
8 GDP/ 22 Po
9 GDP Po 23 Po
10 /( kg /hm?) 24 Mo
11 ( ) 25 CoD /(t/(km?* a))
12 / 26 S0, /( /(km?s a))
13 /kg 27 Co, ( , /( ghal( *a)))
14 /tm? 28 Yo
12
LUF s (nmn) , LUF s ,
(1 0 (2)
[4]
(3) 3 ; (4) ,
; 100 ( 2)
13 (W)
012 >
3 1985 2005
, (W)
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2
Table2 The ten hnd use functions defined for China
Social finction Econan & finction Environm en ta | function
(LUF4) (LUF7)
(LUFS5) (LUF8)
(LUF6) (LUF9)
(LUF10)
4
3
Tabk 3 Criteria for setting up the weights of LUF indicators for regional sustainab k developm ent
Indicators W=2 wW=1 W=20
Rural an pbyees £ 260 (5 60) <s
Reg istered uthan unem ploym ent rate %% >5 (25) <2
) Rural Engel coefficient ( din ension less) >55 < 55 -
Food self sufficien cy rate P - [Q 100] -
G reen area per uban resident/m>* U255 10< U< 55 U< 10
Population density /( /km?) >300 < 300 -
)U thaniztion rate ( rake of uban popuhtion/% ) >55 (1Q 55) <10
GDP/ GDP per capita/RM B > 14000 < 14000 -
GDP Percentage of agricukural GDP o the bcal otal K >35 (5 35) <5
Grains (equivakent) output/ ( kg/hm?) 28000 (1000 8000) < 1000
crop clinate productive potential di;ensbnlezs];and productiviy {adierment e of 205 (03053) <02
/' Per agricultural labor produ ctivity/RM B > 15000 < 15000
Chanical fertilzer applied per unit arabl area/ (t/lm?) 20. 45 (Q 07 Q45) <007
y 2
Pesticile and helbicﬂe/z(ifl;i:l/i:il p)er unit arable area »3 (0453 3) S04
A bl area per capita /hm? 20,19 <019 -
G rasshnd area per capita/Im?2 20 67 <067 -
Per capita share of livesiock products ( equivalentm eat) >36 < 36 -
T ranspottation densiy /( km /km?) 20.35 <035 -
Mo
Perceniage of passenger tumover vokme to the natinal total 210 <10 N
Percentage of cargo tum()ver/bic()hlme o the natinal total 210 <10 B
W aler resource per capia n’ 217500 < 7500 -
D isch aige standardm eeting rate of ndustrial w astew aters % - [Q 100]
CoD Emission ntensity of COD per unit area /( t/(km> a) ) >4 4 (022 44) <022
CcO Em ission ntensity of CO, per capita ( 0ssil energy
foofprint per capit/( gha/( ) a))) ' et " 240 (@284 <020
S0, Em ission intensity of SO, per unit area/( t/(km** a)) >36 (18 36) <18
Percentage of nature reserve area to thl;%bcal total area K25 28K < k<2
Forest coverage o >25 <25 -
Percentage of il ersion area to the local toal land area %% >35 <35 -

# =

14

Bo; * * K 3

1985
w 4
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, w
(ST)
[ LUF1 LUF1 LUF3 [ w T
I 2 0 0 I 1
L 1 0 0 L 0
6T = [3 0 -1 0 W= [3 1
L 0 2 0 L 1
Is 0 1 0 L 2
L0 0 1] 2|
- 5’7‘,
[ LUF1 LUF1 LUF3 | LUF1 LUF1 LUF3
L 2x1 0x1 O0xl1 I 2 0 0
L 1x1 0x0 0x0 L 0 0 0
ST=| L 0x1 —-1x1 0x1 L 0 -1 0
L 0x1 2x1  0x1 L 0 2 0
I 0x2 1x2 1x2 I 0 2 2
L 0x2 o0x2 1x2 |L 0 0 2
4 (1985 )
Table 4 W eights of LUF ind icators to sustainablk regional develbpm ent by province of China ( 1985)
Indicators
Rural en p byees %% 1 2 1 1 1 1 1 1 2
o
Registered urtban unenploynent rate 0 0 0 : 0 : 0 : !
( ) 1 1 1 1 1 1 1 1 2
Rural Engel coefficient ( din ension kss)
e 1 1 1 1 1 1 1 1 1
Food self sufficiency rate
/m*~
G reen area perurtban resilent 2 : : : : : 2 : !
/( pemson/kan”) 2 o o1 2 2 1
Popuhtion density
( . o)
U thaniztion rate ( rate of utban 2 1 1 1 1 1 2 1 1
population)
GDP/  GDP per capita/RM B 1 1 1 1 1 1 1 1 1
GDP Mo
Percentage of agriculural GDP to the local 1 1 1 1 1 1 1 1 2
total
2
_ /Ckg/bm) 1 1 1 1 1 1 1 1 1
Grains ( equivalent) output
( .
)
Land productivity ( achievenent rate of 1 1 2 1 1 1 1 1 1

crop climate productive potential

dim en sion less)
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Indicators

/
Per agricultural b or p roductivity

/( t/hm?)
Chen ical fertilizer app lied per
unit arable area
/( kg/hm?)
Pesticide and herbicide applied per unit
arable area
/hm?
A rable area per capita
/hm?

G rassland area per capita

/kg
Per capita share of livesock products
(equivalentm eat)
/( km /lan? )

Tran sportation den sity

Mo
Perceniage of passenger tumover volum e to
thenational total

Mo

Perceniage of cargo mover volme to the
national total
/m?

W ater resource per capita

Mo
Discharge standard-m eeting rate
of ndustrial wastev aters
CoD /( Y ( km? a))

Em ssion ntensity of COD perunit area

CO, ( s
/ghal( *a))
Em ksion mntensity of CO, per capita

( Pssil energy footprint per capita)

S0, /(t/(km?e a))

Em ssion intensity of SO, per unit area

i
Percentage of nature reserve area to the
local total area
Forest coverageMo
Mo
Perceniage of soil erosion area o the local

total land area

2 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 2 2 2 1
1 2 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 2 2 2 1
1 1 1 1 1
0 2 1 1 1
1 1 1 1 2
1 1 1 2 1
1 0 1 1 1

15

: (1)
(2)

(123457891011 12 13 19 20 21 24 28)

(
( 6 14 15 16
LUF s
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1 (RI"SR™)
act thd
’ [ Ri low act upp
R'i={ 3+ 2x—m—m (R SRI"'SR") (1)
R;™ -R; |
L5 (RI“SR™)
1 (RI"<R™)
act Rﬂld
’ [ i u ac low
R i= 3+ 2 X upp thd (Ripp<Ri I<Ri ) (2)
R;™ -R; |
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L+ e (Li=1234)
RS TL, " -TL; (3)
5 (Li=5)
(3) 1L T j : (1) (2)
5
Tabl 5 LUFs indicatorswith rehtively hrge threshold ranges
coD Co, S0,
G roup Populaton densi Em ssion intensity Emission intens ity Em ission intensity Percentage of
L; Range op/u( : D/nk;sr)] S of COD ofCO, of S0, soil erosion area
/(U(km> a)) Hghal( = a)) /(U (km® a)) 1e
5 21200 213 80 23.0 214 4 240
4 [45) [ 600, 1200) [1 32 3380) [1L230) [7.2 14 4) [ 20 40)
3 [34) [ 300, 600) [Q 44 1 32) [0.4,1.2) [367 2 [ 1Q 20)
2 [23) [ 100, 300) [0 33 044) [0.304) [2736) [510)
1 [12) [0, 100) [QQ 33) [0.0.3) [Q27) [Q5)
16
(F) :F>0Q , ,
;F<Q , Q ;
F=0
R'=5 R’ =
1 2 2 g 2
O] (
)5 , )
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LUF1 LUF2 LUF3 10 19 2Q 2-14

6
Table6 LUFs indicatorswith rehtively snall fireshold ranges

Upper lin it of the Threshold value of Lover lim i of the
Ind cators kast sustamnable sustamnab ility m ost sustanable
(R™) (R (Rv)
Rural anployees Yo 5 40 75
Reg stered uth an unem p bym ent rate/% " 7.0 45 20
( ) Rural Engel coefficient ( d m ension less) 0. 65 Q 40 Q15
Food self sufficiency rateMo 15 55 9%
G reen area per uban resident/m? 5 25 45
( ) 10 50 0
U thanization rate ( rate of uthan population /% )
GDP GDP per capita/ 2000 20000 38000
GDP Percentage of agriculural GDP 1o the beal btal % " 30 20 10
Grains ( equivalent) output/( kg/hm?) 1000 5500 10000
R Land producti i
. ( : . ) band producty iy 0. 10 0 30 050
(‘achievement rate of crop clinale productive potential dinensinless)
Per agricultura | labor produ ctivity/ 1000 10500 20000
20%
, /(t/lm®) 0. 425 0 225 0 025
Chen ical fertilizer app lied per unit arab le area
2%
/(kg/lm®) 28 Ls 02
Pesticide and herbicide applied per unit arable area
A rable area per capita/hm? 0. 01 Q0 09 017
Grassland area per capita/hm? 0. 03 0 33 063
/kg
Per capita share of livestock products 2 1 2
T ransportation density /( km /km?) 015 Q 30 Q 45
e L0 45 80
Perceniage of passenger umover volume to the national total ’
Percentage of cargo tumover vokme o the
. L0 45 80
national totl/%
W ater resource per cap ita/m> 100 2300 4500
1e 30 65 100
Discharge standard-m eeting rate of ndustrial w astew aters
1e 2 12 2
Percentage of nature reserve area to the lcal total area
Forest coverage Mo 5 20 35

; (Y) (B)
(Y) (B) t+ 1
(Fl+l) t (Fl) ’

(1 : 1985— 2005 ,
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Fig 3 Spatial variations of land use functions in China
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