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Abstract: T he app licat ion of a M ult i2C riteria Evaluat ion (M CE) app roach to iden tify su itab le areas fo r the p roduction of

banana, lichee and longan in Sou theast of Fu jian P rovince in Ch ina w as p resen ted. C lim ate, terra in and so il databasesw ere

used to in tegrate G IS coverage. Because of the varied topography of Fu jian P rovince, the yearly average temperatu re and

m in im um temperatu re w ere modeled th rough D igita l E levat ion M odel(D EM ) fo r the w ho le region. T he evaluat ion facto rs

of slope, aspect w ere derived from D EM th rough A RCG IS8. 3 softw are. R elevan t criteria fo r th is fru it t rees and su itab ility

levels w ere defined. T h is info rm ation w as used to ob tain the criterion m ap s, w h ich in tu rn w ere used as inpu t in to the

M CE algo rithm. Su itab ility evaluat ion resu lt m ap w as p roduced using w eigh ted linear com binat ion and A H P m ethod

p rogramm ed by ESR I softw are A rcob jects and V isual Basic language. L and useöcover m ap and distribu t ion m ap of fru it

t rees of 2001 w ere gained using ERDA S Im age8. 5 softw are by m eans of a supervised classificat ion from L andsat TM

im ages. T hese land useöcover and the su itab ility m ap s w ere cro ssed to iden tify differences and sim ilarit ies betw een the

p resen t land2use and the su itab le areas fo r banana, lichee and longan.
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0　 In troduction

　U nder the p ressu re of ever2increasing popu la t ion,

resou rces sho rtages, and degrada t ion of eco log ica l
environm en t, it w as an essen t ia l t rend to scien t if ica lly

and reasonab ly exp lo it the m oun ta inou s areas. Fu jian
P rovince is a m oun ta inou s area. T he p rob lem of
select ing the app rop ria te land fo r the cu lt iva t ion of a

certa in agricu ltu ra l p roduct is a long2stand ing and
m ain ly em p irica l issue. T he increased need fo r h igh2
quality food p roduct ion and the sho rtage of resou rces
st im u la te a need fo r soph ist ica ted m ethods of land
evalua t ion to decision m akers in their ro les to bo th
p reserve h igh ly su itab le lands and sa t isfy p roducers’

dem ands fo r increased p rofits.
　 Geograph ic Info rm at ion System ( G IS ) has
un iversa lly been u sed fo r land su itab ility eva lua t ion of
m u lt ip le crop s and fru it t rees[ 1- 3 ]. In the p rocess of
land su itab ility eva lua t ion, m any variab les are
invo lved and each one shou ld be w eigh ted acco rd ing to

their rela t ive im po rtance on the op t im al grow th

condit ion s fo r the specif ic land2u se. T he issue w as

exp ressed as m u lt i2criteria decision p rob lem becau se

severa l criteria shou ld be evalua ted. M u lt i2criteria
decision2m ak ing cou ld be understood as a w o rld of

concep ts, app roaches, m odels and m ethods tha t a id an

evalua t ion acco rd ing to severa l criteria. T he m ain

pu rpo se of the M u lt i2C riteria Evalua t ion (M CE )

techn iques is to invest iga te a num ber of a lterna t ives in

the ligh t of m u lt ip le criteria and conflict ing

ob ject ives[ 4 ]. R esearches show tha t the in tegra t ion of
ana lyt ic techn iques designed to w o rk w ith M CE

p rob lem s w ith in G IS cou ld g ive m o re funct iona lity to

the u ser [ 5 ] and it is a pow erfu l app roach to land

su itab ility assessm en ts[ 6 ].
　Som e researches have been conducted u sing M CE2
G IS com b ined m ethod in select ing dispo sa l sites fo r

na tu ra l hazards[ 7 ] , hab ita t su itab ility m odeling [ 8, 9 ] and

geo2environm en ta l eva lua t ion fo r u rban land2u se

p lann ing [ 10 ] , etc. How ever, M CE2G IS in tegra t ion has

no t been u t ilized in Ch ina to so lve p rob lem s rela ted to

specif ic agricu ltu ra l top ics, such as in the case of
iden t ifying su itab le areas fo r specif ic fru its. T he

su itab ility eva lua t ion of fru it t rees in the sou thern

m oun ta inou s areas of Fu jian P rovince w as conducted

based on D EM and G IS u sing a m u lt i2criteria
eva lua t ion (M CE) app roach.
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2　M ethod
2. 1　Study area
　Zhangzhou reg ion, is loca ted betw een la t itude 23°
01′N and 25°13′N and longitude 116°53′E and 118°09′
E, the sou thern part of Fu jian P rovince, sou theast of
Ch ina. T h is area includes n ine coun t ies and tw o

bo rough s. T he to ta l a rea of Zhangzhou reg ion is

app rox im ately 12897 km 2. T he clim ate is characterized
as sou th sem i2t rop ic zone. T he yearly average

tem pera tu re is 21℃. T he fro st2free t im e is 318～ 349

days per year. T he yearly average sun ligh t is over
2000 hou rs. T he yearly average p recip ita t ion is abou t
1500 mm.

　T he genera l p rocedu re fo llow ed in th is study can be

ou t lined as fo llow s: 1 ) O b ta in ing and p reparing

databases, includ ing in terpo la t ion of clim ate po in t
da ta and its ad ju stm en t; 2) D ig ita l p rocessing of the

L andsa t TM im age; 3 ) In tegra t ing land su itab ility

assessm en t resu lts and L andsa t TM landu se
info rm at ion.
2. 2　Da taba se
　 T he evalua t ion facto rs da tabases include clim ate

da tabase, so il da tabase and terra in da tabase. C lim ate
info rm at ion w as ob ta ined from 16 m eteo ro log ica l

sta t ion s loca ted w ith in and clo se to the study area.

T he num ber of reco rded years w as from 1972 to 2002.

T he m ap s w ere con structed by m ean s of a d istance2
w eigh ted average in terpo la t ion p rocedu re w ith in

A rcG IS8. 3 softw are. Since la t itude and eleva t ion w ere

the im po rtan t facto rs affect ing the average
tem pera tu re of la rge reg ion, Equat ion 1 w as u sed to

sim u la te the yearly average tem pera tu re and m in im um

tem pera tu re. T he yearly average tem pera tu re and

m in im um tem pera tu re of each raster cou ld be
ca lcu la ted w ith 1∶50000 sca le D EM.

Y = a3 x ö100 + y 1 (1)

W here Y is the sim u la ted resu lts of the yearly average
tem pera tu re and yearly m in im um tem pera tu re; x is the

eleva t ion, m ; y 1 is the o rig ina l in terpo la ted the yearly

average tem pera tu re and yearly m in im um

tem pera tu re; the con ten t "a" is an em p irica l
param eter, - 0. 55 referred from som e loca l ob served

m eteo ro log ica l da ta. So il da tabase w as ob ta ined from

the dig it ized m ap of the so il m ap s such as so il type

m ap , so il o rgan ic con ten t. T erra in da tabase, such as
the slope and aspect info rm at ion, w as ob ta ined from

the D ig ita l E leva t ion M odel (D EM ) u sing A rcG IS8. 3

softw are. T he eco log ica l requ irem en ts da tabase of
fru it t rees w as con structed. A cco rd ing to the ana lysis

and the superio rity of Zhangzhou reg ion, th ree types

of fru it t rees w ere cho sen, nam ely banana, lichee and

longan. U nderstand ing the eco log ica l requ irem en ts of
d ifferen t b io log ica l resou rces w as help fu l to exp lo it the

superio rity of the loca l b io log ica l resou rces.

2. 3　 Image processing
　R em o tely sen sed data fo r th is study w ere L andsa t
TM im ages in the au tum n of 1998, 2001,

co rresponding to scene N o. 119 - 043、120 - 043 and
120 - 044. F irst, these im ages w ere geom etric
co rrected u sing 1∶10000 sca le d ig ita l topograph ica l

m ap s. Since the in terp reted land u seöcover m ap of
1998 has been ob ta ined from Ch ina CA SW data

techno logy co rpo ra t ion s, the land u seöcover m ap of
2001 can be ob ta ined th rough its updat ing. T he

change area w as detected by con trast of the tw o years’

L andsa t TM im ages. Supervised classif ica t ion of land

u se w as conducted on ly on the changed areas. Som e
fieldw o rk w as conducted to get the tra in ing set

select ion. A system of land u se classif ica t ion w as

estab lished in w h ich land u se w as grouped in to six
ca tego ries (paddy field, d ry land, w oodland, law n,

w ater body, bu ild ing land and unu sed land ).

Supervised classif ica t ion w ith a m ax im um likelihood

algo rithm availab le in ERDA S8. 4 w as u sed. T he
tra in ing po lygon s w ere d ig it ized based on GPS data

and dist ribu ted th roughou t the study areas. T he

p ixels in the po lygon s tha t w ere selected as

rep resen ta t ive of each class w ere p lo t ted in spectra l
space and a visua l check tha t a ll classes cou ld be

separa ted in a t least one com b ina t ion of bands. T he

dist ribu t ion m ap of severa l k inds of fru it t ree m ap w as
in terp reted from L andsa t TM im age of 2001 fo llow ing

sim ila r p rocedu res, excep t tha t it d id no t requ ire the

change detect ion and w as conducted on the w ho le

study area.

2. 4　M ulti-cr iter ia eva lua tion
　 T he genera l p rocedu re of M CE includes severa l

phases. F irst, the decision2m ak ing p rob lem w as

iden t if ied and the relevan t criteria ( facto rs and
con stra in ts) [ 10 ] w ere estab lished. Facto rs estab lished

in th is phase are no t un ique, bu t they are the m o st

relevan t. Su itab ility levels fo r each of the facto rs w ere

defined. T he levels w ere: 1 ( very su itab le ) , 2
( su itab le) , 3 (m odera te su itab le) , 4 (no t su itab le).

A cco rd ing to the experts’ op in ion and the b ib liography

revision, a specif ic su itab ility level per facto r fo r
banana, lichee and longan w ere defined (T ab les 1, 2,
3). Facto r m ap s w ere then con structed fo r banana,

lichee and longan fru it. Con stra in t m ap s includ ing

bu ild ing land, w ater bodies w ere a lso m ade.
　T hen a m atrix pa irw ise com parison w as m ade. O ne

of the m o st p reva len t p rocedu re fo r M CE is the
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Table 1　Spec if ic su itabil ity level per factor for banana

Facto r M o st su itab le Suitab le M oderate su itab le N o t su itab le

Yearly average temperatureö℃ 24～ 32 15. 5～ 24. 0 o r 32～ 35 10～ 15. 5 o r 35～ 40 > 40 o r < 10

P recip itat ionömm > 2400 1800～ 2400 1200～ 1800 < 1200

Extrem ely co ld temperatureö℃ > - 2 - 3～ - 2 - 5～ - 3 < - 5

So il o rgan ic conten tög·kg- 1 > 30 20～ 30 5～ 20 < 5

So il tex ture class L oam Sandy loam C lay O ther class

So il pH value 6. 5～ 7. 5 4. 5～ 6. 5 o r 6. 5～ 7. 5 7. 5～ 8. 0 o r 3. 5～ 4. 5 < 3. 5

Table 2　Spec if ic su itabil ity level per factor for l ichee

Facto r M o st su itab le Suitab le M oderate su itab le N o t su itab le

Yearly average temperatureö℃ 21～ 23 23～ 25 o r 19～ 21 25～ 30 o r 14～ 19 > 30 o r < 14

Yearly≥10℃ accum ulated temperatureö℃ 7500～ 8300 6500～ 7500 6000～ 6500 < 6000

A verage temperature of co ldest monthö℃ 13～ 17 10～ 13 8～ 10 < 8

Extrem ely co ld temperatureö℃ > - 1 - 2～ - 1 - 4～ - 2 < - 4

P recip itat ionömm 1600～ 2000 1300～ 1600 1000～ 1300 < 1000

So il o rgan ic conten tög·kg- 1 > 30 20～ 30 5～ 20 < 5

So il pH value 5. 0～ 6. 5 4. 5～ 5. 0 o r 6. 5～ 7. 0 7. 0～ 8. 0 o r 3. 5～ 4. 5 < 3. 5

Table 3　Spec if ic su itabil ity level per factor for longan

Facto r M o st su itab le Suitab le M oderate su itab le N o t su itab le

Yearly average temperatureö℃ 20～ 23 23～ 25 o r 18～ 20 25～ 30 o r 13～ 18 > 30 o r < 13

Yearly ≥10℃ accum ulated temperatureö℃ 7000～ 8000 6500～ 7000 6000～ 6500 < 6000

Extrem ely low temperatureö℃ > - 2 - 2～ - 3 - 3～ - 5 < - 5

P recip itat ionömm > 1500 1200～ 1500 1000～ 1200 < 1000

So il o rgan ic conten tög·kg- 1 > 30 20～ 30 5～ 20 < 5

So il pH value 5. 0～ 6. 5 4. 5～ 5. 0 o r 6. 5～ 7. 0 7. 0～ 8. 0 o r 3. 5～ 4. 5 < 3. 5 o r > 8. 0

w eigh ted linear com b ina t ion [ 11 ] and the m o st p rom ising

techn ique is the pa irw ise com parison developed by

Saaty ( 1977) [ 12 ] in the con tex t of a decision2m ak ing

p rocess know n as the A nalyt ica l H ierarchy P rocess
(A H P). In th is study, facto rs w ere ra ted acco rd ing to

the op in ion of fru it experts from the Zhangzhou

A gricu ltu ra l Bu reau. T he p rincipa l eigenvecto r of the

pa irw ise com parison m atrix w as com pu ted to p roduce

a best f it to the w eigh t set. T he Con sistency R at io of

the m atrix w as ca lcu la ted and 0. 10 o r less is

accep tab le [ 13 ]. U sing w eigh ted linear com b ina t ion
(W L C) [ 11 ] w ith the G IS data layers, a fina l su itab ility

eva lua t ion resu lt m ap can be p roduced th rough

m u lt ip lying each criterion by the co rresponding w eigh t

and then summ ing these p roducts over a ll the criteria.

T he p rocess of A H P and M CE w as rea lized th rough

ESR I softw are A rcO b jects[ 14 ] and V isua l Basic

p rogramm ing.

3　Results

3. 1　 Image processing results
　T he land u seöcover m ap of 2001 from L andsa t TM

im age is show n in F ig. 1 and the d ist ribu t ion m ap of

fru it t rees is show n in F ig. 2. It can be seen from

F ig. 1 tha t m o st land u se type in Zhangzhou reg ion is

w oodland, fa llow law n, paddy field, d ry land and
bu ild ing land. A s it can be seen from F ig. 2 tha t the

banana tree m ain ly d ist ribu ted a long the X iangcheng

bo rough, T ianbao and P inghe coun ty and the lichee
and longan tree d ist ribu ted a long the J iuhu, Zhangpu,

Xunx iao, Zhaoan.

F ig. 1　L and use m ap from the classificat ion

of L andsat TM im ages
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F ig. 2　D istribu tion m ap of several k inds of fru its

3. 2　M CE process and overlay ing land useöcover and
su itab il ity maps for severa l k inds of fru its
　T he su itab ility m ap s of banana, lichee and longan

w ere ob ta ined th rough M CE- G IS m ethod. T he m ap s
w ere show n in F ig. 3 to F ig. 5.

F ig. 3　M ap of su itab ility fo r banana

　 Genera lly, m o st areas of Zhangzhou reg ion are very
su itab le o r su itab le fo r banana, lichee and longan,

part icu la rly in the east part. T he su itab ility
assessm en t m ap s of the th ree k inds of fru it t rees w as
overla id w ith the land u seöcover m ap to get clear idea
of land u seöcover loca ted a t d ifferen t levels of

su itab ility of these severa l k inds of fru its.

F ig. 4　M ap of su itab ility fo r lichee

F ig. 5　M ap of su itab ility fo r longan

　A nalyzing the cro ssed su itab ility of banana and land

u seöcover m ap s ind ica ted tha t su itab le area w as
p rincipa lly loca ted in fo rest land and paddy field (T ab le
1). T he su itab le area w as m o st ly loca ted in the

cu rren t fo rest, paddy field and m eadow. M o st ly very

su itab le, su itab le areas have no t been cu lt iva ted w ith
banana w hen com pared w ith the d ist ribu t ion m ap of

fru its.
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Table 4　Result of crossed land useöcover map

and the suitabil ity map for the banana

L and use
type

N o t su itab le
ö%

M oderate
Suitab leö%

Suitab le
ö%

V ery su itab le
ö%

Paddy field 0. 00 0. 96 11. 19 2. 97

D ry land 0. 00 0. 92 6. 44 1. 56

Fo rest 0. 01 14. 23 36. 51 5. 74

M eadow 0. 01 3. 26 13. 38 2. 71

U nused land 0. 00 0 0. 07 0. 02

4　Conclusion s

　1) M CE m ethod w as adequate to in tegra te da tabases

requ ired fo r d ifferen t k inds of fru it t rees in a G IS

con tex t and u sefu l to determ ine w here w as su itab le to
develop.
　 2) O n the basis of D EM and the m eteo ro log ica l

sta t ist ics da ta, the yearly average tem pera tu re and

m in im um tem pera tu re w ere sim u la ted th rough sp line
in terpo la t ion m ethod. It is im po rtan t fo r su itab ility

eva lua t ion of m oun ta inou s land resou rces.

　3) R em o tely sen sed data w ere crucia l to ob ta in land

u seöcover m ap. C ro ssing of land u seöcover m ap and
su itab ility m ap can iden t ify d ifferences and sim ila rit ies

betw een the p resen t landu se and the su itab le areas fo r

specif ic fru it t rees.

　 4 ) Su itab ility eva lua t ion resu lts show tha t m o st

areas of Zhangzhou are very su itab le o r su itab le fo r

banana, lichee and longan. T he cu rren t p lan ta t ion s of

these fru it t rees are m o st ly loca ted in m o st su itab le,

o r su itab le areas. Bu t there are st ill m any areas tha t

a re m o st su itab le, o r su itab le fo r these fru its have no t

been cu lt iva ted w ith these fru it t rees.
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基于 G IS 和多目标评价方法的果树适宜性评价
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2. 中国科学院地理科学与资源研究所, 北京 100101; 　3. 中国科学院研究生院, 北京 100039)

摘　要: 漳州地区是福建省乃至全国有名的水果之乡, 地貌复杂, 自然资源与生态环境差异显著。为了科学合理地利用自然资源, 对该
地区进行果树适宜性综合评价, 分析其种植现状与利用潜力, 提供科学决策依据。首先建立研究区域内土壤、气候与地形等数据库, 并
利用地形对气候分布状况进行校正, 同时通过L andsat TM 遥感影像的分析解译得到研究区域内的土地利用现状分布图和主要果树
种植分布图, 在此基础上采用 G IS 和多目标评价 (M CE)方法对漳州地区三种主要果树 (香蕉、荔枝和龙眼)进行适宜性评价, 最后综合
分析这些果树适宜分布现状与利用潜力。研究结果表明, 漳州地区大部分区域都非常适宜种植这三种水果, 发展水果生产潜力较大。
关键词: 果树适宜性评价; 多目标评价; 数字高程模型; 地理信息系统 (G IS)
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