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Abstract ; Many ecological methods are available in micro-scale studies. however, the studies in Loess
Plateau use landscape scale. Quantitative ecological method is a group techniyue of multivariate analyses
and becomes more and more important in vegetation studies. (Geographical Information System (GIS) can
not only store and manage spatial data. but also provide easy ways of spatial analyses. which may meet the
demands of ecological researches in landscape scale with a lot of spatial data. A new technique combining
(IS and quantitative ecological method s presented in this paper.

The relationships between vegetation and climatic variables in Loess Plateau are analyzed by using GIS
combining the canonical correspondence analysis (CCA). Loess Plateau .situated at E100°52"~ 114°33"
N33°41'~41°16" .is a part of Northwest China. For a long time, severe erosion not only has produced a
great impact to agriculture in this area. but also silted up the reservoirs and riverbeds in the lower
reaches. so it has been becoming the most important cause seriously damaging the ecological system of the
Loess Plateau and the near areas. Loess Plateau is the basis of the GIS to produce electronic pool of
vegetation maps of Loess Platean. Two methods were adopted: Digitization Method and Analytical
Method. l.oess Plateau is divided into 257 districts by using the net of altitude 30’and longitude 30"in the
diagram of Loess Plateau vegetation types. It includes 171 vegetation types. Based on climatic materials in

the Loess Plateau. 9 climatic variables are selected. Vegetation data matrix of 257 X 171 and climatic data
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matrix of 257 X 9 are got by using Digitization Method and Analytical Method. (rdination ts a group
technique of multivariate analyses and becomes more and more important in vegetation studies. Many
ordination methods are available in modern ecology . however most of them analyze vegetation composition
only. Based on Reciprocal Averaging (RA),this method is named CCA . It combines vegetation data and
environment data by the way of multi-regression. CCA is applied to the study of the relationships between
vegetation and climate in loess Plateau. The outcome illustrates that CCA describes the relationships
between vegetation and climate clearly and is an effective and time-saved methodology, The ordination
results are as follows: the results of ordination indicate that the geographical distribution of vegetation in
l.oess Plateau is closely related to ecological gradients. 1. e. to climate variables. The {irst CCA axis
express the variation of vegetation and climate along latitude in l.oess Plateau . It shows the variation of
temperature and water-conditions. Moisture is the main factor that decides the latitude distribution of
vegetation. In addition, the monthly mean lowest temperature. the monthly mean highest temperature.
and annually means temperature also play an important role in latitude distribution. There are obvious
trends in longitude for vegetation and climate distribution in Loess Plateau. The second CCA axis express
the variation of vegetation and climate along longitude in l.oess Plateau . It illustrates the gradient of
temperature and water-conditions as well, however the latter more apparent, and it also illustrate the
effects of elevation. Temperature is the main factor influencing longitude distribution ol vegetation. and
the maximum evaporation is also important. The distribution of vegetation and climate variables along
tongitude is obvious. The vegetation of Loess Plateau is regionized by TWINSPAN (Two-way indicator
species analysts ). Four vegetation regions and five sub-regions of l.oess Plateau are recognized by
TWINSPAN. From southeast to northwest. the four vegetation regions are forest region. forest-steppe
region, temperature steppe region.desert and semi-desert region. Two sub-regions of forest region are
warm temperate deciduous forest sub-regions and temperate deciduous forest sub-region . The temperate
steppe region includes three sub-regions: Meadow steppe sub-region. typical steppe sub-region and desert-
steppe sub-region. Vegetation types also vary from warm temperate forests to desert and semi-desert
vegetation.

The results presented have clearly demonstrated the diversity of the vegetation and climatic variables
and the relationships between vegetation and climatic variables. The distribution of vegetation is based on
very complicated relationships between vegetation and climatic variables. This study of the relationships
between vegelation and climate in Loess Plateau by combination of GIS and guantitative ecological method
in landscape scale is the first trial in this field. The ordination releases the relationships between vegetation
and climate successfully. The result suggests that this way is very effective. It can provide scientific
evidences for the protection, utilization. recovery and reconstruction of vegetation in Loess Plateau.

Key words :1.oess Plateau; geographical information system; canonical correspondence analysis; vegetation

analysiss climaric factors

WREME . 1000-0933(2003)01-0082-08 hES KB .Qo48. 1 X WHRiIAHN A

METAAHERNA CEBEEINBM . BERESARXAN I T BB RRENHITES
ERR BB AR MR E Tk E, 5N 2 (Correspondence Analysis. CA)Y, 8 # 47 th
(Canonical analysis). B 83 35 8 9 8 (Detrended Correspondence Analysis, DCAYE 1M ER EHE
BRREHXRFFFHTEIER ", BERSOEBE SHREX R DM ST o 80802
( Canonical correspondence analysis. CCAY 1B # ¥ W 35 %} b 47 ¥ (Detrended Canonical Correspondence
Analysis. DCCA) . A THFHZE4 Z T HRAF . CEWEALEX. SRAM. AN . NRFFUKME T



84 B ¥ 23 1

P, MELSEEYNERRE T EURA AUMREEHATFRESXMASRAESHOK
BE. ARSHBENER. AN ERESRERRHEEIME, MBERFRERFAHF M T HEMT
RSB ARERANSAST FR. AARESREAGEEARAMNBBEEFFEMRALGERAN
REFEESSBEHEE BETHRARSAHENMRARNESANZAFEENEKR, X L HHBE
EEEFHEARES DCA.CCACCA SHFEFE MRELHEBEEAFHFSIRZHMHXE AN EL
BRI EEES SEMAKES B IABARFREMBEKE.
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¥ EENFLREA 1000652 ~114°33 A& 33°41' ~41°16' . B KRR HE RSP A R pam 4L KK

B ERRERY CEEBHEYETREH . FTRETRERFARE. AL B AR B AILEREK.BIK—
R {E 1000m (L F B8 A F AWK S I IR 525dm BEAENHEERHEEEN . 98m, & &
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B A ] M. 23 MREENT PRAEGX U MEHEAS IR AR AR EN M,
HE B AR ER VAR REEE O REESILURB A, Met KR AR W AL KK O SRR
BOAMEEME BHEARMEE. FEREREES O LERESEERE A : 50 DA ARF L
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HeFp i Fl DCA.CCA #IDCCA & . H P CCAFIDCCA BE¥AGMAESHEBH X RFR M TR, CCA
Rl CA/RABMTSEMNEFE. TRIECA/RAMNBERALZEEX . 5P HHERBSHKEBHET
HITET I i R AT R SRR X R,

LHBERALAEGRFEAFRAGFAHOBAEGEE R4 L3 F (View GIS 2. XMt 2 K #
BF LA E# CD-96001. BI¥F iU A . A VESPAN # {48 H CANOCO a1 8 tndE B 5 # 17
g2 08 VI
3 HEESSEXENHHAFSERIHN

DCA.CCARIDCCA F3MHEF BN ELBREAE SR XARIMER-H. K1 EDCACCA
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R REE T SRR A A TR R ARES —HUE LR R R BT B AR
B Mk, TSR ERIEE FEHFMMERMIX KR, BTL CCA MHT

R AWM B TR AR R,
METAIUEY .CCA HiFFsh 53R HE T8
BXHER B 0. 933,58 M
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Table 1 Eigenvalues and vegetation-environment coefficients

AP 0.888, H—EAFOAE DAMELY. K& for the First three axes using of DCA,CCA and DCCA

M - MEWRKHBRRAASET. FoRoORR RN
AR T PR R TRAX =516) A¥ @ira Fgen values

BB AR AX, =525 . F FHRE (AX = — DCA 0. 837 0. 567 0. 385
260N — BB E R AP B W K HF PR E CCA 0. 708 0. 525 1. 248
BEAKR(AX, =90 W HE - MY BAER LS DCCA n.‘?ns 0.478 0. 102
B, HEmeTHRHE SR AANE. XR Effﬁ*’*'ﬁmfﬁfz”ﬁ“”

. 210 CBUR ¥ 3 RUE % 55 — B 59 1F 30 B CCA ), 933 0. 888 0. 780
M, IECCAE—#BAEEL AEHBRRSE.A DCCA 0, 935 0. 897 0. 706

FHRKSE . ZIVCHR. TR SARERTU

EBRAKBERER EPHEB.2EBRKEASR . 2FHBRNESEN. HE&X b B REEH T KERX
LGAX,=203~213) B HEHEHATKX LAX,=156~13DMMBHRERNK I8 EFF X I o %3
MMM IVAX, =~103~—175) TR TR HitEE X . aFHaRFFIHE . C
AETEBRAYEHOERERMBEX AL TENRBEERERABEOB TR, CCAE-HMREKRLT
BRABENSENGMETR.CCAE - HRERLRFEASNZEMETA, SURE R NE HEmeE
KRB R KSETFRARRN, AEHEFHHLSFERBKAX,=-172). 210 CHB(AX, = —623) %5
THAESKHER KO EFRLERKERREAX,= 59D E MR AERGERAE . FHRGE
(AX,= =530 B _HMARBNHAER., REWFEFHRBAX.=—188) FRMB (AX. =297 H
FHRBSBAX =20 F s ERRER D, BCCAEZHETHM L. 2¥BRAXERE . 2F AR
MM, EBRA.I0CHBREKBEE. A PHRESE . CER BN, RANAARG THFERRBER.
#EZ AmUsdEaitE. ERBL. AERAETEOR L, HEETIENER R REEL . LE
ESRE. NABREF BEXOHBEREZREEMRER LAX, = —29~— 1) RIEFH RIF AKX
L(AX,=—37~17) EEBEREFX NL;(AX,=75~413) BB R F X H,(AX, = — 43~ 9 il HF fE R
EFFIK ILAX,=—134~—17) R EREMER IVAX,=—164~-16)., HTE L HRKAN
MEBEX.FHRAM FPHAFAENTAREOREE. LRSS _HTABERR K.

HE KBS ELA R RPREAEERNEAILRBERBEANSERT KALCRARBLE. =
OCHAME A KB SRIEET 9 40X 108~ 48X 104 ] /m? X A R A0 YA I B AL X 30 X 108~ 40X 107]/
m? B 8x 10%~- 10X 108)/m’ . A THAELRBEASH A REESXENYERYT . HY . FEKfr0.
M AX AR ETREMERKR. BALL 600 & mm . ERIEERNNFEREHE DT 200mm £4., XAK
FFR R KRABRAKERBES BRTREAR. K EHM K & X 800~1000mm, £FKEY £RK K&
MRZAMHEAXHAERFHRRGFT LR THEXOCRBR UERERYFREHX B &
200~ 400mm, FE L ¥ T R K K H 4100~500mm. FHEHILETE FRE¥ T2 TURAME .98 mF
700mm L L. XA LK S ATENAR . SIEIRMEN B BARABERARBEERERE
HABERX EHERX(TEE 1.00~1.9N. FANIETHEE FEMNARAYNEREFX (2.00~2.99) . &
T REMATHERK G 00~3. 00 T EAFRE ¥ RBEMAYK C>4.00),
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Fig. 1 CCA ordination diagram of 257 district combined with climatic vanables
I, MEEHEEHEH T X Warm temperate deciduous forest sub-region; 1, E¥EHFH MH KX Temperate
deciduous forest sub-region; 1 BB B X Forest-steppe region; ¥, WAV K JF T [X Typical steppe sub-region;
1. ¥ HEEF X Desert-steppe sub-region; ¥y  § # BRI X Meadow steppe sub-region; N T E TR
H K Desert and semi-desert region

B2 EAETHEHEERBNCCA —HHEEFE M 171 M HBXAPEBFTHEREBEXR UM EEHNE
BERERERE NESHBEHMEHSSEEEHXHEERINEEHE AT CCAME M. F
THARMNESEYXSE I R kR ERHIERFSE ) HE. FHERERSAER FRXERE
AraaEfd. nHERBRUTAEAUX, =154, AX,=—8) BEREEMNAX,=—15.4AX,=—44), %
RHEFERMAUX, =62, AX,=2D) . X GBHBEFREFAX =4 .AX.=16) . HR A (AX, =8, AX,=
—29): B ENBERAX, =31, AX,= —8) . HHAFHAX, =—1. AX,=—42) . BEHAE 7
BR(AX, =~ 15, AX;=—4D) B EHEHK(AX, = —14. AX,= —136) . HH BN (AX, = — 51, AX, =
— 3D EMENAX, =27, AX;=—10; HERBHBEHERARKUX, =19, AX,=—22)F.

300

2501
~ 2001
é 150
* B
<
# 100f . ML
- .
ﬂ 5!}.- . -,
= - : e
* e o o5 e WHT
< 50 - . . .

i‘.".Aml ,‘—_,....-

8 - . .i - o EP

-1%|’ E "

4“ -W AT
-150 asud’
_zm L _ i i< 1 L 1 i
200 -150 -100 -150 -50 0 50 100 150 200 250

CCA N 1 HE4k Axics |

2?2 BEIABRIEMRERNESSKE TN CCA R

Fig. 2 CCA ordination diagram of principal vegetation types combined with climatic vartables

] H M i # Forest vegetarion; [ 75 bk 35 A ¥ Forest-steppe vegetation; B B 7f B JA M & Temperate
steppe vegetation; N FL i ¥ FE LA B Desert and semi-desert vegetation
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Table 2 Canonical coefficients and correlation coefficients between CCA ordination axes and climatic variables

¥ % £ ¥ Correlation coefficients  #7 £ % Canonical coefficients

S A T Climatic variables o K 8 Thy g ah ¥ —hh ¥ =

axe | axe 2 aXe 3 axe | axe 2 axe 3

fﬁiﬂﬁ—A;‘lhnua] tnean temp. ( () 0. 2512 — M 1671 0. 2121 -0L05 4 - -0 0680 1. 0380
B B &% & S8 Mean highest temp. ( () 0. 1820 0. 0225 -~0. 5100 0. 0620 ~—0.0150 —0.9230
H E 4B Mean lowest temp. ( () 0. 1897 0. 2709 — 0. 1822  — . U850 0. 5970 —0.5290
2% B Ba ¥ Annual sunshine-hours(h) —0.4082 —0.6401 0. 0139 0. 0220 —0.3270 — 001670
fﬂfﬁlﬁi{ﬁfm evaporation (mm) — . 1994 — 0. 5250 —0.2266 — 1, 24400 — 4, O68Y PRIVALY
X B W Frost-free period(d) 0. 3500 - 01553 — 0. 3365 [.1130 —0. 3880 — 0. 0280
cz10(C BB Accumulated temp{ () 0. 4349 —~{. 5330 — 0. 2956 (. 3550 =0, 5320 . 5060
¥ 7k & Annual precipitation(mm) 0. 8425 . 2638 . 1510 0. 7330 — . 1290 i}, 3380
¥ H A % Mean wind speed(m/s) —0.3084 —0.4788 —0.2178 0. 1250 —0.0710 — 0. 5340

£2 PRBETFSHEMZANHLARNRGERAYK. REANEHNFHETFHRESHBERES S
B TEITR BN ENFEE FHERNER. CREN THFM S AR TFHASAOBE. SR Lt
RETHEEFSHREMMNLE T KR 2 UE LS AR R EE R EAAKSE T M
BHFaEAFHRESE. A PHRBSE. 10 CRIE . EEN . EHR . 24 0 MK £ E R IKERK
W rEESEE SIS EPH S CRBSERABBZE T EA. WA M B R E
BLREER, KA NEBERE VRS, SORMMM . E LR E T YR A0 R
Sr . KB HE T AR B RS — AT S S e R KR B R LR ST B RS AR
BB EE FRAREE SR RB R, REETHAS LR ANE 25 H B B
BOoKAE TR R AR AN S ERAKBE. A TR ENS MO FRRARAEE, X
AE B AR L ERBEA REAASHRTSFE ARRIERBNEESRAF AR FEX
BOEKRESEARFMNATEE L REBNERRAERIEERBTRORMEREER Gk TEE
EEE TR A TR R ERREEX ., B2 PHHALRNSE |82 {5 R E 2 L8
HAR W R,

£3ERBEFZMMMERR AES TN BREEL S E A A BN 2 1F Rk K B0 2R
KL BB 0.6276. S IE R KRB A E I RE R LR AN R A RIK 0. 7658 K B R SR
KRR R L A BGE 0. 6484, XEM TR ABERK EARERR LT SRR
CR R R TR A AR H MR % 2K A R 3R 5~ 10d. gl IL A B IR A B T PR AL % F ROMK . — R
fo25d DL b, B B AR BOR R B RIE . & B RO X & i 800~ 1000mm 81 T 4 X 4b 76 4 1l
B IR, 5 7000 AR 1 B 2o T M L TR K B AR OK B A R KK IO 2 1) BT 4 0 3K B T
HABT L HMASSREXLABA.SHIBR TR HERL ARFEEEKBRA. AR KR Y
Tk mRAEFIL SN LT EMK A FH >50mm BRI H <0, 5d. i M i 73 fe B A M0 AR BV B A R
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(DRSS BHCCAGREN SLRFMBERES AL RARBHATRARE . XHIASTK
BEEMPLETSEY. gR L A SREPEIEGHARTFRABRNAKAE T ARETHHAF
MERSAB. HENBEESE . FHEMARSH2GHARKARBER KB F P FER KR HE
AR EACRR. F—rRasrB TR LIREAKRFS BEFENER A BE
EHEE EKBRENNN, B TR ERAEEX. BHEAFASENTLHE . FHLIABEERRR
W BT 2B ESBRETTIENHAN TFEARA F KB FHAXEF. A RE 7+
HEEHBHE.Z0CHAB. EBWPHEBELA T HBERKNHAER: K2R THPHEFRAEY
R BAMSHORAERERA. S _HIENM TAERRMEXMNEES R AR EHF B H
FAE . BRESASE A AKRFEOHEZRETL AHEXEHER N FTEAR T RFE XK &K EE
BROEAU MHTHE MEXREREIAEIRMANERTREMEAERER R, MR NH R
AEFEBAANEREGEREN YRS FAREAE. ATALIRESRE B . AAEEX.TELHEMN
BEEREHBEHZMMERATY. HTAXLERAEERN S KMESKRNTERYT . R LHRHEEES
BOHALSHEXFERT . ARBEAL ABHAGRFAER IR TREHREERBEHAMK ., A
A EMNRBEETAABELER TR TR EREEHR.

DCA.CCA I DCCAZEHAMELIAFRAERSBE FHTHFILEMA DCARRESY. H
CCA P ANMEEIRAHBENAREE MEP AT EREER. ,

DOEAXAERBRE LG ELBEABESSENXERTON. KB ELTHIE . T F R
B CHHESSBEER S ANERBEIEE. FXXNRERTLHEREHERE FH#$ 5K
LEEBITHFRHERZE.FEDCACCADCCAMARERERTHAME LI RAHEEAEERE,

ORA DA BRUESHREHSHEXRMIN HEHTFRBAZRHTERRHEE TR EALLU
EERRHFEHEEHEXRFERFEHL . RUERBXIHRERSHRER. M DCCA f CCA = RH
FZE . —XESCL2BRAET - HHCCAHMDCCA KARATHESHEXLANMFTIR. A HEAN
RE BB CANOCO R A HEFE AERTFSHFHMAAEXRARE2T—K A L DCA.CA
SHFABESHEXEITRAAVIBHLEE.

(DB ESEBREXENSHEZREEWERK, BAR—1TE0RZ% HUMREERASTFHESX
(MEBEREAFIREEZ OHERE—ITRIANSREZA N EXRANESFTEMNTRAENBERK
HESETHEHRNEBEN AETEMREWR .M KBESHREN KRR . SFALEERAREHRY
TEMNE., FIAREESAEEARAMEBESEFERELHAREURE L HESSEMNXR . BART
FRAMANE. RSB THRIRENER. IR A BLEGRAFEERANERETFHFESERWNE
AKREMEERGEAMRGEEENE L.
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