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Large scale eco-hydrological model and its integration with GIS
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Abstract : Process-based modeling is an effective way in the current eco-hydrological study to explore the
interacting mechanism of ecological and hydrological processes in relation to forest vegetation. Because of
the nonlinearity of terrestrial eco-hydrological processes and diversity of scales, the process-based
distributed hydrological models based on slope or small catchments can not be used to make an explicit
prediction for large scale watersheds. More over, the eco-hydrological function of forest vegetation could
not be quantitatively evaluated without coupling the interaction of ecological and hydrological processes
because eco-hydrological processes are not merely a physical process of water movement. According to the
characteristics of large scale eco-hydrological processes, in this paper the following five major issues were
discussed in the process-hased eco-hydrological models; (1) Conception and structure of large scale eco-
hydrological models. Large scale eco-hydrological models are usually applied to the scale of more than 10,
000km? valleys with relatively low spatial resolution and long temporal interval. The kernels of the model
ave water balance and the coupling of ecological and hydrological processes on the basis of spatial elements,
(2) The notions of process scale, observational scale and modeling scale are discussed to determine the

temporal and spatial scale of the model. Because the modeling scale is usually different with the

ESTA . BRALNFEES T H (30125036) ; B R B A B RBT I R R AR B B1A B (2002CB111504)

WP B W - 2002-11-29; #1T B M9 - 2003-05-28

VERMI - AMBEQI7I~), BOHREMABL . FTENEEBKXERR. E-mail: sunpsen@forestry. ac. en.
Foundatlon Htem: National Science Fund for Distinguished Young Scholars (No. 30125036} amd National “9737
Fundamenial Research Program (No. 2002CB111504)

Received date;2002-11-29; Accepted date.20{3-05-28

Blography : SUN Peng-Sen, Ph. D. «main research fieid:eco-hydrology.



2118 £ K % # 23 &

observation scale, scale matching is needed to acquire datasets with the same resolution. Spatial scale and
temporal scale, hydrological scale and ecological scale, hydrological scale and general circulation model
{GCM) scale are key pairs to be matched. (3) Development of discretization datasets. Land use and
vegetation cover, soil texture, topographic and climatic data need to be matched and specified to each grid
point of discrete surfaces. Indices of vegetation property are important to simulate eco-hydrological
processes because they are used to be a joint of the two processes. Several indices including LAT and NDV]
have been compared and tested. To build up discrete surfaces of meteorological factors in grids, surface-
fitting software including ANUSPLIN, MTCLIM-3D and PRISM are briefly introduced in this article.
(4) Distributed model and lumped model can be identified by the modeling elements or units in space such
as square grid vs. “catchment-shaped” cell. We suggest an approach to combining distributed model with
lumped model by means of delineation of digitizing watershed and GIS techniques. (5) Process-based
models integrated with geographic information system. Four integration approaches have been widely
used, they are: a. Embedding GIS-like functionalities into eco-hydrological modeling packages; b.
Embedding eco-hydrological modeling into GIS packages; c¢. Loose coupling, eco-hydrological modeling
and GIS are integrated via data exchange using either ASCII or binary data format, there is no common
user interface among different software. d. Tight coupling, integrate eco-hydrological models with GIS via
either GIS macro or conventional programming, this approach needs a well defined interface to the data
structure held by GIS. The advantage of “loose coupling” is that redundant programming can be avoided
and it is a realistic method to be adopted in modeling work. After all, it is conceptualization compatibility
rather than a technology-driven problem that should be adequately addressed in the integration.

Key words :eco-hydrological process; large scale; distributed model; GIS; discretization dataset
X EMNE . 1000-0933(2003)10-2115-10 hlf4sr %8 .P3381.1.5715.8718.5 N MIRIRH: A

20 42 90 ERLIE AEB KL FEHEN—TARFRBHNE  EHERAREZEFNKLEHREX
i RERESRBANES TR K CENRAMEY, EX— AR P AT BE N A RN
B AN BEKXEXEMAHET 1880 FHARHR R L AR EFE P OEYNENIBSHERERE
BRERGR RAEENMTEAX B GEEIBRNXA; X~ BEURIFEEATFESER KRR B XK
HEMANEBNEREYNAES SRR E SRk, AT RS TE .

EHRAEARSEBFROMEXRRP ESKXIRREBRAERNFEZ O AT £/ 10a P &S
AXFEHRIABABREREHAMRBARENETKGIRBE, TREFUT LA FHHR
A EE HMUARARKBHAERFEOTRE, LNUNAXTHEBERAERNTE BB KR TR
THAMZEREETMSRABRESK IR ENER. M RELBSHIHMMHRGREERSBKRE
NEERANEENAREHE, ARORMNERNTRERANERBTAREMGR BE, REEKR
FErREVHESKIXRBABATERB GCM BEH, GCM LB 2RSS BRMAENRE . El T
GCM HEERBtARERBEMNSR FLU FRAOBEAREMKXESHAXERN GCM &85 £ 5 KX
BHARTUOHEXEBURE " SARBERNFRNESIRUEUERER AUTBERTESGXK
REABKXEUBLUMAFANBEXBESKXIEORA, KRERELAHEITHAXL S
EEAHTEME. RENEI I HREATRETERYSEFLATEIL. EHAL LR AN
RBULATHEN AKX PBIBALEEIBRFING S, H2 R\ EBRAOEEXKRRE T ARBEABK
XREBEHREER .2 XFERVTREABARFHLIRPNEERE.

1 KREE&AKIAY

Turner, M.G. AN *—HRELHWEESHNLER.ES -RELEEEAAERNRABHNY,

WAES/PYE R 4 FER RS E (A DR  EERREF - LFER . LR 10a o BHER



10 3 HPHFEF  KREESKAIRBIBBERS GIS KRR 2117
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Fig.1 Structure of large scale ecohydrological model

EXATHES L. AXBREANTIAXAENR.EEZAEXREHFRRPPXANRESERGQELRE . X
B EE BN A MY LM Spatial unit is conceptually consisted of the 2 objects inside the dash line,

which is slightly different from the unit we usually use in the water balance model , the latter,actually.neglects the

effect and function of plants
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(a) R (EORE(m); (MM ERE (100m); (o) FERE (10km); ()R IKR B (1000km)?, 7E8} A
EAARUTLAMTRBRE . (OBAREOD; (WOFHRE(a); (KM 100a) B A T 1E R B &K
EAEBRENBBMHAETR. ANANRTERKSEBANREKXERBRATEARFKRE . HIF 0] 68
FE10~-50m HSESREMUMIBRGNEIK AEEHBNERN LR RBL.
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BABENETEFLE) . MERESAXABRSHRRBEH LKA LB, IR TRE,
1905 4, X EMMB A AR GRS AHHME(VEMAP) BE TRRES B EBE . ENRALESK
XHREPHEEY., A, KREWROHKBRRERE” DIENFEBRRE . BXK. BHUESHBES X
MWASBRER. WESEKRGIBRERRE. EHERESMHERE EETHEEAN—4,. HEEERT
HEgEe MERBRFLIWERAMNERENE. ONSRELE. B RAXEMAR,. XHSER
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KEEABBNEFNHEM AW . aTREXN THRERGEEALTELTFELH B R EE2BF
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MEMSERBOP BNAEHZEEBINE MERAERNIANZR P . REEERERBB LABSEHE
BW.ARMATHREAREENSE. TEEX R UBE SR K G RAGBEY), EXMEE
EBKXEARINE BERBREMNTARAHETFERESIERSAKXTR T,
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A, 14 M TRWESEL AT EERS. WS . Arnell 8 Macro-PDM R THEAZBA L
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Watson 2 AW | LSSMs KR BEE BN 163km? HBRARILBHEKRRAETTHR. KPHRHEYE
BEHBYAE LAT kRR, LA BEAFM T RS, -HRESHNE TM TE2ESRB NDVI HEH K
LAI R B — AT ERANEGESF NI REXK AR HRTAREEBE - RE. AN FERBT
A -BUERD, dFERAEEATERNAEBEEE FUMEEH ERHEK LA fIRBMNRESE
TR EEEHERER. Watson BABEHER TXHNER . HEHRERTELIEARBTHEL
MR ERBELSRRAR, BIEIRAEEB RN LAT IR 2% . —F R 22 v EH RN
LAIES TM BEBIH TNDVI R ZEMERXR; B - FERAME LA B LAl 5HE
BRXAXARS HEREKASIARANER TENNEMEE EEKBLARBHME SR, “RuY @
BB AAPRARE"RENERNESH. B Wason IFIRCSERABEN LB R THENE N, H
TR RENRE HENERERSK(B—H#.FRAZER).EH AN X HTEAENATIAHRUE
A PR (0K F 10000km?) R A MY KM AR,
3.2 TREBEKFEF

LI ASBUEXLREABREEERAABHNBEHVYHRFNEEZNTR. ARSENE T
BYYREERND WEFRERIMKIBHNBFESH.ED HRERNFAKE, LRERRNT BE LK
HER.THEANSG KRS WKSFUEHKRSE AXESREAENIREEBEP . MEAREL AT LR
BB ERERA, MRS ERANEBIBHAESENE S, FUERTRNYERERXSRE
FETHHEXSEFXNSR.NLMNBEERBSKE FCCAYPTRAK AWC.HER WP %,
Vérésmarty F| L (FAO ) BB R (FEH . EHAEAT R OB REE RDIHEH AL
K FC M AWC, XA KB FEF N LRI KE SM BEXRN PET . REAE RS. &
M ROBHRER LB, B —KREATHEEY - —Macro-PDM #Z& FFZ TX—HEF B,

Andersen 38 3F Bk A K XM B MIKE SHE MR M BAEZAMAF AR B T4 - R A 2D
TRBKE PEREMO A 1% UL R ARHAWLAER A LEEFNRENRBHE
F.EE B LERELS RS A SEXE. HREATRABLEEE M EEBHEXESTBEN, L
B MK SO L B W B FETE R IS A9 30 . T EL A3 O R RG e IR (R

BN EBERESHYTAAASRBRRBEDNMHR., Vorosmarty ERIEF AR R R (Ep)RAH
B, R BYERYSEFELE ANRE . HEBRARY AR ERSETEMLS AR TREMR
REAMBRABRERE, Vorosmarty A B EAREL X RASERENTRBER, HEX AR EHEE
AL IMAHARERAPUEER N TFREALTHANEELE HREFEREA . EHES &R
VALK KB B, ST R PR b o R R O IR R
3.3 SK|PERSLBIRBAD

SEEFRACABHBMAZ - KARBEABSAXRYEERBSKLEXEST A LERL - AFHB
HSAMBEATH MEWHERRMNALZREEFSRENSAOMNBE. AN AMERRE EH S ELE
(MARAREAES) Hit, SSE BT HBARNEIH KA THEHDLRER. AFILXBEMN¥R, S
RERNHTILBE— EHARENE. Bt X WM 45 8227 B L8 S SR AR g = A B M.
Bl EHAREBELRBUT 3484 .80 ANUSPLIN, MTCLIM-3D #1 PRISM, ANUSPLIN i X
FEEYRKFERFSHREFRPLOHH FHRFEFR AR ERNLEZ TR AT M EHME, FHE
HEx & B 1T 40 b I8 2 0 R 2S ] 4 A AR A 2 T W I BB, PRISM B R R % B Oregon M3 K22 A S &%
WRFPLBIN—FETHHETEHHBERBAZ T FEERSEREHERY, #XH, PRISM KB KR
D&M ENATANERHENXKSSARC!, MTCLIM-3D i ZHB XAM L RERLERV I HBHBUTF
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B EFATH. M TRABHBEER KBNS AR A S8 0 SURME M S BAEXEY. X
IAMBIAERS BESHLHREY. X 3 MR KSR A HEMME AR, T, LRH
BSARETEAN GIS BENBEEEBFAAEZNYE. ERTAEERINABEDRFERETE RIS
SHEDHE ERESENEE, LIAE EEHR AN SURBIE.

3.4 BFEREEYSHFHR

W EETEENEE EE BB R BN, AREEARFAE I TEANSG HAKRY
FMHREER,EAEBEHSABENSRAE VE TR B RERDEM) , BRE# S H Ak o 372 5
BT @A DEM #5k . Hit . DEM RAKXHBMNE L RIBHK.

EEBFADHRRDBBFBHEERLRN DEM BIESL . H3T 2RI DEM A X 1000 X X EHE
“HYDRO1k™”H M TR IMNMBHRIBEEETHE -V BBLHFATHRES . BCFKT KR Q5T M
7E A B0 B R BE B9 7K S0 e 28 45 B (hetp: //ededaac. usgs. gov) . USGS fI3XE DEM %48 42 588 Fi 3 7 9 3 i
B OB ITHRRAGENABATER P, FA Arcinfo(ESRI, inc. )l Erdas(ERDAS, inc. )% GIS #&
AT LA A, Arcinfo T o LAt fl IMAGEGRID % % A, {H2 Hh T IMAGEGRID & X & & 31 1)
BRI NHEREFAEEETA. EWEGRIDERTRTU T HSHEITELE:

out_grid = con(in_grid >= 32768, in..grid-65536, in_grid)

R NREEERSHEA DEM, A UEN T & . UXERBREHATHHABEFLERAK
# ARCINFOER LR B . HENA ARCERPIRFATRARNAMEARESREZNSHEE
G TOWA AN D . BNH TIN BRERF LU =AM L&D GRIDBRREBZFEL KB FEFFTE
$i% DEM, s #& 83 TOPGRID fr 4 S AWM BHET 4. &40 DEM 2ARBERMAT K
SR R i, AT EAT DEM R RO B 5 R0FE Ak B0,

MBEFHDEM A UBTFRBH=ESKRMAER, %K DEM - A TS HHESHAT
PR 5T 22 (B B 38 B, AR U e I B gk B R U % S 3% B G B K L 3t 1) » Fairfield #) Leymarie 3§ M b J7 Bk 85 09 D8
BAMAHEOD, BEFEMNR .DEM BEXEERABAEZELHRERBARBGE X —%, XEM TARLH
VR 25 75 TR, 161 1% 9 S DA T 480 1 48 & B R TR ST OK 3 O 1 0 S e i s LR O,

DEM BEHEFHMRWAH T EETERATRIRACRBEPHKIERIE. B WTM KB EWRE.
BT EEN N L KEARRARFLORHREFRESAXREARNBEIN. SEEMLEHN X
BRYPARBE HBHFRIEFRABSAXRBANM EEE, SNRBEXERETKIXPEITENE
B.EBMBEERELEKY ArcGIS £ 4. A KE B ArcGIS 7K 3CBHE 3 ot 2 F A K 34t A #
ArcHydroTools iZH B E R ArcGIS R RET —HUTHAN KLV ERE. B HAKFELE
R FR S TER/EBSHINERRTRLE ArcMap(Esri, Inc. )T IR .

4 EBRASSTHEAME

EFGISHMAXHEULTTAEERXBEIHABRIGTANERAR, BEAMBENERES
AR 2SR CREE. ELREBEMCENBRANTAEEREZRE. &£ GIS HERAED . LK
BAENERARE B RERARN. BEXRBENA AR A BRAXIRAEHXE, AL XED
ZEHRERAN., HRUETAEEIMNKBHRECR ITRALEFUENATEMNRE, PRI EVH
FHEABRERBEEER BEEEERFBHAER T,

SHRABMHUTERRIBRETBSHRNTEIA S TR, SR, R SR e, XK E
BFAHRN(E2), AERERSEMN IMENKIE, A)5 3l EE#TR 202 [ EE, o 6O R
ROIURHE— SRR SRREEMAMBEE. T2 HHEEAOR NS IBENRR 2R
HNERBTE—TTRARRNYAMENKIES. £ GIS WEEHKET, o N8 RHE % 68 AW NERR,
HRAUEEZEMITRBELT. Ky BEXRENTERRTT,

HTFRAARAERNPBREATMAREN AT ERMACI R AR, M SRRV IEF&E.H
Arnell B T AR MR, BAB T UREEFERBR, G AR MRRERBI(E 2). #5 DEM
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B2 MEAKIMBASHAKCHBNEERLTHIAE LBRORTT L)

Fig. 2 Subdivision of catchments according to lumped model and distributed model {upper reaches of Mingjiang
River)
a: 3K §5 20K U 37 B 1000km? {8 81 43 5 B: 3 B 3¢ Catchment delineation threshold 1000km? (lumped model) ;b #E
HAMAER 5km AN ITPHEEZAT(THEAE /) EBABHTHH X)) Catchment delineation threshold
25km2(lumped model is similar to distributed model as the size of the cells decrease);c: P HAMEBIEE RN
25km? B i% 4L 2 A T distributed model with 25km? grid size
MR, TTUBRTERAMIS RS LET  wRRETURELRER AIFERFAPA/NREE, AR
B — AL RRED /DRI A R BT B R R R .

B L R RETRAREARNMEEARBERMEMANI I HARD, RO XFT R TmHH
RRAEEN EEREHEAFEERNER ARRIEBRESESHALARBLRLLARELR. (D) #H
Al DEM e srinnd i FREXMBE TR ALHRTELR /N BMEZHIBERR G HAM
A, (2) YRMATBRAESRE BRI AN, £ SRHBERBITHATHZNREEZNH K
JEHE TR .

BAAHKKAMBA LA RETLRBR LRI OER G, 8 % BRAG69 7K ST 48302 2 3 7 Hi R
BF RS &b B . 4 A 208 R ERUR] A K S0 & B0 Ok IRAE , 6 0 LK W SR B v &
MATLRER, FAMKERATRE UFEHFCSMIFREN KR . EXER BN HESARE KB
T, i, AP H RN LS TEE.

5§ AXESMESGCISAR

GIS WAFAXHEMBTF20MHE O ERK ERMEN 10, HEMNBZABBTKENLZR. @W
GIS 5K XA —3tH 4 BRI A,

(D HGIS HhBIKAB KBRS JHHFEANGIS SAXRBLZBBHFAENKR,.GIS A
—AHETAND, RENETERALRZCISHBLAWNES . ARDEHBREMEATAAR D FEdxk
5%k i) GIS B H R i,

(DA XHEBAGISEKAERP EFR.ALHGCISKEFEMMNATRFMAT K4 HHE
HIhRk ., P ESRI A E M ArcGIS = 5 ARCGRID 1 ARCSTORM iy &K U4 H 83k, (B H Thk H e
R, FEEAUFRRREE N L LEE BERETRIE.

(DRBERER XWHFERAXRET 3BIREF:—THESH GIS FER A, ArcGIS), — 1M K XRR
¥ # (4 ,HEC-1, HEC-2, STORM %), — M8t 5 #7482 (30, SAS,SPSS) . K XA GIS L AL
LB ASCIL B AN _#M AR RBE ST RIBVE I HEA(RT. XFTEHRARCKE
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PTHBETHEBRARNKGAOHREXRTARES. EHTREESFED FUXMFERXEZHK
XHRBS GISERARRPERERHANFE,

(DEHFXBER XMHFERARMKGERBEHEET QW ESRI B Avenue fl AMLIE(HHINE T
AU ENKIHEBRADGIS F, X TRUESRITHAAHEA S ES A - A EBTRIE, SR
EHME. BT EEENTBRAR FUNSTREIFMAMBEVNATERIRENRE TRSK.

BAEGS SAXHEHNERNTIERTECEAZHARARZEN T WA ERN S RETH K
BREREFILE NTIHEERRE - M FHOESAKE XFRABEHEL, B . EHEEREZRER
B AE@E D KA GIS HRENTEAS WIS ARNURFENARZPRPBEABRETK
X RARATEIH .

ﬁ%iw
!ﬂﬁﬁ!
D"““ T AR
GI1S
it ¥
L ‘___ Statistical :nnlyns
k. 38
Interchage file
B
Modelling software

B3 £EKXRBS GISHRHBEERTA
Fig.3 A loose coupling of ecohydrological model with GIS

6 iR

E4%k, TR E M —HItRARRE. (DAREESKCEBTFAN S E AR, Rk
HREXBREBRTE—ETERBRARFKN, — R FETF 10,000km?® (9K Fii; (2) A2 @] AT
— BB F 1km?, MBI K/MOREREOURKIER — B THME, n DEM, EEEA X BRHEE . SRS,
AW A A7 A4 BRI WS ()3 B 555 (8] 4 Mk, SR — R R AR K B I ] 25 46 5 ()Y
2 W ST MK B 75 A B P L 3R R B A 1 K B T A RO ik 4 A SR B (5) R R R
HEEEAAHA A FHHEETL, HE 85—,

AREABSKXIBEHYURTHEAET AEARELE JEENRRAR K GEE, & TKR
P45 4% 43 B 53 SIAKIE R A BE Bt 038 O 4 O, 30 0 05 4 o R BE BB T B K B 4 Ot D R B < R R
R B0 o BB AR AT A G 4 9 SR R R T AR 4R B B IR AR R B, R R T B R R S 4
AU I, (B B AUEE R 8 4R M /0 A S 0% T M T S 3 AT 99 (L « P30 R/ R R BE R R, K R M Y
AERBEE. 2. IMERTFEAKLRERFS XM ZHREAEREERNNB Y SRRMIEN
M, MULEERE Evk, HRTA AR BEEAGE R B ME Tk B % 35K 5 155 . B T 30 50/ Ji
RENBEFRBFEEHTFAREEFARE. AT 5AXIBNBE FRASHHRREFEENTY,
HNBI AR ERPENAEEER EPRITERBENORETRARARNER. B LR EF A
MERKEEPS 5K CHEFRMLEIE T — S H%A.
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