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Deter mination of spatial scale of response unit for WASSI-C eco-hydrological model—a case
study on the upper Zagunao River water shed of China

LIU Ning', SUN Peng-Sen"’, LI1U Shi-Rong', and SUN Ge®

Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China; Southern Global Change Program,
USDA Forest Service, Raleigh, NC 27606, USA

Abstract

Aims Optimal spatial scale of hydrological response unit (HRU) is a precondition for eco-hydrological modeling
asit is essential to improve accuracy. Our objective was to evaluate the spatial scale of HRU for application of the
WASSSI-C model.

Methods We determined the best HRU scale for the eco-hydrological model (WA SSI-C) through examining the
modeling accuracies at different HRU thresholds. This study focused on a large watershed, the upper Zagunao
River watershed, situated in the upper reach of the Minjiang River, Yangtze River Basin, China.

Important findings Variation of spatia scales in HRU significantly affected the modeling accuracy. With the
increase of the spatial scale of HRU, the accuracy of simulated results firstly increased then remained relatively
unchanged and then decreased, suggesting existence of a threshold around 85 km? in HRU for this model for this
watershed. We validated the model using this optimum spatial scale and discussed the potential to improve model
output by addressing input parameters such as temperature.

Key words eco-hydrological model, hydrological response unit (HRU), spatial scale
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1) 5 VA T R ) 46% K11 32%, T Rl A R ¥
#Z(Abies fargesii var. faxoniana)fll = £Z(Picea asper-
ata) (Jiang, 1963).

12 #iE

F TR 7 1 B = B A 1 (Digital Eleva
tion Model, DEM)##5 73 %% 990 m, 1E BAY 4
NS G CFE R I B ORI R 2508
AT TR (0 R G B ik T 4 [ 7524 R R iR
AR K BdE, A Anusplin (Ver. 4.1; Australian
National University, Center for Resources and Envi-
ronmental Studies, Canberra, Australia) ¥, 51 A4
FE. 4ifE. AR E BRI AR, RA =2 EHR
JEIFRE AR REER AL km X 1 kil A1 K £
PR (RIREE, 2011). F R 7 3 e g ot A 5k
#5(MODIS) L FEMODISH- T # 5 % (leaf area index,
LAI) (MOD 15). MODIS# i} (evapotranspiration,
ET) (MOD 16). MODIS #1247 1(gross pri-
mary production, GPP) (MOD 17)fIMODIS 20004
R w11 e SO N Uy TP A (= T b LR
TERANER NS EL, 2RO SR T8
TR EHIE. N T RIA—FL, ¥MODISK) &
WIZ AP 184 5 AMODIS _GEP. fE4A S RGN
B b, M JI(GPPYIE A T MRS R YA
7% 71(GEP), GPPHIGEPH X 2 A8 % 1 [ 5k fik
GPP 2 I F T 155 Y A58 40 45 AL (1 38 4F (Sun et al.,
2011b). A 1358 1k 2 HOR AN ) B A AR Dy
1:100/5 -3 & (Shi et al., 2010), Hrh & 2K+
TN IR A 5 . F TR IR SRR Y £
P s 2% T 1 7K Sk 20004 (1) H A2 3 2048
FEE Y (1) 56 31F B 95 38 A Zhang &5 (2010) 1) 4% 1) 4= 1k
198320064 it ¢ H ETH a4 . deAds 25 T 04
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P ZEHOEATI. PR N AR L.

2 MRFEE
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WA SSI-CHE ! £ Sun%:(20110) F & [ — S BAK
SRR ORI A REEAES RGERL, &Kt
TR (water supply stress index, WASSI) (Sun
et al., 2011a)Fl/KBx& It B 4 i) H R AE S R
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SEPRZEHL, RECHAEBRGHIFIIEFEE; a. m. n
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A

ET=f{(P, LAI, PET)

A J

K &P Water balance
Q=P-ET-As

Bl WASSI-CHRIIRESE ., ET, Z8; GEP, BAERGA
773 LA, MR, P A BEK S PET, W TEZHEL REC,
B RFTIRERE; Q BiiE; As, IBKTHE, K
ZHPBIENE.

Fig. 1 Framework of WASSI-C Moddl. ET, evapotranspira-
tion; GEP, gross ecosystem productivity; LAI, leaf area index;
P, monthly precipitation; PET, potential evapotranspiration;
REC, ecosystem respiration consumption; Q, runoff; As, vari-
ation of soil moisture, the average is zero for many years.
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P34 I 7 A5 TR UL ) 38 B A A [ Ak )
4377 RIGAE FINSIRAR, 3/4M40 & (INSE RPAEAE AL
AR IE, AR &2 [ A7 /e — B ks Th
AR, NSES, 280 53, d/ R
PRCRET, ZRAK. NSELHZE 1 U85 km*y
TR A N BUR X R E X . 3N AR
1 20 Z 503 b M B 22 1 P A GEP > ET >
RUNOFF, U % B2 1 I 7 9 RUNOFF > ET >
GEP.

It 2 AL 3 K21 T AL R AL PRk /D, I S A0 7
I, FR I A T kN, B R R R
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Tablel Datasetsused in the study

HE4E Dataset K Source Fliz Usage % Year
Resolution ratio

GBI BRI FEK) Pt V5 LN &1 1km x 1km 2000

Climate data (temperature and State Meteorological Administration, China Input data

preci pitation)

T o6 B R AR5 1S . Moderate Resolution Imaging Spectrora- i A i#s 1km x 1km 2000

Vegetation cover data diometer (MODIS) (http://modis.gsfc.nasa.gov) Input data

- AR AL rh 7 M RO 1HE{X. Moderate Resolution Imaging Spectrora- i A i 1kmx 1km 2000

Leaf areaindex (LAI) diometer (MODIS) (http://modis.gsfc.nasa.gov) Input data

R S0 s BB s HHET IO Institute of Soil Science, Chinese i A\ ¥ 1km> 1km

Sail property data Academy of Sciences, Nanjing, China

R 7771 Gross primary H1 2 FEER %G {X. Moderate Resolution Imaging Spectrora- 157 564iF
diometer (MODIS) (http://modis.gsfc.nasa.gov)
7K B Evapo- MODIS#RL /o HFR B8 6154 Moderate Resolution Imaging Spectrora- 1574 56 1iF

production (GPP)

Input data

1kmx 1km 2000
Model validation

1kmx 1km 2000

transpiration MODIS_ET diometer (MODIS) (http://modis.gsfc.nasa.gov) Model validation

(ET) Zhang 7% #i ET4&EkE#E4E Global ET database (ftp:// ftp.ntsg.umt.edu/) FETYGIE 8km x 8 km 2000
ZHANG_ET Model validation

ZBEE Runoff data VY1148 7K S % IR Hydrology and Water Resource Inves- #5856 41E 2000

(RUNOFF) tigation Bureau of Sichuan Province, China Model validation

2 WASSI-CHM = ZE A T Bk G B [ R ) 2

Table2 Parameters of main vegetation types for carbon flux regression model in WASSI-C model

B Vegetation type GEP=a X ET REC =m+n x GEP
a+D R m+ SD n+3P R

A< Cropland 3.13+1.69 0.78 40.6+3.84 0.43+0.02 0.77
R PAT#E M Closed shrubland 1.37+0.62 0.77 114+ 15,62 0.69+0.15 0.74
P& fE AR Deciduous broad-leaved forest 3.20+1.26 0.93 30.8+2.93 0.45+0.03 0.83
H 4R AR Evergreen broad-leaved forest 259+ 054 0.92 19.6+8.74 0.61+0.06 0.63
H4EEHHK Evergreen coniferous forest 2.46 + 0.96 0.89 99+224 0.68+0.03 0.80
i Grassland 2.12+1.66 0.84 18.9+2.31 0.64 + 0.02 0.82
VBASH Mixed forest 2.74+1.05 0.89 244+ 424 0.62+0.05 0.88
FBi#E A\ Open shrubland 1.33+0.47 0.85 9.7+3.03 0.56+0.08 0.81
fr LI B Alpine meadow 1.26+0.77 0.80 252+ 323 0.53+0.07 0.65
B Wetland 1.66+1.33 0.78 7.8+3.04 0.56 + 0.03 0.80

ET, Z# GEP, MAESRY LI, R, Yo R REC, ABRGMRIHFE; D, frdEmZE. av my RN REL.
ET, evapotranspiration; GEP, gross ecosystem productivity; R?, determination coefficient; REC, ecosystem respiration consumption; SD, standard

deviation. a, mand n are the coefficients of regression eguation.

B AR TN R R AR T AR, AT H B
RIS AL BT B (B2, 3 AR R e 1), =4
s O KB e R, BRI
e LAY R 22 1A B B3 AR AR DL RICR (R A1
(B2, 3ffl). % sed I I FEARE AL DA B A 7Rk SO
e, Hgn g 7 LhoKocd R, B 7R
IRSCRERE AR . MREIUEE RORE, 12 AL X 7K 3L
R RE AR BAT IR SR K R - EE USRS

3 ANIE] A RS IS AR 7K S I PR e 80 K A 2 F) P 249 T A

G, FIMAIEIIE R 7, — e R R M i —
WS EAE R R . 7K T RA S5 (2004) AR 5 1
24(2004) 43 HIAE 5 RIS R Lake Fork it 35 (1) LU
FUH R I, U IAR UL BE A A B I I S P
B JEE TR AR, Wolock (1995)7E THi A
1115 k{1 Sl eepersii] i fs xt 3 T R LA
JK 3 # #4 (topography based hydrological model,
TOPMODEL )48\ 7K ST S 576 ) RURE BEAT BIF 5T
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Table 3 Number of hydrologic response units (HRUS) and associated mean area of all HRUs corresponding to different area

threshold
AR
Areathreshold (km?) 10 125 15 25 35 40 50 85 100 160 200 300 650
K ST S B TG ET
Number of hydrologic
response units (HRUS) 105 78 64 45 35 27 24 21 15 1 7 3 1
S35 T AR
Mean area (km?) 229 308 375 534 686 889 1045 1264 1602 2184 3432 8009 2403
F4 WASSI|-CHAY i 3 TS A Ui fn s e 1.0 - .
Table 4 Sensitivity of main parameters in the WASSI-C : e .
model and their optimal value AT e e .
—— v = = —— = ~08F e e et
BT S8 PR X [H] XA /| < 0 h—y
Sensihility ~ Parameter Theoryinterval Unit  Optimal value ot / : N
rank 206 / ! *
1 REXP 15 24 £ ! |

% (] F // ]
2 UZFWM  5-150 mm 22 W8 / !

£ 04l [HORRE | RER
3 LZFSM  5-400 mm 36 * 2 Sehsitive Region]Stability Region
4 LZSK 0.01-0.35 0.060 £ o2 / !
5 LZPK 0.001-0.05 0.016 2 |l |

* |
6 LZTWM  10-500 mm 162 ool
7 UzZK 0.10-0.75 0.15 650300200160100 85 50 40 35 25 1512.510
8 ZPERC 5 350 80 TR SO RE A G TR B
Hydrological response unit area threshold (km?)
9 UZTWM  10-300 mm 30
= GEP + ET =+ RUNOFF

10 LZFPM 10-1000 mm 65
1 PFREE 0.0-0.8 0.20

LZFPM, T2 EZEHHKFE,; LZFSM, FEREE HKE &,
LZPK, N2 R G AR, LZSK, T Z KB R s %,
LZTWM, T )25k /K% &, PFREE, %i& 5 T2 H K1 6l
REXP, B &R SH; UZFWM, E2 HBKAR; UZK, B2
ALH MR ZE, UZTWM, LRI IR &, ZPERC, L3 LT
MK NEE.

LZFPM, lower layer primary free water storage; LZFSM, lower layer
supplemental free water storage storage; LZPK, lower layer primary
baseflow discharge rate; LZSK, lower layer supplemental baseflow
discharge rate; LZTWM, lower layer tension water storage; PFREE,
percolation fraction going to lower layer free water storage; REXP,
percolation curve shape parameter; UZFWM, upper layer free water
storage; UZK, upper layer interflow discharge rate; UZTWM, Upper
layer tension water storage; ZPERC, ratio of max to min percolation
rates between upper and lower sail layers .

KRB KSR BT (T AR 0,05 kmPAE fk £S5 km?
EREH, BN R IR R N, 2 5 B T AR
188K TR 2 RS . Wood (1988) 2550k 1113 1)
WHAC R IR, B RFE B TE3E n, Rl — /KO 2
M) I8 F) 22 S T /), TS B — R, Jaidsloxt [F]
K SR P M I 22 S O B B /ML, I R
ST (1) B S DL R

FAh, WP FE AR AR A 28 B, 25 1] 0
JREE AR A St TR AU ) 3AN AR B 1 B AR FE AN TR
FHRUNOFF R AR 4k £ 9 UK, ETAIGEPX U

www.plant-ecology.com

B2 ARG T EEES RGETI(GEP). L
(ET) Rt dak. & 42 I (RUNOFF) 5 L 56 11F £54is 1) W e R0
Fig. 2 Determination coefficients of gross ecosystem produc-
tivities (GEP), evapotranspiration (ET) and total runoff of the
watershed (RUNOFF) between simulated results and verifica
tion data under different watershed classification schemes.

FE AR A BB ARG . X B R AR T
BRI AR B A AT e . METAIGEPR: T #2%
RUTHER, AL S R T PN A R 2 A ) AR AN B R AR
PRARRT AN, AT H 4 55 A AUk i o TR B, el T
TR e ) 30 R B R T FLUXINET HH 3 o 540
S A, MHLE_E I R A AU
PEo AR, 3R S AR AP 7R 2 5, HHET
MIRPHE K, TINSHIXHEAR, X% AR ET S
6 UE BOE A7 AR R — B TR ARk a3, SR EUE b
55 Zhang (2010) 1 ETA7AE K I 22 7 (Wi #l6
R B B AT) . GEPAE UL AT ) REFTNSHE X #1545
B, UGS B 5 MODISHIGEPE B — 3k, #i A
X GEPIIRE ISR AL 1T . RUNOFFAE 1LL36:11F ft) REFI
NSHIXHE— 2%, {H2 3 CRF AR .

i BRI IR VPN Fa bR KB, R E GEPHI
ETH R BERUBRMERSS, SR AR T AL B R
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I
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.

MERH
Nash-Sutcliffe efficiency coefficient (NS)
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Fig.3 The Nash-Sutcliffe efficiency coefficients (NS) of gross
ecosystem productivity (GEP), evapotranspiration (ET) and
total runoff of the watershed (RUNOFF) between simulated
results and verification data under different watershed classifi-
cation schemes.
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