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Abstract

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

Methods We determined the best HRU scale for the eco-hydrological model (WASSI-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 spatial scales in HRU significantly affected the modeling accuracy. With the
increase of the spatial scale of HRU, the accuracy of simulated results first increased then remained relatively un-
changed 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.
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production, GPP) (MOD 17)fIMODIS 20004+
MO 55 B AR o T LAUR - 78 55 a4 0 7Y
R AZH; ETHIGPPEMHE R TR AR IE. 4
TRIRA—E, HMODISH VIR A= 1S K
MODIS_GEP. fE/ESRGRE L, GPPITIEET it
B ARG 477 J1(GEP), GPPHIGEP#34C KRk
] B¢ HE ) o GPP 22 (A FH T 5 2R B HUL 25 L ) 46 ik
(Sun et al., 2011b). #2781 398 J 11 2 HOER B 2 2
P 4 [E1:100 77 +- 3£ € (Shi et al., 2010), Hrpfasy
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Table 1 Datasets used in the study

Hi4E Dataset K Source Fi& Usage IR Ty
Resolution ratio  Year
B (LA BEK) P I LD e 1kmx1km 2000
Climate data (temperature State Meteorological Administration, China Input data
and precipitation)
LW 78 ol B T e ARG X B 1kmx1km 2000
Vegetation cover data Moderate Resolution Imaging Spectroradiometer (MODIS) Input data
(http://modis.gsfc.nasa.gov)
T AR R H T e ARG B 1kmx1km 2000
Leaf area index (LAI) Moderate Resolution Imaging Spectroradiometer (MODIS) Input data
(http://modis.gsfc.nasa.gov)
g R rh AR e R 5 SRS NEE 1kmx1km
Soil property data Institute of Soil Science, Chinese Academy of Sciences, Input data
Nanjing, China
SHIHET TR AR RS A FERYEG TIE 1km x 1km 2000
Gross primary production Moderate Resolution Imaging Spectroradiometer (MODIS) Model validation
(GPP) (http://modis.gsfc.nasa.gov)
ZEH MODISZEHL o HE 2 gL I REAS I 1km x 1km 2000
Evapotran- MODIS_ET Moderate Resolution Imaging Spectroradiometer (MODIS) Model validation
spiration (http://modis.gsfc.nasa.gov)
(ET) Zhang#%Hl  ETARREIRE PRI A IE 8 km x 8 km 2000
Zhang_ET Global ET database Model validation
(ftp://ftp.ntsg.umt.edu)
(et VU148 7K SC B U5 I J5) FERYEGUE 2000
Runoff (RUNOFF) Hydrology and Water Resource Investigation Bureau of Model validation

Sichuan Province, China

A Carbon circulate
GEP = f (ET)
REC = (GEP)

[

ET=f{(P, LA PET)

\

KP4 Water balance
Q=P-ET-As

Bl WASSI-CBIARIFIHESE . ET, i GEP, m/ESRSA:
72075 LALL WHIREREG P, Bk, PET, W{EZEHL REC,
EBRRERINFEE; Q, RUiE; s, THOK B, L
ZAEFME N0,

Fig. 1 Framework of WASSI-C model. ET, evapotranspira-
tion; GEP, gross ecosystem productivity; LAI, leaf area index;
P, monthly precipitation; PET, potential evapotranspiration;
REC, ecosystem respiration consumption; Q, runoff; 4s, varia-
tion of soil moisture, the average is zero for many years.

7K 3 )3 55T (hydrological response unit, HRU) A3
AR BALFEAT VRS, PN AR (RUNOFF). GEP.
ARG K (REC)MIETEEE N HI/K L ik IE
HHATEL. Horb, Ok B A BIAE I T Ak
P2 (FLUXNET) I E (1K Bl i, A geto)
WTONER K DA A RIS, K SO R ™
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(Sun et al., 2011b).
2.1.2 WRBIAREY

GEP S ETIH J¢ & 5 T4 3k ad 1 1 2% v 1 4L
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GEP=axET @)

REC =m + n x GEP 3)
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F 8T HARH B XK SO R I RE e, ok BB
BEATN O 1) 4 S UK SRR AL
22 MRRRFBIKDFE

AW IR AL £5A Ve RO S R s G
PEA R 2% 2 G BASINS (better assessment science
integrating point and non-point sources) 4.04E i [ 1t
P A5 KL & %8 (geographic information system, GIS)/K
CHTCRI B, L0 marHER (K5 T R A A
(digital elevation model, DEM)%d, %5 5EANRIKC
Wi 3 G (hydrologic response unit, HRU) I3 (1)1
FUBHAREA (km?), X 2% il E 37ttt A 17k Scm
PR ITCRI 3 o ARSCHETANF B AR B E, it Hi13
TR 73 77 %2 (323) -
2.3 REIWIEM A

BRI 1 v AR I /K | ol R ABE 0
B 5 A B EE A OPA, Jb w] gk — PR A G Ge Tt
SV BRI . A BRI YoE R
#((R®) A1 Nash-Sutcliffek & 22 $(NS) (McCuen et al.,
2006) X LR HEAT P

RIFINSII T 24 1t
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Table 2 Parameters of main vegetation types for carbon flux regression model in WASSI-C model

FI#E T Vegetation type GEP=axET REC =m+n x GEP
atSD R? m+ SD n+SD R?

A< Cropland 3.13+1.69 0.78 40.6 £3.84 0.43+0.02 0.77
A Closed shrubland 1.37 £0.62 0.77 11.4 +15.62 0.69 +0.15 0.74
V& [E AR Deciduous broad-leaved forest 3.20+1.26 0.93 30.8+2.93 0.45+0.03 0.83
&R RE AR Evergreen broad-leaved forest 259+0.54 0.92 19.6+8.74 0.61+0.06 0.63
HEREF AR Evergreen coniferous forest 2.46 £0.96 0.89 9.9+224 0.68 +£0.03 0.80
il Grassland 2.12 +£1.66 0.84 18.9+231 0.64 £0.02 0.82
JRAEHR Mixed forest 2.74+1.05 0.89 24.4+4.24 0.62 +0.05 0.88
FiBfi#E . Open shrubland 1.33+0.47 0.85 9.7 +3.03 0.56 £ 0.08 0.81
Lt %4 Alpine meadow 1.26 +0.77 0.80 252+3.23 0.53+0.07 0.65
W@ Wetland 1.66+£1.33 0.78 7.8+3.04 0.56 +0.03 0.80
ET, 8L GEP, B/ESRGA N, R, Yo REL REC, S RGEITRIMAER; SD, Mz . av my nEIAJFRIK R EL.

ET, evapotranspiration; GEP, gross ecosystem productivity; R?, determination coefficient; REC, ecosystem respiration consumption; SD, standard

deviation. a, m and n are the coefficients of regression equation.
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136 HEM/E 243 Chinese Journal of Plant Ecology 2013, 37 (2): 132-141

2R3 ANIF AR R AELX R PR ZAQ S 7 B e K8 B A I ) A 7K S [ B4 6 6~ B T AR

Table 3 Number of hydrologic response units (HRUs) and associated mean area of all HRUs corresponding to different area

threshold

TR B
Avrea threshold (km?)

10 12.5 15 25 35

40 50 85 100 160 200 300 650

FK 3T Y. BT
Number of hydrologic response
units (HRUSs)

KO B B T P-4 T AR

Mean area of all HRUs (km?) 229 308 375 534 686

105 78 64 45 35

27 24 21 15 11 7 3 1

88.9 1045 1264 160.2 2184 3432 8009 2403

ArH, OISy Jl o I 1) 250 K R IIE AL AUAE, n
AL ARME P H

n

Z(OI - Si )2

NS =1-E — ©)

>(0.-0)

MR REE AN NS E, H T
ARSI (200 SR o NS 4 7 225 15 000 M1 745 S5 14y Lk 491k
221, AT ST B, EARE S I 2 Jw) ) )5 22
5Ty Z=—RER, WINS = 0; 40l 5 i 2 18]
(R 77 22 W 77 22, TUINS < 0; #5405 0 >
B) ) 75 22 a3 10, JUIASE R4 AR eyt ASEHOL 1 0 A 1
ek, NS 11,

ASHIFFT T SR RZFINS I 5 > 2 H00f 7K Tk 30 5
(B0 R AT VEANY, DA SRAG nT 55 1) sk k) 4
UES
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AT P LA 2 HOR A AT UK 4y
Br, TRITIX LS AE R AR I DTk BUEK
P TR VE A 308 3 2 50038 £ £1.00% B 50 70 RS 4L 46 b f1 A%
RN AT VR, 5 EIL: X11S5b g+
N2 RIS EEAT B R USRI (R ) . ERUK
PR BT I AEA b, ST I R 4 N S B0 B (1)
LINSHAATHIS 5, 1527 M S50
A, W34,

3 FRFIHE

31 ARIREX S FHRMIIEL R L

ST HESEL, 5 BIRFUAS [R] T R A
IR 23 7 2 Z%ly i b3t k2000454 H 1)
GEP. ETHI#£3(RUNOFF, mm-month™). X 571
RLPSAEEAREE, 43 BTHHIX 38 B AN A 3
K173 75 S (IRZRINS, TR AN [R5 i 73 05 2 (s
PSR AT VPN
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Fed  WASSI-CIER b T 24 U R I U
Table 4 Sensitivity of main parameters in the WASSI-C
model and their optimal value

R 23 R X ] RN 2
Sensibility Parameter ~ Theory interval Unit  Optimal value
rank

1 REXP 1-5 - 24

2 UZFWM 5-150 mm 22

3 LZFSM 5-400 mm 36

4 LZSK 0.01-0.35 - 0.060

5 LZPK 0.001-0.05 - 0.016

6 LZTWM 10-500 mm 162

7 UzK 0.10-0.75 - 0.15

8 ZPERC 5-350 - 80

9 UZTWM 10-300 mm 30

10 LZFPM 10-1000 mm 65

11 PFREE 0.0-0.8 - 0.20

LZFPM, R EZ A KA &, LZFSM, T2 IRE A /K2 i
LZPK, N2 EZEER AR, LZSK, T2 CE B H i # %
LZTWM, T2k Jj/k %5 &; PFREE, 3% 2| T2 H K I0 t il
REXP, B &R S, UZFWM, FJZ2 A ik, UZK, B2
ACH AR A, UZTWM, LRk JIK% &, ZPERC, L3 LR =N
MK R B %,

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

tHE20] WL, AR 7 7 %, 3K AR
(GEP. ETHIRUNOFF){HME 15 HL 06 1E A4 RAF
TE—BUWARLRRAE, 750K 23 Tho A 3 K T
XF ROBER A RO, WA BEA 22, T b /N RO Rk
BN, P PR . RAFH B A5 TR 43 T A
RN N, AR5 RE0E FRgk/ N A Ak . IF H.
R4S Ak i 28 47 76 W] 223 5 0, iR mT LAY A
N T A AR X 3k ——— IR R 0 DX 3ol X 4
Horp, AR 25 T-85 km?2hy IR K4 . AR,
3G 1S AL ) 8. R 7 2 ) RO BE R AR A R B A
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Hydrological response unit area threshold (km?)
GEP —— ET RUNOFF

B2 AFERERIS T RN RS RR AT J1(GEP). ZEHL
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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.

[ PR AR, L P 7 B A U 0 o 7 3 e K, R (1
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0.83; GEPIR S KA A B/ ME 43 1 40.81510.76
MBANAZ B (R 22 T 41, = B R A7 A 22
Ft, BAURCR I 2 22 73 7 HET > GEP > RUN-
OFF.

P 3 3 17 A AR AR AL 11 3 A% R A AN [ 4
Oy T EIAIF INSTEFE, 305 NS 15 RPFEAE A A
AR ARAE, AR 52 AR AEAE — S0 ARk A T
FABHERBKI, NSEUN, 2 B3 v/ RZ R
PRI, ZE AR NSAAL 2 0185 km?® Ay
Ir TR, B HEAS I 2 A UK X RIS 2 X o 3R+
1) 5350 % 2 B F b G 31 22 1 Y GEP > ET >
RUNOFF, #U& 2 F& (1) I > 4 RUNOFF > ET >
GEP.

W A e A 1) 2 T AR (L PRI 9/, I 0 i 44
P VR TR TR AN R A NS L B UK Rith iR N B LY
L BEAE T IR I, AR I A A R B 2
TR I ) SRS T8 TRE 4, R b
P2 mA A RO (U 2 322y I T %),
ELBH A IR B e R, AL g Y G A
B IR RN - R A T AR e, AN B
RCRAIREAZS (B Be(B2 3B e D), 4R
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08 v w o
0.6 |-
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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.

B TTHEON R B — e B S, BT s Rl AR
DA B A8 0 15 22 P AR B3 0 B A Y B FA R0 R 11 B AR (1]
2. 3. BBl I FERI AR B () 7K SCRLER,
O FERE T RSO R, BT T B KL
IR WAL K, AR K SO
(R F B AT R S I ROk o B RS RS 4,
PR RA 7, e R E R
SERER T IE R o 7 T b 55 (2004) R 05 HE 45
(2004) 73 S LE 5 FG AL R Lake Fork sk I S ARUATF 5T
ORI, DIEAR A B A AT R A S R
I TR E A&, Wolock (1995) 74 [ &
111.5 km?[fISleepersii Jit 1 xof 3 T Hiu 1 by JEAtk ) K
A A (topography based hydrological model, TOP-
MODEL) # 48L 7K S i 3 5. 5 19 ]ROBE HEAT F 57841 K
Bz 7K SO R IR TI AR M0.05 kmP A8 4L )5 kmPid
Fitrp, ALK US4 AL TR 8 o, 2 i B T A
KT A E & (R AS . Wood%(1988)5F 111 3 (1 Aiff
FURIN, A KA ICE N, [R)— 7K SOk f
I (1) 22 S B T ek /S, Ak B — ROBE I, S0 W] —
KSR e 1 26 S 08 B g /M, I — RO gl A A
PR g I A RS

TiAb, MVEAN AR (AR Ak il 2 A 0, 22 [ g 3
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