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Abstract

A two-parameter monthly water balance model was chosen to establish the functional forms of model
parameters. The ensemble Kalman filter technique was used first to identify the time-varying parame-
ters, following the construction of the linear functions of parameters and precipitation, potential evapo-
transpiration and temperature via the correlation analysis between model parameters and climatic fac-
tors. The case study was carried out in three Model Parameter Estimation Experiment (MOPEX) catch-
ments in USA using the hydrological data from 1983 to 2003, in which the periods from 1999 to 2001
were selected as droughty year, while 2003 was selected as wet year. The results indicated that: 1) The
accuracy of runoff simulations was improved when considering the model parameters as time-varying,
especially in peak flows. The Nash-Sutcliffe efficiency coefficient of runoff was increased by 18% and 17%
for the calibration and validation periods, respectively; 2) the change of runoff was underestimated
when considering the model parameters as constant, with the relative error being up to 38%, while its
value was reduced to 7% when considering the model parameters as time-varying. Therefore, taking the
hydrological model parameters as a function of climate factors led to a significant enhancement in runoff
prediction under changing environment.
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Figure 1. Location of the three study basins
E 1. fARREIENE
Table 1. Basic characteristics of the three basins
= 1. MRRGERBER
s THIFR (km?) L35 7K B (mm) SRV AT 28 K B (mm) SR (mm) BRI T RIB
02126000 3207.2 1154.3 103.8 360 0.31 1.08
02143500 179.9 1219.5 101.9 427.1 0.35 1
02143040 66.7 1363.9 101 648 0.48 0.89

MZEREY, 2% C SFKRMFAE 1 A B, S50 SC SRR 3 AN BRI, 5 R B
AR AR S K BAT OGRS C N SC R 22 R 2
C(t)=a,+aT(t)+a,P(1-1)
SC(t)= B, + BPET (t)+ p,P(t)+ p,P(t=3)+ B,T(t-3)
T2 T SHINARNZT R, BlESEINER. 28 C M SC 73 A2 SH &P SH s
BRI T

3.3. ZESHHIN TR A M REN

B3 HHT EAMMARBEAFBENSH T R FHEREMER. HETUER, HETEHESH, 55
B g of AR 2R X R ASEADL 200 SR A 26 AR 36 HA S5 4 v, FE Aol 2480 C A SC 3575 18 g It A8 20 SRS R B U
PAN(02126000 AT 02143040) K563 NSE HFTIE 0.9, M T HSH A E T 18%M1 17%, FEH# NSE 8
SRR T 17%M 13%. HEIEFTUEH, SH{ERMRIEA R S 540 MR T T 5, BiEREn C
IR/, SCIEIE K.
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6% AN . BRI, JEHT 1999~2001 =4 4T 24, 2003 4 J9iiE Rt i FE K BRI . 35 4 45 7 =
ANIIAE ik - 52 AR AR (1 B K AR AR A S 0, 7] DA H AR IR B K IR AR A 70 BURK, FE7K A A2 60%~80%
I AR AR AT IE 300% LA .

5 BN T RSB FIR AR 7 0] B T SR AN R AL K. B RE(QVERTH, TEHHSHE
WR, T 54E =AW R AR S AR ZE BME N 20%, I N-17%, BIFETSERBERER B E KT
SEAE, PRI NTIRIME . TR S H R T RS BT T RS, TR AR
EHIHR LRI N 10%H 4.7%. B 5 T-F4EBRRRENRR R AQ,, W, HFREKELT,
A S HOT RINAR AR & T HESET R RN R 5 REAOEME RN, BHSHTR
B BRI AR ZEAE N-30%, BAESET RN 7%, BIEBSHT ZIR KRR N AR AR, Tk
SR 8 NI AR A e T RSO R K AR I AR IR AR, RS AR AL R B4R T A 52 44T

Table 2. The functional forms of time-varying scheme for two-parameter monthly water balance model

2. MEHAKEFEEREESHENTRXSR

ZHRA C() SC(H)
A ay by
ZH C 7R a,+a, *T(t)+a, *P(t-1) bo
4 SC 72 a by +b, * PET (t)+b, * P(t)+b, * P(t=3)+b, *T(t—3)
S C I SC i AR a,+a *T(t)+a,*P(t-1) by +b, % PET (t)+b, % P(t)+b, * P(t-3)+b, *T(t-3)

Table 3. Performance statistics for runoff estimates in the calibration and validation periods under different time-varying parameter

schemes

3. MEREA RN TSR REREMFQIHIRREIER

REWH g gl
5 ES C Ne RMSE NSE RE RMSE NSE RE
(mm) (%) (%) (mm) (%) (%)
HE 1.093 621.0 1658 70.62 0 1572 77.46 10
3s C 1.096 + 0.0277(7) — 0.004P( — 1) 691.1 14.12 78.69 0 10.61 89.74 8.44
611.11-2.64PET (1)—0.309P(¢
02126000 i s 1.092 () () 13.83 79.53 0 12.16 86.53 8.74
-0.203P(t~3)+7.372T (t-3)
A 5 726.87 —=2.59PET (t)—0.929P (¢
e 1.33 + 0.0047(¢) — 0.003P(t — 1) () () 12.81 8245 0 958 91.63 11.1
cHsc —0.189P(¢—3)+8.053T (1 -3)
HE 1.065 1279.5 1236 80.17 0 13.16 83.54 0.45
N3s C 1.023 + 0.0217(7) — 0.003P( — 1) 14013 10.84 84.76 0 11.74 86.90 0.84
1277.9-3.913PET (¢)—0.717P(t
02143500 s g 1.065 Q ) 1001 870 0 117 8699 0.15
~0.359P(1~3)+0.244T (- 3)
A 5 2175.4—3.358PET (t)—2.784P(t
e 0.925 + 0.027(7) — 0.002P(t — 1) (") () 937 88.61 0 1225 8575 2.8
cHsc —0.381P(r—3)-9.987T (¢ -3)
B 0.905 1692.9 1732 76.12 0 19.19 76.70 5.96
N3s C 0.92 +0.0297(r) — 0.004P(t — 1) 2065.7 1460 83.02 0 13.82 87.91 538
1422.7-3.967PET (t)—0.166P(t
02143040 s g 0.904 (1) (1) 1509 81.86 0 1621 8337 6.16
+0.671P(t—3)+5.789T (1 -3)
IS 25 % 3258.2-3.292PET (t)—4.087P(r)
0.787 + 0.0377(¢) — 0.004P(¢ — 1) 13.16 8620 0 12.55 90.03 5.57
c i sc —-1.912P(r—3)—18.586T (1 -3)
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Figure 2. The runoff of observed (dashed line) and simulated (solid lines) for time-invariant
(blue) and time-varying parameters (red) from 1997-2003 in catchment 02126000
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Figure 3. Annual mean precipitation and runoff coefficient in the three study basins

3. MR KFERARZRFTIIE

Table 4. The observed precipitation and runoff during the dry years (1999-2001) and the wet year (2003) in the three study basins
= 4. MRTETFRH(1999~2001)FEHF (2003 )FE7K 2 TR ST BARE L IHF IR

T F4(1999~2001) W IE4E(2003) _ _ _ _
e — — — ———— AP(mm) AP/ AQ, (mm) AQ,/O  AQ, /AP
B (mm) O (mm) Q/F P (mm) 0 (mm) O,/P
02126000  901.5 166.4 0.18 14805 674.2 0.46 579 64.2% 507.8 305.2% 0.88
02143500  972.1 205.1 0.21 1740.1 840.7 0.48 768 79% 635.6 309.9% 0.83
02143040 10324 286.4 0.28 1821.5 11459 0.63 789.1 76.4% 859.5 300.1% 1.09
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Table 5. The variation of simulated runoff in the dry years (1999-2001) and wet year (2003) under the constant and time-varying
model parameters schemes

= 5. BRATHMFT S ZETFREH(1999~2001)FLEIHFEQ003) IR m T IER

‘ T 24£(1999~2001) HE4F(2003) _ _ _
itk ViE — — AQ, (mm)  RE(AQ)  AQ,/AP
NSE REQQ) Q, (mm) NSE REQ) 0, (mm)
L 0.68 0.09 181.5 0.58  —0.26 498.1 316.6 -0.38 0.55
02126000
WBHFAE 068  —0.20 133.6 0.94 0.0 676.9 5433 0.07 0.94
wE 0.64  0.13 2313 0.71 -0.1 760.2 528.9 -0.17 0.69
02143500
WMSHEA 078 0.01 207.0 0.65 0.09 916.0 709.0 0.11 0.92
T 0.12 037 393.4 0.57  —0.16 957.4 564.0 —0.34 0.71
02143040
MBHIAE 059 0.10 315.0 0.91 0.05 1201.3 886.3 0.03 1.12
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