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Application of Sacramento Model Calibrated by Free Search
Algorithm in Cold and Arid Region of Northeast China
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Abstract: Free search (FS), which was set up based on the group of animal behavior, was adopted as
an optimization algorithm to calibrate the Sacramento (SAC) model and the Xin’ anjiang ( XAJ) model.
Calculation of the calibrated SAC model and XAJ model were conducted for the three watersheds of
Songhua River System and Liao River System. Applicability of the SAC model was validated in cold and
arid regions of Northeast China via comparison of the simulation results between the SAC model and XA]J
model. The results indicated that the iterative calculation process of FS was simple and needed a few
settings of the algorithm parameters, and it exhibited relatively high efficiency in the process of SAC
model and XAJ model calibration; the simulation result of the SAC model was better than that of the XA]J
model under the same conditions and its Nash — Sutcliffe model efficiency coefficient was higher than that
of XAJ model. Whereas, the simulation accuracy of the SAC model needed to be improved in the case of

application to the cold and arid region of Northeast China, and the performance of the SAC model needed
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further development and improvement.

Key words: Sacramento model; Xin’ anjiang model; Free search algorithm; cold and arid region of

Northeast China
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Tab.1 Main parameters and their feasible ranges
of SAC model

UZTWM/mm 10 ~300
UZFWM/mm 5 ~150
UZK 0.1~1
LZTWM/mm 10 ~635
LZFSM/mm 5 ~400
LZFPM/mm 10 ~ 1 000
LZSK 0.01 ~0.35
LZPK 0.001 ~0.05
PFREE 0~0.8
ZPERC 5 ~350
REXP 1~5
RSERV 0~0.4
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x2 XAJRBFTESHTHLER
Tab.2 Main parameters and their feasible ranges

of XAJ model

SR Bl
WUM/mm 5~20
WLM/mm 60 ~90
C 0.08 ~0.20
WM/mm 100 ~200
B 0.1~0.4
IMP 0.01 ~0.04
SM/mm 10 ~50
EX 1~1.5
KSS 0~0.7
KG 0~0.7
KKSS 0~0.9
KKG 0.950 ~0.998
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Fig.1 Process of model calibration by FS algorithm

at Fazhan Station

B2 BkIyuh FS LR K SO R I 7
Fig.2 Process of model calibration by FS algorithm

at Tieli Station

3 ol FS Bk A E R SO R A
Fig.3  Process of model calibration by FS algorithm

at Dianzi Station
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Tab.3 Main parameters of SAC model calibrated by FS algorithm

UZTWM/ UZFWM/ LZTWM/  LZFSM/ LZFPM/

K 3L LZSK LZPK PFREE ZPERC REXP RSERV

mm mm mm mm mm
K v 10. 15 74.82 0.58 484. 09 160. 19 210. 83 0.33 0. 05 0.37 97.30 2.59 0.23
vk 32.28 121. 65 1. 00 620. 68 301. 47 406. 82 0.07 0. 04 0.56 63. 00 3.70 0.21
i) v 83.96 130. 87 1. 00 208.75 208. 31 116. 65 0.11 0.01 0.53 29.03 1.51 0.13

®4 FSEEXEEN XAIRBTESY
Tab.4 Main parameters of XAJ model calibrated by FS algorithm
WUM/ WLM/ WM/ SM/

7K 3C C B IMP EX KSS KG KKSS KKG

mm mm mm mm
Vo4 14.32 62.22 0.08 199. 99 0. 40 0.01 33.80 1.12 0.53 0.17 0.71 0.95
k77l 9.62 68. 47 0.14 199.20 0.40 0.01 10. 02 1.22 0. 04 0. 66 0.62 0.95
fi] F- 3l 5.49 89.31 0.10 100. 71 0.37 0.01 13.70 1.35 0.37 0.33 0.89 0.99
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Fig.4 Results of daily runoff simulation at Fazhan Station over Ougen River

5 WL R b H A AR D A5 R

Results of daily runoff simulation at Tieli Station over Hulan River

Fig. 5
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Fig.6 Results of daily runoff simulation at Dianzi Station over Laoha River

F5 FSHERTEWSACEBERER
Tab.5 Simulation results of SAC model
calibratedby FS algorithm
B Jk3cu NS R,  Quw/P Qu./P ET/P
KIEVE 0.659  0.772  0.286  0.221  0.727
FEW Biuh 0.774  0.994  0.437  0.434  0.494
fFu 0.528  0.944  0.174  0.164  0.884
KBS 0.689  1.086  0.213  0.231  0.707
WU Biuh 0.564  1.058  0.368  0.389  0.596
fi F¥h  0.781  1.010 0.187 0.189  0.780
TE R, L & (Q, ) 5 S & (Q,,) W HAE, P R K
WL ET, A AR 0 92 PR A HOR: , R,

F6 FSHEZRETEMXAJEUEHER
Tab.6 Simulation results of XAJ model
calibrated by FS algorithm

B Jk3cah NS R,  Qu/P Q./P ET/P
KBS 0.556  0.549  0.286  0.157  0.845
FEW B AEE 0.730 0 0.949  0.437  0.414  0.565
fFui 0.476  0.814  0.174  0.142  0.876
KE¥E  0.639  1.028  0.213  0.219  0.779
Krged  #yuh 0.503  1.005  0.368  0.370  0.634
fFui 0.734  1.000 0.187  0.187  0.802
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