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Case study of parameter auto calibration of distributed parameter model based on Condor algorithm
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2. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)
Abstract: Physically based distributed parameter models have been widely used to evaluate and predict groundw ater flow and hy
draulic response. The traditional triat and- error approach for calibrating the numerical model parameters depends on the expert
ence and subjective assessment of the modeler and can be very time consuming. In this paper, the Condor algorithm, a constrair
ed, norr linear, and derivative free optimizer, is introduced into parameter auto calibration of a synthetic groundwater model. It a
chieves a complete process of parameter auto- calibration of the model. T he convergence effects are compared with those using
the genetic algorithm, w hich suggests that the Condor algorithm is less affected by the initial parameters and improves the opt1

mizing efficiency significantly compared with genetic algorithm.
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Fig. 1 Framework of parameter auto calibration
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Tab.1 Pumping process of wells
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Fig.2 Meshing and well location
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Tab.2 Daily variation of water levels in the observation wells

m

REyd 1% 25 35 45 55 65 75 85 9% 10 5 115 125 135
1 41.25  41.22 41.25 39.42  36.27 36.28  34.47 33.35 33.21 33.22 34.70  34.064 34.70
2 44.10  44.10 44.10 43.65  42.87 42.87  42.31 41. 88 41.50 41.50 40.88  40.87 40.88
3 43,15  43.12 43.15 42.16  40.21 40. 21 39.41 38.90 38.88 38.88 39.41 39.35 39.41
4 44.20 44.19 44.20 43.78  43.02 43.02  42.53 42.15 41.81 41.81 41.18  41.17 41.18
5 43.12  43.09 43.12 42.12  40.12 40.12  39.32 38.81 38.80 38.80 39.36  39.31 39.36
6 44.02  44.01 44.02 43.51 42.56 42.56  42.01 41. 61 41.31 41.31 40.87  40.85 40.87
7 42.60  42.57 42. 60 41.33  38.77 38.77  37.81 37.22 37.35 37.35 38.44  38.37 38.44
8 44.19  44.18 44.19 43.77  43.02 43.02  42.52 42.12 41.76 41.76 41.13  41.11 41.13
9 42.70  42.67 42.70 41.48  39.03 39.03  38.10 37.53 37.64 37. 64 38.63  38.56 38.63
10 44.02  44.01 44.02 43.51 42.58 42.58  42.02 41. 61 41.30 41.30 40.84  40.82 40.84
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Tab.3 Parameter auto calibration results of genetic algorithm

WH k1 k2 k_3 phi_l phi_2 phi_3

FRUEAE 4.75¢ 11 2.37¢11 5.93¢ 12 0.25 0.20 0.15

ZoEAd 4.7583¢ 11 2.3437e 11 6.5591e 12 0.2639 0.1937 0. 1691

AT R 2 (%) 0.17 1.11 10. 61 5.57 3.15 12.70
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4  Condor
Tab.4 Parameter auto calibration results of Condor algorithm

s b i : ‘ HIEAE \ \ . _ ‘ *ﬁxﬁ%%(\%) ‘ ‘
T% 1 Ti% 2 TT% 3 TT% 4 VES! TI%2 JI% 3 LEZS

k_1 4.75e 11 4.7523e 11 4.7487¢e 11 4.7523e 11 4.7486¢ 11 0. 05 0.03 0.05 0.03
k2 2.37e 11 2.3687¢ 11 2.3679% 11 2.3675e 11 2.3627¢ 11 0. 05 0.09 0.10 0.31
k3 5.93e 12 5.9334¢ 12 5.969%4e 12 5.8917e 12 6.2169¢ 12 0. 06 0. 66 0. 65 4.84
phi_l 0.25 0.2511 0.251 0 0.250 9 0.254 7 0.44 0.41 0.37 1.89
phi_2 0.20 0.199 7 0.199 3 0.199 0 0.197 4 0.15 0.36 0.50 1.31
phi_3 0.15 0.150 1 0.151 3 0.148 7 0.158 9 0.07 0. 86 0.87 5.95
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Tab.5 Comparison of optimization effects between genetic and Condor algorithms
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Fig.3 Sensitivity analysis
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Fig. 4 Firstorder error analysis
Condor FIEALALIR 5l 43 A1 2 HUi) #b T /KGR A 2 48, DAk
ARG, 80 B 3 U 3R AT, W) S5 AN )
2, R0 N I3 H b ek Zerb i A R B E ;s Condor
LR A B Mg I8 — A, AT w00 R B R 5 B,
(T#% 770 ®)



F13% S5 79 - wAAHEE KA FL - 20154 8 A

[10]

[11]

Vachaud G, Passerat De Silans A, Balabanis P, et al. T em poral

Stability of Spatially M easured Soil Water Probability Density

Function[ J]. Soil Science Society of America Journal. 1985, 49

(4):822-828.

Kachanoski R G, Jong E. Scale Dependence and the T em poral

Persistence of Spatial Patterns of Soil Water Storage[J]. Water

Resources Research. 1988, 24( 1) : 85 91.

De Jong C. T he Contribution of Condensation to the Water Cy-

cle Under High Mountain Conditions| J]. Hydrological Proces

ses. 2005, 19( 12) : 2419 2435.

Grayson R B, Western A W. Towards Areal Estimation of Soil

Water Content From Point Measurem ents: T ime and Space Sta

bility of Mean Response[J]. Journal of Hydrology. 1998 207

(1):6882.

J M, Ceballos A. Mean Soil Moisture Estimation Using Temporal

Stability Amalysis[ J]. Journal of Hydrology.2005,312( 1) : 28 38.
e B RN K A3 I IR 2 T JUE P
FU D ERR 2 BEAIT 50 A e ( 30F K 4 IR K75 25 S BERT
i), 2012. ( GAO Lei. Temporal stability and the spatial
scaling of soil moisture in a small watershed on the Loess
Plateau[ D]. Chinese Academy of Sciences ( Institute of Soil
and Water Conservation), 2012. (in Chinese))
P, A8 W 2 0 v T R R XA 4 K R N T BEE
[J]. A&k T FE22 4K, 2011,27( 7): 45 50. ( BAI Yiru, SHAO
Ming an, T emporal stability of soil water storage on slope in
rairr fed region of Loess Platea[ J]. T ransactions of the CSAE,
2011,27(7):45 50. (in Chinese))
WP, FOBF, IR, &, i N T VAR R X )2 K
3 ) IR R PERFAEL ] . 7P D 358, 2009, 29(1) : 8F 86.
(PAN Yarr xia, WANG Xirr ping, SU Yarr gui, et al. T em poral
Stability of Surface Soil M oisture in Artificially Revegetated
Desert Area[J]. Journal of Desert Research,2009,29(1): 8t
86. (in Chinese))

[13]

[ 14]

[15]

[ 16]

[17]

[18]

[ 19]

[20]

[21]

F, B, 5SS, S DU S R X K ) R AR
S R I AR E VT[] A 4], 2009, 27(2) 1 21 F216.
(WANG Gar gai, WEI Chao fu, Lv Jix ke, et al. Spatial Varia
tion and Its T em poral Stability of Soil Water in Hilly Area of
Sichuan Basin[J]. Journal of Mountain Science, 2009, 27(2) :
211-216. (in Chinese) )

Bogena H R, Huisman J A, Oberdfrster C, et al. Evaluation of
a Low Cost Soil Water Content Sensor for Wireless Network
Applications[ J]. Journal of Hydrology. 2007, 344( 1) : 3242.
Campbell G S, Greenway W C, Others. Moisture Detection
Apparatus and Method: 2005/ 6/ 14.

Ritsema C J, Kuipers H, Kleiboer L, et al. A New Wireless
U nderground Network System for Continuous Monitoring of
Soil Water Contents[J]. Water Resources Research. 2009, 45
(4): W36D.

Burnett SE, Tersel M W V. Mophology and Irrigation Efficiency
of Gaura Lindheimeri Grown with Capacitance Sensor Cormr
trolled Irrigation[ J]. Hortscience. 2008, 43( 5): 1555 1560.

F H,M V. Intraseasonal Dynamics of Soil Moisture Variabilr
ty within a Small Agricultural Maize Cropped Field[ J]. Jour
nal of Hydrology. 2002, 261: 86- 101.

Penna D, Tromp Van Meerveld H J, Gobbi A, et al. The Inflr
ence of Soil Moisture On Threshold Runoff Generation
Processes in an Alpine Headwater Catchment[ J]. Hydrology
and Earth System Sciences. 2011, 15(3): 689 702.

Martinez Mena M, Albaladejo J, Castillo V M. Factors Influr
encing Surface Runoff Generation in a Mediterranean Semt
Arid Environment: Chicamo W atershed, Se Spain [ J]. Hydro-
logical Processes. 1998, 12: 741 754.

G mer Plaza A, Alvarez Rogel ], Albaladejo J, et al. Spatial Pat
terns and Temporal Stability of Soil M oisture Across a Range
of Scales in a Semr Arid Environmen| J]. Hydrological Proces

ses. 2000, 14: 126+ 1277.

(#5736 W)

i
2%

=

W

it
e

HESETATILL, AR 30RO B (A 0P T 300 f)
UL ORI .

T TR, AR T —ANER AR K2 S, 4
2k v S S AU Condor SEVERT I AFRERIDL A4, T
RV A A RS S S B B

(References) :

Zheng C, Wang P. Parameter structure identification using tabu
search and simulated annealing [ J]. Advances in Water Re
sources, 1996, 19(4) : 215 224.

AR WA AL MR K BB ML G B AR A,
2007. (XUE Yu qun, X1E Churr hong. Numerical Sim ulation for
Groundwater[ M]. Peking: Science Press, 2007. (in Chinese))
Willis R, Yeh W W G. Groundw ater systems planning and m arr
agement| M]. NJ: Prentice Hall Inc. , 1987.

Tolson, B. A., and C. A. Shoemaker. Dynamically dimensioned

search algorithm for computationally efficient watershed model

770 + oK R A

[7]

[8]

91

calibration, Water Resources Research, 2007, 43( 1).

Powell M J D. A direct search optimization method that models
the objective and constraint functions by linar interpolation
[M]. Oaxaca, M exico: Kluwer Academic Publishers, 1994.
Conn A, Scheinberg K, Toint P. Recent progress in uncorr
strained nonlinear optimization without derivatives[ J]. Mathe
matical Programming, 197, 79( 1) : 397-414.

PowellM J D. UOBYQA: unconstrained optimization by quad
ratic approximation[ J]. Mathematical Programming, 2002, 92
(3):555582.

Vanden Berghen F,Bersini H. CONDOR, a new parallel, corr
strained ex tension of Powell s UOBY QA algorithm: Experimental
results and comparison with the DFO algorithm [J]. Journal of
Computational and Applied M athematics, 2005, 181( 1) : 157 175.
AR, VUSRS, MR KSR T AU M . 2 B bt msE
# AR 4, 2009. (ZHENG Churmiao, C Bennett G D. Ap
plied contaminant transport modeling(Second Edition) [ M]. Pe
king: Higher Education Press, 2009. (in Chinese))



