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ABSTRACT

To approximate the Hessian matrix for identifying groundwater flow model parameters, solve
the nonlinear ill-posed problem, and detect the minimum area of the objective function, this study
modified the Levenberg-Marquardt and Broyden-Fletcher-Goldfarb-Shanno algorithms to propose
two symmetric rank-three loading-score quasi-Newton algorithms. To solve the aquifer hydraulic
conductivity, riverbed leakage conductivity, aquitard leakance conductivity, surface recharge, and
boundary recharge, the first uses high-low-rank loading-score of sensitivity decomposition to
calculate the Hessian correction matrix, and the second uses the multi-rank loading-score of
simulated storage error decomposition to approximate Hessian and Jacobian matrices. To accelerate
the directional convergence, approach the global optimal solution, and achieve the well-posed
problem, this study uses the vectorized limited switchable step size to inversely solve and to correct
the searching direction and reduce the difference between different parameters. Besides, this study
uses the sensitivity loading-score decomposed from the objective function of the groundwater
auxiliary monitoring-well network optimization model (i.e. minimize the determinant of the
estimated parameter covariance matrix) to efficiently calculate the optimal newly-added auxiliary-
well position. This study designed two numerical experiments to verify the identification capability
of the proposed loading-score quasi-Newton algorithms. Results show that the average errors of
hydraulic conductivity identified by Levenberg-Marquardt, decomposed sensitivity, and simulated
error quasi-Newton algorithm is 4.26%, 0.02%, and 1.33%, respectively, and those of surface
recharge is 1.71%, 0.66%, and 4.20%. It proved that the sensitivity decomposition quasi-Newton
can be more precisely approximate the Hessian matrix and converge to the true solution by
decontaminating the sensitivity difference in transmissive flow cooperated with the designed
objective function (least square error of simulated storage). Compared with Levenberg-Marquardt
and sensitivity decomposition quasi-Newton, the simulated error decomposition quasi-Newton can
reduce the number of transient simulations and calculation cost by 34.88%. The established
optimization model is applied to calibrate the groundwater flow numerical model of Ming-Chu
Basin. The root means square error (RMSE) shows that the changing trend in groundwater level of
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the first aquifer can be accurately simulated. The correlation coefficients between simulated and
observed groundwater levels in Stations Sin-Ming, N4, and Chu-Shan can reach 0.971, 0.969, and
0.678, respectively. The RMSE of the three stations after adding the auxiliary-wells is reduced by
33.4%, 31.7%, and 30.2%, respectively, compared with those without auxiliary wells, which
significantly improves the head-fitting accuracy. It proved that the auxiliary-well position
determined by the storage-fluctuant multi-rank loading can effectively reduce the limitation and
uncertainty of groundwater level simulation. Moreover, the proposed algorithm can efficiently
detect the flow sensitivity and error source to quantify the spatiotemporal correction vector and
achieve accurate groundwater-head simulation in the peak and fluctuation.

Keywords: Groundwater modeling, Spatiotemporal parameter identification, Quasi-Newton
algorithm, Singular value decomposition, Factor loading and score.
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[HOImN ] A AETTHE S % (S W
TR
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F B A
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RN RN oaN
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%3 G i
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BRI EAEE AR T - Ir () HESE n* B2k
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j_Hf‘ [L12] e (10b)
Lx1

2.4 NAFERES B ERRENELRE
i ZEESESH

AT ZE R FH B SAE 7 M4 BBl RE e SVD (%)
|

RIS &K 2 LAERE SVD (6T, ¢ — G hs, 1)/ —71s

(BT R BBl 4 18 5 RIS St R A B Kk 8
A TS BB B2 PR T it BRI Fm e >
RN BRI 6 AR &K R R AR I B
7K iz 5 A MODFLOW 7K 5 # 1 53 #7 f51 41 HOB
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w[r) ] PR B K SR A T 2 R 57
iR SVD (5™ - 90") » PEE I A T (B 04
ERFATAT{EL Hessian sz Jacobian JE[# - DUK &/ AT
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B— 2 FNE LAY o7 & (A 7 A g s ey & 7K
RE) > ARRE

T » DU HE - IRt

HIfE e & 7K B 72 B (L B HE e

Hep > U (=T, xSy ) HIFI[HE R B FEIE A /e 27 1)
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ED%ap, %ﬁ@iﬂ%ﬁ%ﬁﬁ%ﬂ%ﬁ%ﬂﬁ e
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I R BRI AT R 25 S0 5
P I TR P T 20 I S e e R S T
AL T5% o BT DR GRS AR B A 2
SYRE RN RS E -

s e B T IR R A A B R
e |FEEZIER x AR R
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SRR - BT 8 1 T s | el o =
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Vectorized Anderson-Bjork algorithm:

L& VIGans)
cl VJ(Eabé)

LG VJa:abﬁ)
4V (E.ubé) 2
1S VIGanE)

CL -V ([' uﬁg) dixt

Proposed SVD depth-rank component-based vectorized

double false-position method:
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T a
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1/2
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Bjork & B & 7 ¥ 43 5 & (Dahlquist and Bjorck,
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Min  |Cov(n)|= (")

2OV RPW o

-1
BFB>ré+e“«wé)15+mkoa%)“vEJ '
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2T 2% 1 FH 22 9 R BUR B LB K & (ST )X L

S50 (17a) 5 B T EREET 2L Y
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Ax10* 1A R - BERIE ISR Voronoi [EfERGET = (E2
By - =(EEIEH: > W R A (RCH) A% R
FEHN /KR E R o 30 RV 2 (time steps)s%
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