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Fig. 3 Development of population and GDP in Liulin Spring Basin
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Fig. 4 Fitted curve of GM{(1,1) residual of the Liulin Spring flow
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Fig.5 The contribution of human activities on Liulin Spring discharge decline by GM(1,1) decomposition model
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Tab.1 Stationarity test to the Liulin Spring flow during the first period {1957 —1973)

3] wENK Rho Pr < Rho Tau Pr < Tau F Pr>F
EEERMEELT] (] —0.097 1 0. 643 —0.19 0.599 3
1 —0.0618  0.6497 —0.28 0.567 3
2 0. 006 5 0. 665 4 0.07 0. 689
RAEBEMR 0 —18.9929  0.0011 —~4,62 0.002 6 10, 69 0. 001
1 —12.9659  0,0212 —2.04 0.269 8 2.1 0.565 2
2 —3.3867  0.567 2 -1.17 0.653 5 0.7 0.889 4
ARERRBHR 0 —18.758 0.0115 —4.4 0.0159 10,17 0. 006 4
1 —10.8494 0.2315 -1.75 0.677 7 2.37 0.718 5
2 ~1.0516  0.976 8 —0.76 0.944 7 12.41 0. 001
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Fig. 6 The contribution of human activities on Liulin Spring discharge decline by ARIMA model
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Tab.4 The occupancy of groundwater exploitation in the

spring discharge depletion by human activities
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T ERFE.

(5) GMQ1, 1) A fE MR 1 ARIMA £ 2 %5 bk
RMELIZERE R, ARE S RAKRBERK TR
BEARTLTER A 8~9 £%, X W ATE % 1l iR B
AEEHRERREL TV ABRRAAEEBRNERER
H, AEEAENRERBLE FIEZL, HSEE
E R PG R FHEBRMNNTE. N2REXEX
HOALXEHEERSBETANETEFEZ—,BR
MR RENE , XBMAXFEIRELRKARE
BHFERA, ,

MM RIENREILFRBHERR RERT
REI T AHE#B T KOF EF HTE,20 HE 50 4§
KRB 60 FERK . RENXTABHT KEEXLETHR
W&, FHERFOKTER, M 20 i 70 FRLL
B, FFFREZEMKE M FKKLMLTRE, RKAE
Wb, HE— % RO KK (B TFRERT 1994 £ 8
). Hit, MEEELFEBALTKEENERS
RiPBEERE.
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Comparative study on karst ground water simulation between
GM(1,1) decomposition model and ARIMA model;
A case study on discharge simulation of the Liulin Spring

LI Hua-min', WU Jing?, ZHAO Jiao-juan’, HAO Yong-hong’, WANG Ya-jie*, CAQ Bi-bo
(1. College of Urban and Environmental Sciences, Tianjin Normal University, Tianjin 300387, China;
2. Department of Statistics, Tianjin University of Finance and Economics, Tianjin 300222, China;
3. Tianjin Key Lab of Water Environment and Water Resources, Tianjin Normal University , Tianjin 300387, China)

Abstract; The discharge of the Liulin spring is simulated with GM(1,1) decomposition model and ARIMA
model respectively. According to the hydrological characteristics, the Liulin spring flow series could be di-
vided into two periods. First, from 1957 to 1973 the spring flow was under natural state; second, from 1974
to 2009 the spring flow was impacted by both climate change and human activities, Using the data of first pe-
riod, the spring flow under the natural state is fitted with GM(1,1) decomposition model and ARIMA mod-
el, and then the models are extrapolated to obtain the second periods’ spring flow under the natural state,
According the water balance principle, the spring flow decrement contributed by human activities is acquired
by subtracting the observed discharge from simulated spring flow of the second period under the natural
state. Thus, it is differentiated the effects of human activities from climate change. The simulated Liulin
Springs’ attenuation from 1970s to early 21st century is 2. 26 m’/s by GM (1,1) decomposition model and
2.36 m®/s by ARIMA model with the relative error being 0. 44% and 2. 20% respectively, showing both GM
(1,1) decomposition model and ARIMA model are suitable for spring flow simulation. Comparing the effects
of human activities and climate change to the depletion of the Liulin Spring’s discharge, the authors find that
the contribution of human activities is 8 to 9 times higher than that of the climate change, The empirical
studies have shown that the GM (1,1) model is of high precision in simulating the exponential series. It can
also improve accuracy by periodic amendment, when simulate the spring flow with periodic fluctuations,
ARIMA model could reflect time-lag between precipitation and spring discharge and accurately simulate their
quantitative relation.

Key words: GM (1,1) decomposition model; ARIMA model; piecewise analysis; karst spring discharge



