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Fig. 1 Recharge and excretion of groundwater and its dynamic transformation from 2004 to 2014
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Table 1 Eigenvalues and its contribution rate —— BPHIZ R T

/KA / mm

%' FEAEAH TR it TR % 3050
1 2.7220 54.4392 54.4392 30.00 -
2 1.4780 29.560 9 84.000 1 2950
3 0.589 7 10.994 2 94.994 4 29.00 TEN . Y Y S
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
4 0.240 4 4.307 3 99.301 7 N
> 0.0101 0.0%83 1000000 P2 RO 5 S (A LA

Fig. 2 Fitting figure between simulated
values and observed values
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Table 2 Comparison of simulation precision by different models

BN ing sl i B (ALY BP 41 2 9 2% #5

A S/ m — - - — -
BEE/ m AT R 22/ % BAUAE/m AR 22/ % BEAUE/ m AAXHR 22/ %

2005 31. 41 31.49 0.26 31.51 0.32 31.54 0. 41
2006 30. 34 30.35 0.03 30. 42 0.26 30.29 -0.16
2007 29. 49 29.61 0. 41 30. 11 2.10 29.42 -0.24
2008 29.91 29.70 -0.70 29. 16 -2.51 29.33 -1.94
2009 29.33 29. 63 1.02 30. 05 2.45 29. 63 1.02
2010 30. 20 30.26 0.19 30.28 0.26 30. 14 -0.20
2011 30. 87 30. 66 -0. 68 30.29 -1.88 30. 99 0.39
2012 30. 81 30. 84 0.09 30. 58 -0.75 30.91 0.32
2013 30. 50 30. 56 0.20 30. 49 -0.03 30. 44 -0.20
2014 29.51 29.47 -0. 14 29. 86 1.19 29.59 0.27

3 BEARIN

MR T AE SR BRI, Bk B BB AR PRty AR5 /K Bt ol B i Fe b 2ok, Trma T 5
DX FTE IR /KA 5O FH 2R 80K R 2015 419 0.55, #i 5 21 2030 4F1% 0. 695 H Hij BE VA E X 1E i i J 5 7K
o, BRI AR AR AR A2 667 hm®, (5 REMR IR 38. 5% [RIA, ¥ XA T3 R RN X P
PRFR R K I FREEER , 7E AR HE X T5 BB D K TR, ik, 28R H A, 3K
FOFERE . R R BT BRI X R SR 1 &, AR 2011 4R AR UEAE , PUE 3 Pl 5, iz bR 0 %o 38 X
2025 4FFH1 2030 AR A ML T KA HEAT O, FOmAE R L3k 3,
*3 TEES THH TAGLHL

Table 3 Prediction of groundwater level under different cases

. HiUT 7K % Hi e K T R H TR FENHT

i = =N ;“ A N

WE FokR/mm  RER/mm FARL FARL FARL Kh/m
FLUEAE 667. 1 1009. 0 326.0 0 157.9 30. 87
b 600. 4 1109.9 293. 4 27 39 173.7 30. 97(2025 4F)
R (-10%) (+10%) (-10%) : (+10%) 30. 99( 2030 4F)
- 567.0 1 160. 4 228.2 %220 165. 8 31. 18(2025 4F)
R (-15%) (+15%) (-30%) : (+15%) 31.25(2030 4F)
Fog 3 553.7 1210.8 167.0 137.0 189.5 31.23(2025 4F)
R (-20%) (+20%) (-50%) : (+20%) 31.29(2030 4F)

s VEX AR TS KB E KRG IRHEIX 2025 451 2030 45 [ I KA SORH R 050020 0. 65 F10. 695 455 P R Hli 2] 2030 4F 11
HIE L
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HRPEFIEE R, SRR 10%, 78 % AT K EE N 10%, A 27.39 J7m’ #hF K B i T
IKHFAONFEBERT, HuF 7K RGEKG 1 RANTERIR S 8 R IE AR, b R oK A& 45 T, 2025 411 2030
AR5 E T 30. 97 m F130.99 m, BIEAELE FTF0. 10 m 0. 12 m; 24K EAD 15%, 75K B AT K
N 15% , JHA 82.20 Jim® MK B e T K H AL HERERT , H FoK R4 FIEBERRA, H R KA -
THIEEERAR, 2025 4EF1 2030 4F20 50 FFHE 31,18 m A1 31,25 m, BCFEUEAE ETF0.31 m A10.38 m; 4HEIX
MR, RIFK D 20%, 78 & & AR T FK S0 20% , #JHA 137.0 JTm’ iR K & e dh T
IKFHFAO HEBERT T K RGERAL T IESMRIRA, R /KA ETHIRBEfcok, 2025 4EF1 2030 454351 ETF 2=
31.23 m F131.29 m, #HHEMEE FTF0.36 m F10.42 m,

FH T L, S DX N K s/, 28 R A 6 FH K S g st Bl A K S 3 n, bR KA 1
AE LTE, 2011—2025 4%, 3 Bl 5 1 1T K A7 4F 3 1 FH 3 % 43 51 0. 007 m/a, 0.022 m/a 1 0. 026 m/a;
2025—2030 4EM| 43514 0. 004 m/a, 0.014 m/a F10.012 m/a, S FFEEHE, 337U FEE A K & 1A g
i, X 7K R G SR AR A R R R E AR TR IE MR AW S TR s A, S
T KRG B AR, I, Rk —Berf APy, 78 XK 3R B H i 5t , HZ G MR K %
U5, 38 b A FROK T A ERE , B s T K TR AR R, E D ORI 2P [ T, 6 X
KGR A BRI FHRNE DX %) T R e J B F B A R

T

(1) EEXEXH TR RGESNEFHER 38T, 56 B P, BT 3 X R KA A EH 2
M) RS, 3 AT BT BTk R IE 94. 99%

(2) T FERLST-BF RV SLEAE RER S, AEXT IR 2E R -0.70% ~ 1. 02% , BLAUME 5 SEIE Y T
FE Z B0 R Al Nash-Suticliffe 280 E,_ 41355 0. 90 LU L, #ORT ) FH 12 R0 X6 HE DX b 7K A7 9547 7000

(3) FIHRERISAS [F G 5 A HE X N AR AL R AT 00, 25 5 R, 4 X B /K e e 3 AR 8 2> 10% ~
20% , 7&K FIETE K B REAR G N 10% ~20% , A 27.39 11 ~137.0 Im* 2K TAO HERE, &
PR oo A F IR S R SR, T DX A R KR EREAE 30. 99~31.29 m,
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Groundwater level forecast based on principal component
analysis and multivariate time series model *

ZHANG Zhanyu', LIANG Zhenhua'?, FENG Baoping"”, HUANG Jiwen’, WU Dong'"*
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Key Laboratory of

Efficient Irrigation-drainage and Agricultural Soil-water Environment in Southern China, Ministry of Education, Hohai University,
Nanjing 210098, China; 3. Water Conservancy Research Institute of Shandong Province, Ji'nan 250013, China)

Abstract: Predication of groundwater level is an important basis for the management of regional water resources. Based
on the high randomness and hysteresis characteristics of groundwater in time series, a groundwater level prediction model
that is based on principal component analysis and multivariable time series CAR model is built and used for the predica-
tion of groundwater level at Dougou irrigation area of Ji'nan. According to the results, the determination coefficient R’
and the Nash-Suttcliffe coefficient E,_ of the simulated value and the measured value all reached 0. 90 and the above. By
taking 2011 as the base year, when precipitation reduces 10%—20% , evaporation and domestic water consumption in-
creases 10%—20% and 273 900—1 370 000 m’ surface water is diverted for agricultural irrigation, the groundwater lev-
el at the irrigation area will be maintained at 30. 99—31.29 m in 2030, increasing 0. 12—0. 42 m than that of the base
year. Under the background of regional water resources shortage, proper diverting surface water for irrigation and reduc-
ing groundwater exploitation can gradually increase the groundwater level at irrigation area and have great significance for

the sustainable development of irrigation area and the reasonable utilization of regional water resources.

Key words: groundwater; principal component analysis; multivariate time series; forecast

# The study is financially supported by the National Natural Science Foundation of China ( No.51179050).



