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Abstract: In this study we investigated the spatial-temporal dynamics and trends of vegetation and its association with
changes in various hydrological factors in the North China Plain between 2002 and 2016, by combining the MODIS
enhanced vegetation index ( EVI) with precipitation, GRACE gravity satellite terrestrial water storage ( TWS),
groundwater, and soil moisture. Our results showed that: (1) from 2002 to 2016, the vegetation of the North China Plain
exhibited an increasing trend, whereas there was a decreasing trend in the hydrological factors ( TWS, soil moisture,
groundwater) ; (2) being mainly covered by crops, the vegetation in the Huanghuai plain area increased during the study
period. However, precipitation, TWS, groundwater, and soil moisture all decreased. Over-exploitation of groundwater to
irrigate crops is an important measure to ensure food security in the short term; (3) the contrasting trends in the decreasing

vegetation coverage, TWS, soil moisture, and groundwater with increasing precipitation over the urban and rural residential
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areas in the Yanshan-taihang mountains piedmont plain and Ji-lu-yu low lying plain may be a result of influences from
intense human activities; (4) the natural forest and grassland ecosystems located in the Shandong hilly agroforestry region
were positively correlated with precipitation during the study period, both showing decreasing trends. Results from this
research will generate a better understanding of vegetation dynamics in different ecological environments and its response
mechanisms to changes of different hydrological factors. This will guide the design of rational water-use strategies for a

changing climate and increasing anthropological activities.

Key Words: vegetation; enhanced vegetation index; precipitation ; terrestrial water storage; groundwater; soil moisture

Pt 29 TR A A M N 4 3R A 22 A R TR s e, 2 Bl b 6 26 28 R G A 2 IR, o R B R
IR ALty AR S PRI AR e A R 0 % B B o R 3R T A R R A Ak SO Bl AR il
bt 22T HGE @ E— 2 R ST K R A AN B R G R E N bR A AR TR AR
b NGB 2R R R ILRIE AR, R B A8 Ak S 5 S5 K SO Rl - 22 [ 5 32 AT A i
Xof A 7K R 58 A A 3 4 T ) SRR | o 2 A AT AR My LR B AR R GRS TE 3l SR B Y T2

REK 3K SR AR K TSGR T B AT BRIN b T 7K 37K oRb 25 1Y B R
T H T K20 A A8 R G A —E B, Koirala 55 Il I — Z2 91 & 73 WE R B0 0 4 Rk RUBE bt T /K R
PR OC R T 5, S5 R R W 23K 2/3 MR8 IX A9 2T A 7 J7 (GPP ) 2/ FE— 2715 N 5 3 R /K Aif
(WTD) 56 MBI X 1y GPP Al WTD FE R GFARGE, TR IX EERIEAKL,

AU P SRR T B B0A (L5 SO e E T AR AR A R SR K R A U b X A
ST R R R ERRRGI R 2R, Ak, A T AR 0y & R, FHK 5t 2R 38 0 5[] B B2 7K o B9 dl ik
A TER T AR K GEIR B 2 MR A 5 3 A SR M R K (8 Bl R KA RRSE TR B T R TR B T K e <
X R, 3B VIR 25 Hr AU SR 2R ORI KoK SCEE R I 28 B AR RHAE

XFT R BB IX S8, 18 %7 V2 M HAR B A A AT B, MR BSOR A v 7 o B AR 4 2k
FER R E A S E B IR R A, MR R, 0 — 1k A 8% 48 %0 ( Normalized Difference Vegetation Index,
NDVI) J& H Fiie R 12 B R BEFE 20 (EJ2 T NDVI Bk AR B IR A4t 6 78 26 13 45 80 1) KSR il o
FAAEY DA, NDVI ARG LA™ 8, H A8 S0 T A e — e PR 83 NDVI B2 ) — 2500k
HA5E U AE 945 50 ( Enhanced Vegetation Index, EVI) #4ffi#H T NDVI BZLYEM AT RS 38 = 1 TP
M), BRI A e o 7 B T X AR

F 1 a2 — SR TN R R B B A TP AR [F] DR AR OGRS, A8 T 38 AR IR B AR DG A Y 8
Wit 2 | Z B S e AU BTG S A G R SR Z A BRI fL B il 3h %
AR XS AT 2B R L 57K SCEE R AR AR OC 20 T XA A SR — 8 B L Ao db P
MODIS EVI AHBFEEL  OCH/K SCEE R B IS S0 A R E AR AL 3 | i s AR DA [A) AR 28 R 48 70 DA B AR ROR DL
K SCERM KR

1 WFRXEHR

AP R E =RV IRZ —, FEARN XS — A T i B AR AU, % 112.4°—122.7°E, 32.5°—
40.6°N, JbEHE L L7 , s R BN AL M, PEAR RAT IR 4 Ly, 2R 20 ishife A it F 9% XS8R T AR 24 39.2 JF
km?, BRIIZR 2 5 BB A1, 43 b X RSP T = A 2R 2 kit

R 5 X @ TR KRl 2 KU, AR AR 8—15 °C L AFE IR /K 500—900 mm, [ /K4 W 434 7 6—9 H
By, AR 2R m iR 2 T, A ZE TR T, ARAU T RUE DL RAE N R R0 X R AEY DL — 8k 3,
FEMREEY R/ NE B K, FRATAEYEMAE LA IR ALK E RN 456 m’/4F AN
EAEER 176, HLFRAKEFZS 53T M T K B REAL TR B fhes AR AT Hp 22 K i () 8 %8 SR

http ; //www.ecologica.cn



51 HHETE  45:2002—2016 AFAEILP U Bl A SR B0 B2 K SCEEZR I 23 Rk 3 3

x1 EBTERENSHHERERSERERKR

Table 1 Vegetation growth in different regions of China by remote sensing vegetation index
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Fig.1 Spatial distribution of multi-year averaged enhanced vegetation index ( EVI) from 2002 to 2016 over North China Plain
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Fig.2 Annual internal distribution of EVI, precipitation, water storage, soil moisture, groundwater of North China Plain
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Fig.3 Spatial distributions of annual trend and their significance test for the EVI annual maximum and EVI annual minimum of North
China Plain
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Fig.4 MK trend spatial distribution of precipitation, water storage, soil moisture and groundwater over North China Plain during

2002—2016
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Table 2 Annual change rates of precipitation, water storage, groundwater, soil moisture, EVI annual maximum and EVI annual minimum

over North China Plain and its different ecologic zones from 2002 to 2016
el - AT L0

HEBRAL
o L 5 - ; LR Fr B R ARIX o
Atk AT L HP I X R TR X
. . . Yanshan-taihang X Shandong hilly . .
Variables North China plain . Ji-lu-yu low ; Huang-huai plain
mountains . . agroforestry region
) X lying plain
piedmont plain

[#7K Precipitation/ (mm/a) -2.61 8.73 7.23 -10.67 -9.80
JKAifH: Water storage/ (mm/a) -1.19 -1.41 -1.29 -1.23 -1.07
R 7K Groundwater/ (mm/a) -0.75 -0.96 -1.01 -0.85 -0.53
+ 387K Soil moisture/ (mm/a) -0.53 -0.15 -0.43 -0.38 -0.93
EVI 455 KfH EVI annual maximum/ (/10a) 0.001 -0.008 -0.007 -0.001 0.013
EVI 445/MA EVI annual minimum/ (/10a) 0.017 0.012 0.018 0.010 0.024

6 FAEILF I A HURI 4 A ], B FEBEHL  Fh bRih KR 3k S T S M R A M 6 A —
PR Fh R I R LY 7 SRR 72.4% 3% S TR R R LIRS 15.6% , S AR KR R A
B 43 TR0 4.3% ,3.5% ,3.6% 811 0.6% , #FHLLLFE R 3 A S HEHL S AR Y 94.4% , BEHETJRIX
TR ST UARAEY) o 3, A K Z Al K e A BV B B (B 1) 5 ARtV JE ) AR i R b 55 ) SR AEL A o /3
a7 TR AR B AR AKX i X3 EVE F8EUIR T 2R DX (& 1) 5 8Ll — R AT LU 1L AT B IX b Fn s
BB TR XA S | T R R A0 X, % X SR g e B AR (& 1), 84K F A6 R L
LAY R AR B oA S M T A AR, N SSTE Bl (AN E T TR A ) S A A KR

——EVIfHR K
----EVHAL 2
0.58 y=0.00185x+0.5196 R*=0.2063
0.56
Z 054 T
- [ e
DY S e
052+ -~ LS.
1 #f
- R
0.50 T T R N TR NN SRR R N T R SR S | el WZ. I
eEz8g838ss83==2232 J R Jil
S O O O O O O O O O O o o o O
[ I o\ NN o I o o\ NS RN BN o o BN o B o RENY o\ NN o BN o\ BENNQN |
443 Year 200 km
E5 2001—2013 £ FREWERY EVI FRXEERSHE B6 #HAFRERIMBE LFAIHE
Fig.5 Interannual distribution of EVI annual maximum over Fig.6 Land cover/land use distribution of North China Plain

North China Plain from 2001 to 2013

4.2 AUV R B AR S K SCE A M B

EVI AR RAE A /IME S FK K il 38K b 7K 87K SCEER Z2 AR I 7 8508 =2 18] 9 AH DG R B0 2%
3, 2002—2016 4 [H] , AtV EVI AF S RME 5 R K & K RIEK AR T /K B AHDC R B4 E A, T EVI
AFF5e/IME 5 45 7K S HE AR DG R B S, HLJG B 4 XHIE R TR0 & M4 XHE (38 3) o DA &M 1 BE 44T
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Wk KA EHK bR KRS %t BV AR LA (R T T R G R ARE | T BV 4E B/ ME 018 5
THFETE ZK I . WA CREEUE [& Kbl RHOK H /K-S EVI AR (B K EVI 4F 5 /ME AR
SR F B TR BB AL ST SRR A S K it | K A K A DG T AT UK g R K K
B B A5 S e X S 0t ) B 5 AR A

®3 EVIERXEMER/MISMHEK KEFE, LK M TRKERNFEBNEXRE
Table 3  Correlation coefficient between EVI annual maximum, EVI annual minimum and precipitation, water storage, soil moisture

and groundwater

A (8 PN +HeK K
Variables Precipitation Water storage Soil moisture Groundwater
EVI #% &X{H EVI annual maximum 0.03 0.38 0.41 0.41
EVI #iz/IME EVI annual minimum -0.19 -0.62 -0.46 -0.56

FETAR B PR A 2 ARSI A RIS AR AR IS, 7 S EVIARSRKAA EVI AR /M K
KAt - HEK MR 7K 2002—2016 4[] AR BESAE R e o0 A1, A3 4 K Z24F st 1 43 A SRR A AR A0S T S A
3 R VUABYBE (3R 4) ,2002 4F FEKBESF-E R 21 20 ISR IR/IME., 2 SCRATAF ;2003—2008 48, 245 -2
IKEEPE R 66.4 mm , 2 F4F;2009—2014 4F , ZAEF- 34K IR (E -48.7 mm, FH4E;2015—2016 4F 71
K BESPAE R 54.7 mm, HEAE, 4 BB A KRB RIK SCEEZ A /3 A 1 DL - 32 2002 4 /K Al /5
Wi AAE EVI AR e KB  EVI AFd5/ME K i i 38K fTHE T 7K 4 22 R AR T 24 F- 18 ; 2003—2008 4F-F 7K
AR EVIAER AN Kbt 3K R /K255 K8 2002 4RI ¥ £ | H A A PR S i sl S A F5 8
EVI 4 o/ ME B Z AT SRS ISR 5 2009—2014 4EAL K AR EVI AR S R (BN EVI AR/ ME = T 2457 1
{8, EVI 4F e RAABAH B FIK AR B B, [7] B DX 3K i ot | - S8/ R T 7K 35 22 45 724 1 I 5 2015—2016
AEFIKAE JEVI AE R/ MEZ T 24 F8ME , 1 EVLAESKMH KA i | BRI F /KSR T 24581, B
YIS T b — B B AR R K SCE BRAS

F 5% 2 B K S M AR LT S A K FoRn A A K F R BCIR B0, TIAR B 28 ROIR DA 32 A 836 sl (s R /K
W IRT D 5KAE) 2, AR S BOKORRE S 2 A 3k 32 B P R A b 4 R K AN B e AT B 2k K T
R, i AR A K TR, TR AR K A R KR R K, H R, b SR Al K LA OB 7K T
F o FEADEA /N R R I FR AR, 76 A DR B 22 4 [a) LAY AT I, iy ok 17 b R A SR S5, < AR5 AE
P AR AE L T K" X — B 5 A SO SR EVI AR S/ ME 5K it R 3EK MR K 2 A O R A — 3K

#4 FRSERS TEETALEREL

Table 4 Changes in vegetation and hydrological factors under different climate conditions

7AF B Variables 2002 2003—2008 2009—2014 2015—2016
[%7K Precipitation/mm -215.6 66.4 -48.7 54.7
EVI 48 KA EVI annual maximum -0.027 0.004 0.002 -0.006
EVI 4E4/ME EVI annual minimum -0.006 -0.005 0.001 0.014
JKfi# i Water storage/mm -4.7 0.5 =-5.1 -13.3

F 3K Soil moisture/mm -13.1 4.8 -0.5 -6.3
HF7K Groundwater/mm -3.2 -0.8 -4.9 -123

5 #Hig

ASCR LM EH Mann-Kendall #3865 FHC 25055 7715, FIH 2002—2016 4 MODIS EVI A5 # 15 %%
KRR JKAG & MR KRN 3K S | A B A JE AR B A R 0 K S R s a3 AR AR AR A, 56 A B A
Ko 5K SCAR b Z [ AR O 2R A5 8 L TR 4518
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Fig.7 Annual anomalies of annual maximum EVI, annual minimum EVI, precipitation, water storage, soil moisture and groundwater

(1)2002—2016 4[], AP 1 EVI AR e KM 2 55538 i 34 33 0.001/10a; EVI 4F fe/ME 5 W]
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FJLUAN ] i 3 L ol A i
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AT FOK SCE R+ B2 R R B XIMN A A A S AT kR, R RAEAEIE T A B
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NG SR N B 2 AR BRK B IR H D | X DX P AR S FR AR AR LA A e 4 R R AR K
MEPERZ I, PRI AR SRS RS TR Sl s (9 K 52 T, RS R X /K SR Ak g o LB, AN [ AR A5 38
B R AR AR, T LA Ry il A B T K TSR ol B (AL BV A, T I53% 52 ol s 2 4 (R AR PR 28, % IX s
DB AR, F—2 TR @ 5t DX S0 3l X A b1 JRL K 9% U5 19 18 #E A e A R i)
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