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Abstract Vegetation coverage is extremely sensitive to climate change. North China is located in the
semi-arid and semi-humid transitional region of China. Meteorological factors have an important impact on
vegetation coverage in this area, but there is a lack of effective mathematical models to quantitatively
describe the influences of meteorological elements on vegetation. Therefore, based on the vegetation
coverage data of the Moderate-resolution Imaging Spectroradiometer (MODIS) and main meteorological
element data in North China during 2000 to 2018, we studied the influence of multiple meteorological
elements on vegetation coverage, and initially established the relationship between summer vegetation
coverage and meteorological elements in North China. Main study conclusions are summarized as: (1)
There is a trend towards warm and dry climate conditions in North China, and summer vegetation coverage
is positively correlated with precipitation and relative humidity, and negatively correlated with temperature,
sunshine hours and ground temperature; (2) The most important meteorological element affecting the
vegetation coverage in North China is relative humidity, which reflects the combined effect of temperature
and precipitation; (3) Base on the multiple regression method and least square method, it can quantitatively
describe the possible impact of changes in meteorological elements on vegetation coverage. Therefore, the
five-variable meteorological element can better simulate the change of vegetation coverage. The research
results are conducive to understanding how meteorological elements affect the vegetation ecosystem, and
then provide a theoretical reference for the construction of national ecological civilization.

Keywords North China, Vegetation Coverage, Meteorological elements, influence, Evaluation model
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Ffi st A2 S RGN NI EAERUR SR A T O, RBVE ARG A S KRB E A, AA
B AP K EARFFIIMEA (Qu et al,, 2015) o ARFTJE AR E AT = KA BE /2. A EH R4
TR 53 F1 CO2, 1 AT WG FIBG HE AL ) S5 A R R SR L R 7 s WRIRAE F JE A A A B
PRBEAT A 3 AR REICRE B /KR CO B AR s 28 B YR A AE AR B IS K 43, Herd 1% 09 7K 43 F
TR EE M AE R R, 99%i@ i M S FLBUR B AP I R . K PR S Hh AT I o
AR TR ALRE &, IR TE & BV A T o m AR e P 1, AELIE R I R A TS, DR IRLE

iok 5 e BRI PSR RS R A T e (J] g, 2004; 36545, 2015, Liu et al,, 2019) , it SELIIAT AS
AR AERRREE L G E A R R XA ¢ GEESE, 2007, mERIESE, 2012), i REK R AE K
F17K 53 K35 (Nemani et al., 2003; 35545, 2013; Kong et al., 2017; Chen et al., 2018; Zhao et al., 2018;
Lietal, 2020) . ik, M. BE/K. AGHEE . KFHFEGT . COL M LA KU S5 S R B FR 2 R AH
WA ALK =5 2 K (Tian et al., 2015) .

— eI TR o T BRI AT TR . KRR PRAR S0 A BRAE R M, SR T AR
45 55 1 X AR 11 2 KM T35 (Nlemani et all., 2003; Xiao and Moody, 2005; Piao et al., 2014) , 7K % I
[ = b [X BT 7K 5 [F 7 (Kawabata et al., 2001; Nemani et al., 2003; Fensholt et al., 2012) , .5
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{ER IR DX H BT A0 . Li 55 (2020) BHF 78 T i A1 FE 7K 1R AR RS 52 AR 6] KB I 56 TR 1) 75 9
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AR GRIZE FEK . ABHHR S5 X< F I RE 00t 2 AN 0] 2285 1) (Shi et al., 2013) o AEAbHL X 4%
[ IR 5 A K1 2 & T2 T - i P X (E R A DA, 2012) , Hrb ALy R X,
TREE IR X, (ER A2 0 FE R WA AR db X IE (A1 BR T b 3548 (BERMESE, 1999; T KM%, 2006; F
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AIRKZESR, A 0 BRGNS 78 A A b X000 5B 2200 FURE b R 5 451, 4 S8 08 4% (2018)
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SRR 22 LR AT FE 1 i P R 7ROt A bt XA PR T, YA 285 P8 K BH 8 S 6 AR A RO R I,
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equation A X (Prescott, 1940) A H FEES oAl &, 0T A H IOk R K FRER I (B 2, 2011) «
b, ATCCRAAE . FEK HDERRE . H IR SR MR S5 A 0 i 25 R B R AR b X A 4 281k
RIS .
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KA EEIRbR, &HHTAE. A KCER A (B £ 4, 2017, =¥ 7%, 2017; Gong et al.,
2017) o ARSI HER A G 11 (Moderate-resolution Imaging Spectroradiometer, {&FX MODIS) f&
# #5824 (https:/lpdaac. usgs.gov/products/mod13a3v006/) ] 1 A B H & B & F 1 NDVI £d5, R A
2 (BLHESE, 2019)
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NDVI, - NDVI,

PR E], Jir, NDVI, 2275 20002018 4T W 87010 NDVI . NDVI, %7552 2R g

AR TCHI NDVI{E . NP ArcGIS B4 B Ak 1 DX R o 78 o6 a6 FHREAOEE, it s T
2000-2018 AL M X 2 2= 4 78 o S 2 () AR AN IS (8] PR B4R . B R BIA S T 2 R 2 2= (6-8 H)
IR R S ARERNTT, SO EUE S PERIESEEE 10 2. QRRERIUE. RA
B XA AE B Lt E 2400 2561038 H i (Temperature, & F8 TEM) « [%7K (Precipitation, ]
FK PRE) « MIXF i (Relative Humidity, fij#% RHU) . H & % (Sunshine Duration, f&j#% SSD) Al Ocm
H iR (Ground Surface Temperature, fiif% GST) £i# . FERHCEE N 2000-2018 4o B HAEALHh X 3k A5,
THE RGP 28 I R SR B IS (5 249 2 10 2 BLAr PR (K A B0, IF 70 ) 15
I 18] J3° 51 R 2 (8] 43 A7 1) B2 22 P34
A SO F B 7R AR K 2R TR R AR A o B R AT AH K % 23 T (Potter and Brooks, 1998;
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THEAT—MNH BRI AEI— NN AR ERSHEEESEN SR, N T EEHRRIRER
AR MR 7 5 P M, 40 N 22 e £k M 1919 (Multiple linear regression, f&i#% MLR) (38 X 3%, 2007)
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FH 5K R ORI 77 M2 2 (Root Mean Square Error, fAiFX RMSE) SR A i A5 448 4 72 25 4 4 BE 1
SR R IR NR A F K. JAT M T3 etEash 50t (Jiang et al., 2017) . A8 7 R4
(coefficient of variation, f&j#% CV) (Zhao et al., 2018) Fl Z ¥ (FL X JE, 2007; Duo et al., 2016)%5 55 i+
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Fig. 1 Spatial distribution of average vegetation coverage for each month in North China during 2000 to 2018
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H, 2000-2018 AL E 2= P35 SR AE 24°C-26.5CYE I N2, HAETALL 0.32°C 1) B3 o (B
2bl): B Z RMPEKLE 242mm-427mm 5 B N5, HEPLEE4E 0.96mm 1 > (K] 2¢1) ; B2
FXHEEAE 67%-75% K50 P sh, B PAE1-4F 1.47% R R B (B 2d1) ; B 273 B R 5ore
5.6h-7.1h FSE FE A SN, B BARET4F 0.11h B RN (K] 2e1) s EZEHBIRAE 27°C-30.5Cu [H P 3
&, HUAET4E 0.6°C IR (K 2F1) « <. HEBESEOR Ocm il 2 _EFHES . FROKFIANE
ER TR, KRR EMBKERCD, BRI RBE TR B, X5 HEE (1999) |
FAKHE (2006) A1 1 (2019) BB L85 R —5L.

LA 76 P 22 FARR 3R O R 2R (sl RV AT A R A7 26 P 2 A B R R B AR A 0 4
ARG BRI . DA TG Lk 3550 5 T BhE B I s R bl 8 o P8 1) R AN AR U0k
DRI RIS, AR 50 T 5 B RS G K 2R (¥ 528 (Chen et al,, 2018) , A SC 32 TR 58 R R B R KHHE
W a5 FEIREI o N T E— @ FEFEERR N N R 20X Bl mi], A SO 7 b R o FE A T R Bk
A, RGERELWH L BRI EB AR, (HR AR LEBOR . % R S E T4
PRASALII M, HL AR RF S A B A T A — Bk, ot S R R 2 M 3 4L B (Chen et all,
2018; Li et al., 2020) . 2000-2018 F 2 i 2 M & %5 J5 (R AE 4 78 75 FE (Vegetation Coverage Residual, ]
FRVCR) « Sl FE7K AEXHEEE . H RER B b 1) P~ (K] 2a2-12) , HEBE 78 55 B 1 1E B ~F KM
£ 2004 Fi1 2007 4E, SE GRS /AMEAE N 20000 2001 T 2014 4E. HirR, 2004 4R 2007 4R K
AUAER IR 2 IERE P, AR H B EORHIR 2 7857, MEFROKE L, REMIC, &
Ko, R TR 55 = o 2001 R 2014 4F D) %of 87 & /K R GH FE R B 67, B K D20 3 A b
5, 39 ORE M 7 i PR . TSR B R 15 5 R R E R D B FRE &S . 2000-2018 FFE
ZEHE Y 78 75 AR RSP (Cumulative anomaly) 12k (B 2a3) H1, 2000-2006 4F 8 4% 78 55 /N T-~F 3445,
2007-2018 FAE ML 7 o5 K T 2448, FIFRHAE 2000-2002 4ERE 457 6 2 R B3, 2002-2013 FAHW
W TR, AR 8 A LE RIS RE, B AR 20008 WU, SR EE R BB Tl
2 (B 2b3-B3) iz, £ 2002 AR BRI A T AT, RYIHEHIE o6 L 5 R E RSN A R 1%
iR F . Hu FE2018)HH 7T 45 H Ak [X Y FE /K LE 1990s AR HAF 2000s 1K A 1 83 HAFEARBR 1A
B X G A LA BT AR B B RA T 56 A EE LR 1 B /K AR TE 2000 WIHIAEIESR s A5 2 — BT .
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Fig. 2 The annual variation curve of summer vegetation coverage and meteorological elements in North China during 2000 to
2018, a-f corresponds to the time series characteristics of VC, TEM, PRE, RHU, SSD, and GST, respectively: (al)-(fl) are
the original changes curve, (a2)-(f2) is the change curve after de-linear trend, (a3)-(f3) is the cumulative anomaly curve.

Among them, p<0.01 means pass 99% test, p>0.05 indicates failure of 95% test
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o F) X 3 A2 B AR AL X Y PG AR (1 3c) , B X (1R B i P AE P AL A B AR B 1R 5
5 1 %5 (2020) [ R R E AL 5 AR SR SE T — 3. (EREE DI B R . A AR R R
oA (B 3d) , REAAEAL X R 3R AR B AR B R A e AR 8, T E ALk shmg e s K. Akt
W 5 FE LE BRI X S S RACEOR, R 5 FE BRI R i K, v %6 . WA REER
A2 R o A R, I (B 4a) Bk (8] 4b) « AR EE (B 4¢) FiHbiE (1] 4e) T
Jer AR rE W I, R (] 4d) A PE A 1) 2R BB M o R B B ) 43 AT A R
fEFAR—, AVERMBKR, MXHEEER R, W EE B X IoxT B A b 7 o6 e, R AR IR
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Fig. 3 Vegetation coverage in the summer of North China during 2000 to 2018: (a) Mean value, (b) Linear trend coefficient

value, (c) Linear trend significance level, (d) Variation coefficient
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HE(IN)MEEE GRS EEME T —H M) & B REE. FBK. xR, H R HoHm
MR ARAE PR A AT A SR (] 5) o b, B KRR OO FE 5 A 4 7 26 FEAE AL B 0 3 2 A O, S
TR RN HORT IR 5 R B8 5 B AR AR LRy S B A G 31X 5 Li 45 (2020) 52 1 IR E 5 74
X NDVI 2 fi fH R &5 — 8. AAA R ERE DM EEFEERBLTENR
Y=-000477+0.0001P+0.0028R-0.01275-0.0062G, M I[IVA REL I IE 7 KE, T AR T E &
FESEIN, X PR A2 BT B 2RI R e e R A R T R S, AT Bl S, SR AR K (A
JTIESE, 2004) o BEAh, R TR R A3 AR HUE 0 (Shen et al., 2015) AT AN JH 4 Jb it X 3K 43 i K%,
R X IET R, M FRKEARB IR, AR TREEEK. BRI mE s EEm,
HETT R R ARG, 22 RO 0 S R B PR A, T AS R T e 7 i R 1 T

MDA 25 RIS 18] P R e e DXHE B 78 e A2 A PR R O 2R B b 2 e PR BT 7 2 T S
MR AR SR, (HR S ARG, FERMNEE . MO XIS A K S R R
FEAIRTIREE . M B/ 3 B3 REOKE, AR BRI S AR IR, T AR X 38 B 5 i P A0 [ 7K &5 )
FHOG (PMFEERSE, 2019) , R DXOAE 4 7 75 32 A8 A A i B2 R K SR FIVE I 465 2R . (R Qu %% (2015)
B R R I A DR A ) O BR R TR B K, X AT BB T TR R B B8 TR EERIREK, R IR
AR L FFE S A e, B R B T AL I 24T 22 e P AR AN R 45 2R

R 120002018 FHRILE FZSFERFH| SHEPE R EFFI KA AL

Table 1 Correlation coefficients of meteorological element series and vegetation coverage series in the summer of

North China during 2000 to 2018

JJA MJJ AMJ MAM
TEM -0.39 -0.58%* -0.33 -0.35
PRE 0.47* 0.45 0.26 0.42
RHU 0.68** 0.57* 0.23 0.23
SSD -0.75%%* -0.72%%* -0.23 -0.28
GST -0.61** -0.68** -0.40 -0.41

HoAr R R 95%KG 5, **FoRilid 99% 56, *** K Rilid 99.9%K 4
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Fig. 5 Correlation coefficient between summer vegetation cover and TEM, PRE, RHU, SSD, GST of JJA ((al)-(el)),
Correlation coefficient between summer vegetation cover and TEM, PRE, RHU, SSD, GST of MJJ ((a2)-(e2)) in North
China during 2000 to 2018. Among them, NC means Negative correlation and PC means Positive correlation, p<0.1 means

pass 90% test, p>0.1 indicates failure of 90% test
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PRl ) SN (= 245, 2005) 5 IS 22 ST 2 1 (] VA R0 i i /0> 3 [ U 190 77 V240065 i e A 2R 2 ) | A
ZHUE, AT T IR EF L 5 N R, Bt 4 41 26 MERY, A4 1 NI
B 5 ANUAS AR . 10 D SAF BRI 10 > AR R, SRR RS AL R BT
MR ZMFF T —8E (WK 2) .

M2 TCERNE R VA 5 R /s — SR [REAEL & IOAH G RECKE, il T 99%I1 B ks, #55—
BURHARFFLE 75% LA b o VUABR S0t & FMEM S, FAR SRR B A OC R B0RoR, 175
WRERDN, RN R, A EM AR B, thAt, /b I B A E R 52 0
LMk AT VR LA B, R IR ARG RBCE R, T HORZET N T ARURAR, AR
JE 5 SR AN K 55 2 [RIAFAE — 8 BIAH DRV (FVAEER SR, 2019) , fdie s — 36 77V AR AT LA LB AR 5 2 ]
A HANEAROE, AR TR RELF . WA e A (W36 3), Horh AR Sy
Xof LA B AR DG R MUK, D4R 5 F1 = A8 B A 6 RACAEE 0.7 LA b, (H AR SRR (Ll &
MRRBUCT 0.7, MIRCRAR 2, RIFER E SR B F AR o B2 R0 ) G AR rp 7 2222 2% 1
B REER M o WAL 2 [R] 43 A AR I 35 f 8 T A S
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R 2 S[EEFVEPERET WK E RN RS

Table 2 Statistical data of impact model of meteorological elements on vegetation coverage

- Et Al S| s/ — T 5l 19
B HMRAEH WIMiRE 9 —8E%) MXR#E HITRRE F95HE%)
AAREBA TP.RS.G 0.76* 0.0133 81 0.85%* 0.0116 88
U s T.P.S.G 0.76* 0.0127 81 0.84** 0.0117 88
TR.S.G 0.75% 0.0130 81 0.83%* 0.0119 88
P.R.S.G 0.73* 0.0136 88 0.85%* 0.0114 88
T.PR.G 0.70* 0.0142 75 0.82%* 0.0124 75
TPR.S 0.69* 0.0144 94 0.83%* 0.0120 88
=R TS.G 0.74%* 0.0126 81 0.80%* 0.0130 94
P.S.G 0.72% 0.0131 88 0.85%* 0.0114 88
R.S.G 0.70% 0.0136 88 0.84%* 0.0118 88
P.R.G 0.69* 0.0139 75 0.83%* 0.0122 75
TR.G 0.68* 0.0140 75 0.81%* 0.0127 81
T.P.G 0.68* 0.0140 75 0.80%* 0.0130 75
TR.S 0.68* 0.0141 88 0.82%* 0.0123 88
T.P.S 0.67* 0.0142 94 0.82%* 0.0123 94
TPR 0.66* 0.0145 81 0.81%* 0.0128 81
P.R.S 0.66* 0.0146 94 0.81%* 0.0127 94
ZASEE R.G 0.67%* 0.0138 81 0.82%* 0.0126 75
P.G 0.66** 0.0139 81 0.81%* 0.0127 75
R.S 0.65* 0.0141 94 0.81%* 0.0128 94
S.G 0.64* 0.0143 88 0.80%* 0.0129 81
PR 0.62* 0.0148 88 0.75%* 0.0146 81
P.S 0.62* 0.0148 94 0.79** 0.0133 94
T.P 0.59% 0.0152 81 0.77** 0.0138 81
T.G 0.59* 0.0152 75 0.77%* 0.0138 75
TR 0.58% 0.0154 81 0.80%* 0.0131 81
T.S 0.58% 0.0154 88 0.76** 0.0139 88

oA R IR BT 99% AL, **FKaiBiT 99.9% Kk 56

K3 WASRERPWEEAER PR

Table 3 The best model among the four groups of meteorological factors affecting vegetation models

Tiik BEE

L Sthrp s

R RMSE

FF5—HER (%)

(2000-2015) (2016-2018)

MLR T.P.R.S.G y=0.0007+0.0383T+0.0001P-0.0002R-0.0197S-0.0365G  0.76* 0.0133

L T.P.S.G y=0.0008+0.0375T+0.0001P-0.0193S-0.0358G

T.S.G y=0.0002+0.0500T-0.0235S-0.0431G

R.G y=0.0019+0.0057R-0.0119G

PLS T.P.R.S.G Y=-00047T+0.0001P+0.0028R-0.0127S-0.0062G

0.76*

0.0127

0.74** 0.0126

0.67** 0.0138

0.84** 0.0116

81

81

81

81

88

100

100

100

67

100
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AL PRS.G Y=0.0001P+0.0027R-0.0145S-0.0096G 0.85%* 0.0114 88 100

PS.G  Y=0.0001P-0.01658-0.0126G 0.85** 0.0114 88 100

R.G Y=0.0057R-0.0119G 0.82%* 0.0126 75 67
HArRoRidid 99% KRS, **Ronilid 99.9% K%

F 2016-2018 F IR IIELHE, XF5E 3 Ak @ 1) 8 Fit VCR 528 0] il e 7 5 82 HAASEAIL R ) a3k AT J 57
FEAKTS . 8 PhASE AU Al b XA 4 7 o5 B2 10 400G it 26 (8 6) . 2000-2015 4 S LAETT 5, 8 Fh
BERY A RO 5 WLIE B e, R 5 b 0L 45 A4 7 25 2 A A AR A ARRAE , 6T 2002 41 2008 4F:
B AR AR B B ARt BEAR I A FE B, (HLAE 2003 £E. 2011 4R 2018 £E 254 3 S o (1 46 4 1) v 22
FHXFELR . 2016-2018 FHBSZFEARBAKG , 8 MEAY Y R T/ R B F A0 7 75 FE I A0 F
fiE, BRI AL RE

il 0bs
=+ . TPRSG_MLR
=+ TPSG_MLR

=s  TSG_MLR
RG_MLR

0.02 =®= TPRSG_PLS
PRSG_PLS
PSG_PLS
== RG_PLS

0.00

-0.02 A

-0.04

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year

6 2000-2018 FEHJLHLIX VCR HOMIMME SHR A E k. Forb, 2000-2015 507 0L A1E, 2016-2018 £EN

LVRE N LN
Fig 6 Curves of observed and 8 models fitting values of VCR in North China during 2000-2018. Among them, 2000-2015

are historical fitted value, and 2016-2018 are independent sample simulated values

4.2 HAR BRI & B )2 R A6

SN Y5 T A B R R AR R — 8 6P 2000-2015 A AT — S AR R 5 A F] 3]
(IR 7K X I BT T RS S I E s, 456 2 ga R RN LR AR g /s — e [ A 7 VE R 2 1) 1A%
B RR (TPRSG) U 78 76 B (1147 18] 40 . TPRSG BB B 78 76 B 0 Geit & (L 4), T LA
B, iR ZIRENA VAR R RS —BR . MCREIME L Z e ER R, ¥R
REMEAN, W LR R SR MEAR OGS, W TR A — e s T A X ] A A A
T 5 R0 4 T DL o B MR IG, WOKE AR VR B 5 B A AR A 1 PG BE 0 AR K AR AL
2016-2018 FFEASLAEAKT I8 ) SEOLAEAMAE (K] 7) 2 et [l)3 5 e/ — 3 (Bl 3 7E 2016-2018 15
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PO FFI AT 7 5 P B8P 1) 25 00 2347 5 WL P e AR A B AR — 3. 2 Ja R M [ R i B3 /s — TR [ 1
JiR 2000-2015 AF RIS RS —BORFIEIME 2 N 68%F1 71%, FHICRECH 0.46 F1 0.61 438
i 95%M) R FE MRS, 2016-2018 AR IS AE AU 1R 5 —BUE A 55%M 57%. X2 oL
e 1B R Rl B /) 3 [l U A ADL 8 SR T AR I, i i /)N - 3fe [l A0 T B P 3406 45 R 2 e At
[ VA B A, i B i e /0 - 3R ] U 7 72 AR B A P IS R B R s IR e . R, A5G
UGB F MR R T 5 P R AR R, AT DAL b IR T P A I Ok e O M1 P
Xk, 7ESERRL %t B — @ MR E .

R 4 TPRSG BABHIE G E 5= ST E

Table 4 The statistics value of TPRSG model simulating vegetation coverage

- MXR BrRRzE 5 — 8% (%)

7 2000-2015 2000-2015 2000-2015 2016 2017 2018 2016-2018
MLR 5 0.46 0.044 68 49 59 56 55
PLS 4% 0.61 0.039 71 51 59 62 57

FoH 2000-2015 G NI AE, 2016-2018 A A A AR RE

(al) obs 2016 (a2) obs 2017 (a3) obs_2018
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Fig. 7 The observed value of VCR in North China during 2016 to 2018 ((al)-(c1)), the fitting value of MLR ((a2)-(c2)), PLS
((a3)~(c3))
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bR O R A AR I ABUER, ELIR DA R R R 5 i 20 ) R AR W i P Y R RERE M
WA SOIT e TR 7 FE AN SR BRI DX 220 DA S A5 18] o0 AR AR AE 0 BT, S5 AP R R T
BEAL, IR LA T R/ R[S 2 e R R VAR I Uk L, 25 T 2016-2018 S AR FE
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