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Abstract

Land productivity is one of the important functions of land, which can effectively reflect the quali-
ty of land resources. In this paper, the Normalized Vegetation Index (NDVI) and meteorological
data such as air temperature, precipitation and water vapor pressure are selected and analyzed by
means of trend analysis, significance test, Hurst index and correlation analysis to discuss the spa-
tial-temporal change characteristics, change trend characteristics and response characteristics to
natural factors of land productivity in Pakistan from 2000 to 2020. The results showed that: 1) In
terms of time, from 2000 to 2020, the average annual NDVI value of Pakistan showed a fluctuating
upward trend, with a fluctuation range of 0.157~0.217 and a growth rate of 0.022/10a. Spatially,
NDVI in Pakistan is high in the Indus River Basin and the central and eastern plains, and low in the
western plateau, the northern mountains and the southwest desert. 2) From 2000 to 2020, the
land productivity improvement areas in Pakistan were far greater than the degraded areas, of
which the areas with obvious improvement and slight improvement accounted for 51.62% and
15.19% respectively, the areas with severe degradation and slight degradation accounted for 1.12%
and 2.70% respectively, and the basically stable areas accounted for 24.37%. The change trend of
land productivity in nearly half of Pakistan is anti sustainable. The area of continuous degradation
of land productivity accounts for 1.97%, the area from degradation to improvement accounts for
1.84%, the basic stable area accounts for 18.35%, the area from improvement to degradation ac-
counts for 34.34%, the area of continuous improvement accounts for 37.47%, and the area of un-
certain change trend accounts for 10.53%. 3) Precipitation is the most significant influencing fac-
tor in Pakistan, and it has an obvious promoting effect on land productivity. The northwest pla-
teau area is seriously drought, and precipitation plays a significant role in promoting land produc-
tivity. However, most of the cultivated land in the Indus River Basin is located in the irrigated area,
so the land productivity is relatively weakly affected by precipitation. The second is the potential
evaporating water vapor pressure, the highest temperature and the lowest temperature, and the
average temperature has the weakest influence.
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1. 518

AR, B RSB ABIN R PN RES), FEC SRR RS+ 2 0F RS0 0]
B2 Je AN N AEAZ IR B ™ F Jg ) 1) E R A BRI A B ) {2 — (1], 2 B E B 5 H K )2 R
[2]. BEGETHRSER R H BN L K4 (AEG-SDGs) ik #E UNCCD 5T iRtk & X [3], #iE L HuF]
FIE #3377 )12 A a3 R B A7 B (3300 AR AL 34 oM R Bl R AL 5 75 1A% O F hn 4]
bt A R B RE 2 —,  BERE S i BE YR SR X RERAE L AR R T, HAR AR AL
S R ARSI . 7F SDG15.3.1 JeHdER[51LA K& (SDG15.3.1 R UfFskiarg(2017)) [6]4 45 i
B FE B (B A5 21) S AT AR BE N AR 7= D e W ROk AR I AR O, R A e
JI0E B AR IR bR S [7] [8] [91. AR, KEM TR NDVI M5 H U B S PPl R b AR KR, HAz
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g . BRI, EE T NDVI S AR L AR IR BRI 3R, BRI et 2R = g i 2 AR e 4
B SAERIm R, AN X SRR B TR SR k5 3B Ak e B AT B SR S

rp L8 55 2E JBF (China-Pakistan Economic Corridor, CPEC) & %43 v [ 5 Bl iz A1 63 1) B 22 bl b g, A&
B EWRIIEALIH . CPEC EUJEHTIHE R B T TR T RIX, SSRGS,
RS, SAERZFE[10] [11]. dhdh, JAEREEE SFAR I LA RN FORE N, A& AN EnE,
ARMRER AR B, I R, Iz Tl A R i A S 8 S8, LB I, FRARiB L, 14
SRR IR S 25 [12)-[17], 1Ak T EORHIA B AR [14] [15]. Ullah 5[14]40 47 AL 1
TR FHX MR A FE R R B R ih, U, AN DRSOl gROR b A AN 2 5] kS 1%
(X 355 4= 3B Ak R = 22K . Muhammad 25 [15] 4 B 138 fh x4 b ] R85 % J8 RIURR £ 22 4 7= AR T A
JEr . Niazi [161IA AN T4 (1) 1 0BG AL DA S B AN I i 230 A S B0 BE A A Tt e i Rl AR 7= 0
TR, HRETES A ST, B X BB R ) B R A 1 RN, DU AR N
e A AR A A o PTEE FAMESR O A, SREIIT 8] 5 51 B8 A T 0P L A 7
JI0F 7 AT BT FAR A DK R 3R

BT, ASCHIH NDVI B LUK, Rl AKIRESE 285, R Theil-Sen Median (Sen)ié#
53T+ Mann-Kendall (MK)&ZE K5 Hurst $85 L RAR TS 71k, 1B MG 0m T, Wt E R Sa i X
2000~2020 4E&HuAEP=JRAGTE L. TRINASKAR S, DL B HE X A A 7 0 s B B B
WA ESEIE XA SRR E S . TRrEL HHb BRI . SRk S R B LIRS R S

2. fRX

E R AT T B ORRE(23°30'~36°45'N AT 60°53'~75°31'E 2 Jil) (14 1), [ 4L 88 x 10* km? (&2
FIUAKRHIX), TFE 4 NEF 4 AR, ARG d6. P KT SR EL BIE RO R,

40°N
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Figure 1. The geographical location of study area
1. IRXTE
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[E2R IR UA (S HETNRe S bR R Do SR s VLt | oA BN 2B st o OV = S (Lt DN =) AN T B2 S
RS, RS AV X, oA B o e AR A — = DL AR TE A%, A B REsy
RIS R 2 UG iy L LA, B AR 0 L IX AL - A T 5K, i,
BARRER D> TR W H A0 7 5 B2, R ATEALER L X PR R AR X . B I — A g
RURAL IR, L 62%H) N 1(2017 AR N Fi 2 42) B sa] 32 LR O A, LG A i i 2 MR 27
MR BRI PR . G AR, EEHTHREU A T U, KRB SRERe. EAREZ
R H R, LT IR IR .

3. BIESFE
3.1, B

ARSCHRHE SDG15.3.1 K% [5] &% UNCCD (SDG15.3.1 R4 SEEIERG(2017)) [6]H & F LA~
JIFRFR VAL 1) 00 I DA S 4 T B HAR S PR aoe, 14 NDVI s L A= 7= J i Ah 35ds oK.
YRR (UR) SRR R KRR LA R R S R, AR AR SO SRR AR

NDVI % #5 W5 T % F it X J5 (NASA) {1 MODIS-NDVI 7= f# #{ 4 (MOD13Q1,
https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD13Q1), Hf[a]4r##% > 16 d,
23 [ 43 #0250 m, BR800 2000 4F 1 H~2020 4 12 A, B GEE ‘FAHEMMEE, RARKE K%
(MVC) [18]3RHLH REE M, D SRPRHUE R EESE . K. AKIRESRSES S EEIEH CRU Ts
v.4.05 [19] (https://crudata.uea.ac.uk/cru/data/hrg/), 75843 #£ 2 4 0.5° x 0.5°, B [A] /541 79 2000 4 1 H~2020
12 H, 6 A RBEEE R O A AV B R AR S5 NDVI B VLIS, Jeit— P idid sR3gE . s ME. &
MBS BT 4 R AR

32. B

ASCHIF NDVIEHEAE 34 72 3P #6201 [21], SR Sen #4705 MK 532 MR IR A 45 &
BAZTCHHT, TSR Rk R b A PR I AR AR, fEURIEAE 45 S Hurst $REGRTT 1ih
A7 DA A A R LR AR AE o« [FIR, R R AR DG A3 M i o A SR EIE 5 L A 7= U 2 TR A DGR
DA ER T B BT 4H b A 7 7 738 A 0 A4 B4 i R ARFAIE

3.2.1. Sen #EHFIS MK BEMRLE
Sen 5 MK M4 & @i 5 R EMARIE, BT REATERN—C oM. feE8IkPiiRzE
. 6 S EEE AR DU EE RGeS, LA SRR MRS R R [22], w2 N
T NDVI S a F 7043 Hr e [8] [23] [24]. fEBh MATLAB #f4, R Sen J732:%F 2000~2020 4F NDVI #4T
BAR TR WA T, FERA MK J7EN B @A BT B E VRS, B HEREM, &6 0 D
A A 2 i S AR L
FIH Sen #5121 NDVI A8 {ki#a 34 (8] [25], ARN:
NDVI, - NDVI,
J—1

Syov = Median( J 2000 <i < j <2020 )
A1, Sypv A NDVI Sen AZ 4%, NDVI, 1 NDVI, 4355129 j 4541 i 4 NDVI M . 24 Sy, > 0 I, NDVI
B, Rz M.

FIF MK JES 54656 77 75 HI B NDVI AL a4 B 1 [26] [27], tFHARN:

DOI: 10.12677/ag.2022.129119 1238 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.129119
https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD13Q1
https://crudata.uea.ac.uk/cru/data/hrg/

Mg, PR

{NDVI,},i = 2000, 20001,--,2020 2)
E X Z RN
51 50
var(S)
Z=10,S=0 (3)
S+1 S<0
var(S)
/\I:'j:
S =Z?:Zin:,-+1f (NDVI; —NDVI) (4)
1,NDVI, —NDVI, >0
f(NDVlj —NDVIi): 0,NDVI, —NDVI, =0 (5)

-1, NDVI; - NDVI; <0

n(n-1)(2n+5)
18

AKob, Gl EZHUE LR (—o0,+00) ,  NDVI, FI NDVI, 53 BB L ARG AIAEFINDVIE, PARFS i
H, nFRENDVIFHIKE . RARARR:, TR EREMAKF O R, H|Z|> ., W FRBIFR5IHHE
10K PR BT BEME, RZMEHAREE,

ZHRAH K SCHR[8] [28]55 1) NDVI #3543 25, HHT Sy, = 0 MBI, LS, 0, < —0.0005 AiE L
[X, /rF -0.0005 < Sypy, <0.0005 Z[ANFEFE X, Sypy, >0.0005 e X . 2EHLO=0.05 (py_,,=1.96),
H1|Z|>1.96 i NDVI 22 fbitas B 2 . DLHOKE 3t A 7 A8 (RS 58 SR 5 P WG ( Sy, 2 0.0005 ,
|Z|>1.96 , )% e (Sypy 20.0005 , |Z|<1.96), F&7E (|Sypy|<0.0005 , |Z|<1.96), MR
(Swow <—0.0005, |Z|<1.96), *HIEM(Syp, <0.0005, |Z|>1.96)-

var(S)= (6)

3.2.2. Hurst 53k

Hurst $5802 € R I (8] 5 SIS BRI I A 2007k, 0 2 N T U5 S0 b [8]
[28] [29] [30] [31]. Hurst #8&EIHHIT%8Z, ARSCRAENH I Hurst S8 805 777%, RIS 23 HTik[31]
[32], A4F:

XA S NDVI , 1=1,2,---,n, 58 SGZAF A FE 4

1) BERFS

NDVI, =EZ;NDV|T . =120 @
T
2) AR E
X, =Y ,(NDVI,-NDVI,), 1<t<z 8)
3) thz=
R, =max,,., X, -min__ X,, 7=12,---,n 9
4) bz

S, =\/£Z:_1(NDVII—NDVI,)2 , 7=12,,n (10)
T
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HFLLER /S, =R/S . WIR/Sccc™ . METEFSIFAE Hurst L%, H %y Hurst #6%c T H (i
log (R/S). =+ H xlog (n) F /=7 H:bh & 195 ARHE 1 H AT AU NDVI e 65 1045 {95
ot S NSATER: 05<H <1, RN MFIIAGRSENE, Aok BBl 5, H H
W 1, R H =05, RUINEFSIABENUTS; 0<H <05, FUIRI TSI A R bt
RGN, HH BB 1, R,

3.2.3. X oHhE
AR R B )2 1 Person AHC RECK i & %% K75 NDVI Z [RIAHCRR R, /N E s A
KAEHOHHEWT:
_ Zin:1(xi _i)(yi _7)

Y n —\2 n —\2

V2003 X0 (v -9)
X, o, x5y BHSRREL n AREFAIKEE, i, j2 1 x AR NDVI I, y, R
TROIAE, XAy AP ERRCFEME, o WHRIMEREL r, >0l “FHMRMENIE, r, <0,
AN B ARG, |r | BOK, AHOCTEME. ASCHET MATLAB B, HSIE 51 NDVI 5 %%
KT IAHC R 5. AREAC R FE MATIR R T A, 78 0.05 1 0.01 IR ZE AT, HKEREUEFE >
779 0.433 A1 0.549. FETF-Bb, AHEFCRANSCNE 3 A ANFIEIL: TARSCEZ (r, <-0.549), HAHIREE %
(-0.549<r, <-0.433), FUHRAEE(-0433<r,<0), IEMKXANEE(0<r, <0433), EMKREEE
(0.433<r, <0549), IEMIKEE(0549<r,). (EHAEAZ |, éﬁi+ﬁ%5iﬁfﬁ%(|rxy| > 0.433 ) IS |5
W7 X BRI G 40 b, AE A NDVI 555 R 1 AR D

4, ERESH
4.1. 2000~2020 SE B EHTB NDVI 55 % FE FrE T IS

PLEE A TR RS, L T4 NDVI, 234 21 453K NDVI AR5 (] 2). MIE 2 B i, EIE a4
¥ NDVI 18 S 5h FTH 3855y 0.022/10a (P < 0.001, R? = 0.7937), W&#hiEHIA 0.15~0.25, {Y7E 2007
FEAT 2018 4E BRI SN, 2000 4E NDVIE A 0.157, A 21 4ERIG{E, 2020 £ NDVI {54 0.217, A
21 KA KAH . 2000~2020 454135 NDVI K2R 37.9%. FEK. KA AR S BRAE
RS FEEARROE XA S, 4 B IR S AR B oK, 220 Y #] 9 185.30 mm (2018 4)~391.98 mm (2020
), 21 FEFH4ME N 293.07 mm, HEARE LTSS, WO 3.15 mmia. RS KA LA AL, AR
1RGN 49.92~51.81 mm, 13y 2.77 mm/10a. NI E K 7P AUKISE 0085 T R, AR uE Ny
12.8~14.5 hPa, 14 4-0.087 hPa/10a.

rX

(11)

025 4
024 I —e—NDVI —— % (NDVI)
023 |
022
021
02
019 |
018 f
017 |
0.16 | y =0.0022x - 4.1629
015 | R2=0.7937

JA—1KAE IR HIND VI

0.14 f
013 f
012 f
011 f
0.1 —_—
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Figure 2. Interannual variation trend of NDVI and climate data in Pakistan from 2000 to 2020
[ 2. 2000~2020 fF B EHTIE NDVI R SIZHUIREFRE L aEE
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4.2. NDVI e T 4H1E

HF 2000~2020 4734 NDVI Hidfs, T8 21 4P EAF 2] NDVI A= (8] 7045 (K 3), Ml U
BT Ry NDVI R X 3 290 A BT A B AR T, I DX g v~ B e 9t X Oy B
JrIH F EARMAE X, NDVI S ms BRI A AR RO A SR P X, AR AR ERE, 521
BB, NDVI 8. vHimf s b X R, FEANME, MBS, X EEN
B VKR ARRT %, LR R DB X NDVI (EEHK. NDVIE<0.1 [ X = E L, 73t
AR AR .

ZAFETFHINDVI

Figure 3. Spatial distribution of annual average NDVI in Pakistan
E 3. BEHNEZFFII NDVI =E5H

P4, 2 1 RLEH, BRI RIS X A 7= 1143 2035 (71.81%), HA i B ik 53 Mk
XI5 0] o 51.62%1 15.19%, BF S 50 X 32 43 A7 T A6 0 Ll X ) o~ Bk e IX L rh 2R S DA
S EEETT A  IX,  ARA SE H IX 22 g3 A T T S v SR - B R VAT S U X DL R Fe S I B A X
AR = JTRAGIX 5 3.82%, JLH ™ HR AL R ROR A X3R4 5 1.12%F1 2.70%, FEEIRGIX 2 E AR
T 0 B AT NI T LA B BB VRT3, R AR A X 2 A S 1 L X DA g S BB NI I B X . b
1L DX 1 S b X DA R B R VAT S X R AR R B B R . AR E X
24.37%, FEEN TR LACGERILX, ZX TR, LR A IR,

ELJEHTHH NDVI ) Hurst #5308 0.10~0.99, ¥J{E>M 0.51, #F5EIX H < 0.5 HTHF & bl 46.71%,
H > 0.5 A &5 H A 53.29%, 15— X3k NDVI 84L& 38 A R FFEiPE(H < 0.5), % NDVI &L A
Bahtt, 25585 NDVI ERRE (] 2) £Eh EFHEHEAART . % NDVI 25 (828140 5 Hurst $5 4045 R 200,
FWT A R AR R A RR S (] 3), RRLRIBALIXIR 5 1.97% 1 B E BN I E R E oA HiB
B X 1.84%, 2 BT ALEE L X ) oo Bk X AR 2 X (5 18.35%, A T VE
R AEER X, PEERE R S AR X s AR P DA R E s I EGE BRI Y 34.34%, iz
A3 A T AL X 17 H 2R T SR AR B R AT sk b X, 12 DX 3 A EL R B TR 85 P b R DA R N R4
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LV AR IX IR, R EEAEATR . G RO R R A M A e R A RS X AR
PUi K 37.47%, 5 B30 T 76 &l vt S5 BN TR T SR R X AR A E X Y 10.53%, F#
AT VEHR m BRANACER L X SRR WLt 8 TR . ARSI X .
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Figure 4. Land productivity change and sustainable spatial distribution in Pakistan from 2000 to 2020
4.2000~2020 £ B EHE + 4 = ST A RSS2 81 0 7

Table 1. Statistics of NDVI change trend from 2000 to 2020
% 1. 2000~2020 4F NDVI Tt #&#A %1+

Snowi Z14 et A AR 2000~2020 £E (%)
>0.0005 >1.96 iniEH 56.62
>0.0005 -1.96~1.96 BseE 15.19

—0.0005~0.0005 -1.96~1.96 YN Y 24.38
<—0.0005 -1.96~1.96 LI BIEY A4 2.70
<—0.0005 <-1.96 FEEIRL 1.12

4.3. EXMERE S

KRR AR T 5 NDVI AR EEVE T B NDVI G T me SO RE R, AHOCRE R, A%<
IR F%F NDVI 500 5 2%

WHICIX P A 7= g 5 R IR TE 2SS AU D AR DGR A i 85 R (19 5. £ 2), ATRAE H
B 7 A LR U T b [X 5 2 3 ORI IR 7, AHSRIE N 53.43%, HLFF/K 5 AR )7 5 1EMI55(98.92%), F%
A A P A B R AR A o PG DX g SR X T, RO b A P R
=, AT ENEER AR IR, T 4R 28 TREBE X, Lt AR ) 2 B M A 85, AL X
ZNTCREME G X, AP IR, BT A P B E A IR BEARRL KRR, AR
X AR PR DS ARG5S . AR, BRI S LA ik X b A O e R R ASER , R
NIBEABUKIRE . Bl SRR, TR MR,
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c. BRI

b. IETEZHL

s @y

W OGO RS AR OIS E AT S IR

Figure 5. Spatial distribution of correlation between NDVI and climate factors in Pakistan
5. BEHHE NDVI 5S&EFHIHEX T E S

Table 2. Correlation between NDVI and climate factors in Pakistan/%
2. BEHMIE NDVI EEEEFHXE/%

AR AR 1A UGBS UGBS UGBS

R g BEE  REE  ARE  BLE e R
FE7K 31.78 20.53 34.77 11.84 0.87 0.21 53.43
ETEZEHL 1.35 3.03 41.29 48.26 4.60 1.46 10.44
KRS 0.34 1.29 34.47 56.56 5.04 2.30 8.97
3TN 1.93 5.01 58.95 32.56 1.22 0.33 8.49
AR R 0.70 0.90 26.07 68.07 331 0.97 5.88
i 0.29 1.19 40.59 54.40 2.93 0.61 5.02

5. it 511ie
5.1. i7Hg

CPEC BEEMHEIMMIEE I, SE£E, ©EmR, B, TEEESH SN REE, Tt
TR A R RGBS, WEAL NDVI BB S 2SR, AT AR P2 20, B B T e sk X 15

AR B AT AL 5 - HLB LB 1L . ASCH T MODIS-NDVI ¥l 55 CRU 47 G080,
ity Sen EHAHT + MK AES BRSO R BT . Hurst B8, AT AR i, SR IGEAHT, 7R
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T IR A X M AR P DI AR . AR AR SR AR DL S AR DR Z A R B AR i b A
IR NRFAE o TF 7845 SR RS AE — R 1 s By B3 A A b A= 77 0 AR A 1 LA B e Ak DR 2R (1 i 7
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5.2. 45ig

1) Ml EF, 2000~2020 4 ELAEHTHAEY) NDVIH 295 8h EH#a %, HahyaE N 0.157~0.217, 14
47 0.022/10a, 2018 -2 J5 NDVI 2] W PRI KBS . WA BE, BRI NDVI E 2 2L
FE T e R AR SR X g, P bl Hh DA R 7 R YD b X AR P 43 A REAE

2) ELELHTIH 2000~2020 4 b A 7 o o X iz K TR A X, FG A B R SO S R A Y X A 4
il 7 51.62%7F1 15.19%, ™ EIRA S B HERI I XI5 70 5 1.12%F1 2.70%, FAFRE XIHh 24.37%. 2
FEHTHH NDVI 1 Hurst #5844, 5 — X 38 NDVI b B A R FFEEME(H < 0.5), R NDVI AR{L s A
AWM. LR S RFSEIBILIX S5 1.97%. FIB LB X 4 7 1.84%. FEAFE X 4 18.35%.
e BIRAL X 34.34%. FREEEE X AR (5 L KON 37.47%. AR E X 10.53%.

3) FAKRE B3 Sy 4 [X o 55 2 (RS R 1, ok i A 77 0 W S R A o G X S b [X
T, KON AR R A B, WAL T BB B, T AR 2 A T REBE X
AR = S S R KSR X LS o VOB TEZEBUKIRER . Femr Ul AR, PR 555 .
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