18 4 5 4 0]
2020 4£ 8 A

B K AE IR 5 K B Crprse 30
South-to-North Water Transfers and Water Science &. Technology

Vol.18 No. 4
Aug. 2020

DOI:10. 13476/j. cnki. nsbdak. 2020. 0071

LR, B0, RIAL S, 45, JE T R 4 B () T U (X NDVI UK $Z5F 2 (8] o A g Jai LT . mE /K AL S oK R R R 3E30) .
2020,18(4):39-53. JIANG X T, LI S,ZHOU Z H, et al. Distribution pattern of NDVI and hydrothermal conditions in the
Yellow River Headwaters based on elevation section[ J]. South-to-North Water Transfers and Water Science & Technology,

2020,18(4) :39-53. (in Chinese)

ETFeESEMEMNIERX NDVI #0
KMFHZESHIRE

ERRYERE RARR s R T R R R A

(L. PP TREBE . LR 5 & 26610052, H E KA UBHEDF S BT JIs Dl BRMGED 18 2 F SR o R S g e
JEnt 1000385 3. B[ /K FIZE 512 PG T /K SOK BRI R . 47 8100085 4. TRIIK A+ AR TR B . RN 518000)

FAE : DL R RO R X6 42 . ] MODIS13QI 32 AR . DEM $idis 5 85 LS 3 F1) FH 2R 8], R i 3
F o BO IS 5 VA HEE X NDVIOH — AR AR B0 5 K S AR 23 (A AR EA T IR AR SE . A4l NDVI Fifi
EFEAATESE DRI X R 20 R e AR B 1 (<C3 400 m) , B FREL 11 (3 400~4 200 m) FIEAREE I (>4 200 m), 7E4%
TR FE B PN A TR 20 A 4 JR) A NDVT 5K A3 A AE NDVT 57K SR i S 5. 45 SR B - Sl IX Py 32 2
A2 TR oAy e, TR o VR X TR 75 %6 AR T R 5 U oA 700 AR TR 196 MR B T N R B PR L Ry
A% A, R AR L P R A B 2 S bk R M v R B NI P AR A R Ml 5 3 PR [ 2R AR B NDVI S35 K/
SRRl = b >4 FH 5 TR B ks 33 014 245 ) 3 AT A% R B 7K o 2 B MR i ) P G s i s s AR B 1 )@ T
BRI, AR B 1T @ IR AR, AR B (@ T8 X8 3 AR BB UK AL & A R W R R AR B T S R B T /K A
SRR A NDVI AR S R B 9 32K AV F SR S E A ) 5 s e B T R s R B T B /K i35 AIR, NDVIE:
BEYRB PR TR K R 1T (YRR K et T30, 5% NDVT (1 322 R 72 UL

KRR : NDVI; K S AT: 5 23 18] 53 Ai 4 Jey 5 Bl PR X oo A 40 B

FE4S%ES P339 XHkFRER:A

SRS B A S K SO R T E B
Flregrb o i B A 2K B IR M A e A S TR
AR A B AR A TR R R DX A A R 1
COKEE” ARSI B X R i XA A S I A
FEL ARSI X A PR XA RO g 2 B
PR Z TS A 28 . A B X e
R G A R S R R R TN S E el
PR XA A KR A B = ZE AR HEAE T L B 20 i
2 80 ARANS T BT A DX A e R 5 1)

RS EHA:2020-03-16  {&E HHI:2020-04-10

FF AR (R TEAR S ) AR 58 (OSID) : 26

AR P ST € SR R A DO N R IR
DA 5 M TR PR IR IO 56 2R L A 2 A R Rk
JE S B TR XA A K R A A
WA BT Y58 DX AL i X R A2 Al 1 i) 1, B Ay
e TR Y R 2% w2 B AR A R
FEH S 1 AR IT 75 T BT DX AR R 0 AN TR e
BeWt7e NDVI AEA [ D1 0 A AR . 2 T 1, A
SCRITFE XK 0 AN [ o A B IR [R] i R B P
RO A5 K IR AF 23 A3 i 1. S NDVIT 57K

[0 4 H R B 18] < 2020-04-14

P 2% H At Ak - http: //kns. cnki. net/kems/detail /13, 1430. TV. 20200414. 1407. 002. html
BEEUA:EEKE m AT kiR (2016 YFC0402405) 5 [ 5 H 4R BF 2% He 45 (51779270) 5 Jai Sk /K 4 2446 00 55 98 455 B 5K 1 o S5 0 % IR A

(SKL2018TS04)

TEE B 2 (1993—) L, MGl b A EENFEBOKSCESY . E-mail : JXT_OUC@163. com
WSS MR 975, B AR BN ZIR0m S TR, Pt 32 2\ F i K A6 38 Sk Az i B A 40 5 45 7 %5 . E-mail: zhzh@

iwhr. com

HTRRLERFFH5AELE -« 39 ¢



F18% F AW wmACKREGAMBHLFEI) 2020 4 8 A

PR i B 5 ZR 1 22 5
1 BiESHIE

1.1 AFRXBAR

BV YA DX PG g AR ARG PE R R B AR
FIRIR 111 5 B 38 T 0k 1L o b 1K He 0 45 b, 35 0] A 2% ]
JE I Lr s B U5 B A e 2 WK T T AL
13 J5 km” , b B A8 b5 70 Bl &y 32°09" ~ 36734 N,
95°54'~103°24"E, I M1 X NW-SE #k 4
MRS, A LR ST M Ll MR e B 5 ok
PRTE 2 438~6 169 m, FHHFIR 4 473 m. K &5k
S BRI P H AR IR A A i TR
GYARTTIZ AEAE S Y DA oy TEHE DN | R FE R | Ry E
JRER

A T B s = NDYE
M Y3
5 0

W 15T
{iL: 40
{a b A& FEHNDYI

A S

R a8

1.2 RFERRALE

AL i A — A AR 8 45 B (NDVD 8l by 26 5]
NASA it K H0 Z A7 ) 2003—2017 4 MOD13Q1
7 b3 HER R 16 L 25 20 HER O 1 km, Fl
J MRT (MODIS reprojection tool) 3% A ¥ 1% J& 52
QAT BUE DR 4 0 EE 4% L R B NDVT 5 B
ArcGIS WP ATHERRAR I T 2T 5 DA ARl
A A A AR T 55 i 2 500, H NDVIE/NT 0,
AT ArcGIS Hlibig 11550 T AR Bt Ak 2 Y e i
AR EAR X 3 NDVIZNT 0 GO c sl
2MH. B Ja R HE MVC(max value composition) J fx
KA MIESS4 A NDVI{E, 4—10 A 2 EmEKX
MR A K Z L A SO A4 4—10 H NDVIEEEEY
EAEZAE A B A 1 22 NDVIL 20032017 R4 K
Z= ZAEF-H) NDVI 25 (Al 434 LA 1),

15 -
e -144
| ) BEFRTE

B 1 NDVLKEK SEEEFHZESTH

A ST ARG AR B 5E XN 12 A Wk
20032017 (IR B K BE . SR X 5
g AR T M v 22 B L B KRl Y BT W
T BT ARRFAE , R R I3 F DEM (1) i f2 &
IEFELE 4 IDW (inverse distance weighted) X S,
GRARIEAT AR BRI R 00k s R 0 5 4k ot
RS (B P AT T 3 il % A 2 [ A (RS 2
M E M R R RFRSE XA 12 A W a5
AT T 500 0 o A () T — e M [l A
UK 2) , B AT Z AR SR T 5 0k i s A el A
BRI ) FE A T=—0. 005 5h+21. 41,R* A0. 867 6, M\
AR E B AR ) 3 LA 100 m 2 —0.55 C,

L] i
i
E . . s DL Be )
o JERIAET
| .
& b NICe 5 - 5
SR VI ] A4pKl & 1T

litm

B2 SEFHSESENESSEDFER

40 » ATABAAGPIGRELA

] VG 0 b DX P A R A e B VA A v B 198 T o T
B AR AR BE 2928 1~18.13 mm/mt ™ A ffF 5
FEEH T e i R K LA B B AR A AR X I R T
100 m /KN 6~ 22 mm, A HREE S X6 5 i 5 X [
SEUSHEET A HTAS S R K A 2 AR AN + 20 mm/m,
WA ORI AR 120 mm/m, MR <R
BRI B AR AR B WD B T 1 2 R K o T
b FE ArcGIS HrR SR B A FE 72 (IDW) X 13000 32
SBARIEAT A AR (. 254 30 m K ) DEM 4
Pt 5 R Hb K TR 1) SR B K BRI ST I Sk E R
TR AR . 20032017 4F Z4E - ¥R K
FZ AR A28 B 43 A W 1(b) (1(0)
1.3 AXWoH7

X} 20032017 4EHA] 5 X A K 22 NDVI 55
TR R KA T AR S AT FHSE R BGE N

SX XY

D

R=

JEX XS
P X, #R5 i 4F NDVIL Bl 20032017 42k
7= NDVIH; X &8 NDVI A K Z AR HMH; Y,
FORGE AR/ FRK s Y R Z AR R K



ZRV. & ETEELENETERX NDVI f1K R &= 0 94 % A

i3 PRI BHER n =15,
K ¢ AR S v AT BB R A
=Wl

=R «/17;};2 2)
e RIS R A OC R MRIEHC R
OSETE R ol TR S UD IS N - S T
A (R<C0, P<C0. 01) , 3 3E 1 A6 (R<C0, 0. 01<C
P<0. 05) . ANBEA K (P=>0. 05) , .35 TF A (R>0,
0. 01<CP<20. 05) , i # IEAH I (R™>0, P<0. 01),
1.4 SHEERXS

A ST EE T R X N NDVT 45 A Bifi i #2722 6 2
PRI 2 ()4 4 HRAE . SR ArcGIS T HAEWIFE X
SR PRI R AS £ SR IBOREAS S50 B i 7E o R A AE
AR ZEZ AR NDVIE, 3 2558 X NDVI fif
R AL (B 3(a)) . AT LAF H . NDVI e 2 8
Wil 2 e A 98 0 T e A B R R S
NDVIERIHG  Z J5 b & & A3 A 2218 0 i
B, B B e R B R 0N L A3 A AL
PIFFAE . S48 NDVT B & B 58728 i, R ¢ A

SO0 8 S0

T T

i 4 N
B S L] LN

| a ) SEVIREE AN

ARG . BUEAR ¢ K6 3 2 5 2 W 2 3R
FHICFEA T HI - I E 1) 25 502 75 B E R I 8 A8 1
JrEE . WL REAR P S S (E 25 Sk T
2O WA S AR AR B A T R4, Hk T
goitat B EA R
= Xi—X,
N/m 1)511232 1)52(%+%)

K. ST SE HPIREAS I 7 25 oy Tl my S PHAIFEA
20 Xy M Xo HPIREAS I 3ME. BEREAR S NDVI
(B 100 m @RS —4, R AR A ST 95 %
EARAKT RS ¢ A5, DA AS I NDVT i = £
AR . HE 3(b) AT UL, FE R AE3 300~3 400 m Al
4 100~4 200 m Bf, FiZH NDVI{HA B &1k 2 5. 1)
AN NDVI ZE & F23 400 m Fl4 200 m &b % H 5878,
RLIE B FE 3 400 mo B3 8 A e R BRI 4 I — 4%
PR KRR 200 mo B E A RE BRI A 1A
AL XA FE IR X e B NDVI Bl =5 R 50
A R A3 3 A e AR B B R PR BT (<23 400 m) L)
FEEHI(3 400~4 200 m) FIF B (>4 200 m)

3

| Wi

O | - - -n i

. _— o |

= |'|l|l.l-‘I "": T = - i ® *l""r
= b ) 1 Taoh, CIGL -GN, il ¥ N5 i
'.'.'. 2
_:I o
1

in ®) ail

N [ 1 e Tl o g i

= Nl Riin REIIN ] R ] = AR o e P § ]

Wi

|l b RO R M R AR

B3 NDVIESREURREWMER

WFR X R B UL IR 4, B/ T3 400 m (1Y
[ S VA R 0 i o 1 Al R SRS =
3105 m, FAN9 137 k(5 s AR 7%, NDVI
AARAEL0. 03,0. 51N SERHE K 0. 265 B FELES 400~
4 200 m PRI A FOUF5E X AR K I X4 5
K3 731 m, [ AL R 57 744 ke, i i 3R T AR
45% ,NDVI1 434 7E 0. 26, 0. 66 ], 34 {E M 0. 555
FEFER T4 200 m (1) XA T IFFE X PE AL X P
PrmEh4 441 m, i AUR62 094 km? , I AR
48% JNDVI 4G AEL0. 09,0. 56 [N s EHHME M 0. 34,

2 HREWE

R s AR B AL A A&y
F5E NDVL 5 Je i 1 ff# W1 52 DX 9 AR 410 o3 A
L. BEEL 2000 4EAT 2015 4F 1] 1 Ho 1] FHZE R ]
M R HEL I T » 45 SRS Wb M A A P T AR A A 2

2.1

- { Al 3000
-_-rJ_"l'II

B4 SESEZHETEE

AN 0. 106, BT ARV A AL 206 T LIAK
2003—2017 4 # i J IX 3 A AR LA R il AR 3C
KA T ke A BE 9 2015 A4 Dy SRS AR X BT X
AT S L. & 5 nf RUA B

RATAREER Pl RELE « 41



F18% F AW wmACKREGAMBHLFEI) 2020 4 8 A

TR DX PR 5 28 TR Ay o b A AR B L o i
FAZSAU AR L AT G 145t Sk 3T IR X 32
BIRE R EAY, TR A B OE XTTRR 75 %0 s HOR 2
R, TR b7 2 AN TR 7 20 s AR LR 4> A 5 D
SR H L HEA R A KA 1%, %+
ORI FHZS A 5 R4 X & 43 2K [ i 72 43 X
P IS R R R T R o B (TR 6) . DA B 28 AR 4y
LA B T PR R A ObR L LD 3 -l
FIFH B IR 73. 39 %0, A RN 4 2 2 X R =
B GRAY, A L 2 0 R 16. 79061 79. 4624,
MRHL Y 3. 75 %6 5 AR B 1T PR A T AR bR A
TR 87. 5226 , T B2 hy AR b 15 1l 1 AR
F T4 14. 25 % F 85. 61 % 5 v B 1 PN AT 1% T
R R B IR 78. 8200, Horp 97. 026 U AE
PlAR S B ARHBAY (5 2. 98%,

N
W-E

B5 2015 EMREXTitF HERE

VOO bl i e mm
i L
LIE T | =
kil o 2
’ i 5
L '_‘_1 i i
= =i o 5
o> 4N 2 =
1] 2 -
My i i
i 5
In i 5

- - -
e L] ] A3 MEk et XNlm

6 FEBEREAREEELE G
NDVT %545 554 4% 1 VF 2 S 508 VI %, g
S e A 25 S B A 34200 PRGN ) S 28 g
B NDVI B 22 50 . % AR A e —
FRIESHOME 117 1% AR A% S WAL A 11 3 A5 15 0
RIS FIZET (At e NDVT 4370 55 i 20 3 A2
RIAE A M — L, S —C R D) A K L4
) NDVI {E 5 Ao 2 BEAG o A el (& 7 o i e
FE T DA Hh A ) NDVI S5 5 =7 . h 0. 525 ik
JEHHAY NDVISEEE A 0. 43548 H NDVI S {E
/NGR 0032, 3 FAE B NDVI 43 A b s th 5 22 5
P bl NDVI 53 A B0 HE 5 Bt NDVI 534 5k

e 42 o+ BAARBREEIMRPIGRATAEL

5 HLg BEAOR AT NDVI M B0 Al . 4%
H 9500 B A5 DXl s _F T B AR NDVT 4343 5 el
M[0.27,0. 651, # i NDVI 43 AR7a FE R [0. 14,0. 647,
A< NDVI 20 A JE 1 [0, 13.0. 571, ¢ g ml WL AE
BT 1) DX I 25 S ) T NDVI B i 22 £k
PR RS i R BE LN 1 NDVI 322 g e 1 4% HE R
AR NDVI R s g R BT Y NDVI 3228 S
ORI A A DR NDVI R4 &7 s A2 B
A NDVT SEAS Rz e 55 1l 1 K 34+, DR it NDVI 43
AL S BER . dy g T DU B NDVT A 3 ]
X3 A AR BN A A

3 I I | R O B 7

. £\ —iam
| - st =NV
e MEA A T Ja"

=4 - i
_i Py wo |
= "

L il e IR [iF] e e 0T 1]
RV

7 Wi EH CKBARZEMITS S

2.2 AR SERBRME SR

Raf 7R RIS TR 5 M b 9 A B 7 5 A P 1 EE 21
REER™ . HEABIE IR IX NDVI 25 8] 43
A 25 5 L 2 i3 AN AR B 2003—2017 4R £
ARV B K JR IR AU 0 A TB] s B K RN AT B v o3 A
TEBEERI X B (F &), &k xf b &8 mAR B
KoK 43 A3 [l 24 (286 mm, 587 mm) » {H 4 43 7 78
400~500 mm, F-HIfE7K A 455 mm, SRS
H(5 C.6.9 OB fitE 3~5 Cs Bl
IKAYARTE I (320 mm, 717 mm) - SEHIE M 553 mm.
IIATECAIA] SRS AEE N (—3.2 'CL3.08 O,
Gy S EERR, H R B R 2 A3 A AE (2~4 C)
A(—1~1 O FBEN 0. 34 C Bl K53
AATEFE K (241 mm, 533 mm) . FYE K 377 mm, 7E
250~350 mm [X [a] 43 A7 5 Ry £ v, SR 43 A i L R
(—6.6 C,—17 O, FHREEHN—3.87 C, Kl
FEI R B U 25 [R] 43 A5 4 Ry » AT LUt B
TR IR S5 AR AT HR 3B DB R . R /K o A v
Bl s et 7 s B I e /b K R AR
T 10 PG A 3 0 1 s o 33K 2 TR Oy D B R RS- 2
TR 0 AR 3 S K ORI L . MUK IV & 4%
RFE B L IREE s Bk D J T B X
B GRS BRK 2 JR e B X0 o 7 B I 3 )
KBk, B TR X, 3 A E Bk & &1
BAFR R R BE L O SRR 1 SR A
IR R 2%



ZH.E ETHESBMETIEER NDVI AR = 8 24 4 R

i)
TR
HN piT|
E =
2w =-dinif
L h i
1""| i
L1 )
T 1 Tl = =30
Tein' 1
1@ b 00 1

SR L= e € AR I

-

FEEI

1]

[

-k
=5 -2

L]

]

5 A B | e T S ST
Tonil 'L Temir

= Kl

8 ARERBRKRZFHSHEEX L

2.3 RFE FHA2HE NDVI 5K #% B F v &

$ 2003—2017 4EB4E NDVI 53 0 ok &
G SIABORE D A BT s IR ¢ 656 Ty vk o) L i 2 v
IR 6 AN JRl R BE N NDVI 5 7K S4B i A0 26 1
2[Rl AT R R GE P45 R UL IR 9,10, 25 SRR, ki
USRI S K2R L K B a5 S 3%
PR f AR DG B IE AR G, 5 3 R SR Y X
Wit L% KRS A XA
I REEE X NDVI A W E 5w N A A A . &
FEEL T 9 NDVI 5FE/K 5 2 B3 B3 EAEH

NI A P P R !’ :

o M C15H
=i a7

{a ) NOVISEE R | Fue

[

= ﬂdi'.?m
b s : "

‘ %IM-.:" r‘
N‘

NEVEE Tembt S A B

_.Jj .76
=iz, -0

XI5 59. 3% LA 4. 3% [ X NDVI 55 i
AR B A SRR N 12. 60 X
I NDVI 5 F8K & 2 88 B E A ¢ (B 5 <R
MR R A SR IR A 44, 1065 R AR BN
WA 43. 4% X35, NDVI 5[k B 80 5.3 B 1E
A AH 5 S TR R AR B I AT S ) X R A
8.2, =AmEREBIN, MBS iR IR T
AHARLA AR B NDVI 55 K it A ST, 53
LA 5 22 i v FR BTV B Y 1 M B A
NDVT 55 H R 5 T 5 R K S A O E

W
nal"-[-: l

NIVES Prei B {50l 2
— =
=15 (A T

MRt B R o

NITVI & T BEEA
o P 1 (LEH
b | LA 4 {1

O WDV SR | Tem ) MO Xt o] o
9 NDVI SK#AEFHIEREZE=ESH

454 B3O =A R BON K BGRE AAR SR Y
TR B B AR AR RN TR A NDVIT 32K #4
P IR Sl A AN . Bk BEBUR A R R B | ATy
Pl N NDVI F2 2252 [ K - 1 820 » K
TE LR I 5 NDVI g £ N F =S|, ™~
AR R B B A T BRI TR m AR B T XA
P AR B AU 5 K B =2 | K o AR A

WA R I3 BRI K - B K 3 I RE 5 38 i -
BRI AR A R AR AT R K S (AR it
XA Ve X P w2 X NDVI SRk i
B A SC AR, XF T R K R AR R T e AR
Bl Koy & i A A KA 32K o3 46
P R A o 935 70K X AL A P A AR DL A 2 Dl 55 » 1L
I 22 O M AR AR R0 2 2 1

HTRARLERFFZRAELE » 43



F18& F 4 M ARG AR A (FHEIO

2020 4 8 H

:E ai D S 1 Uk
- T | ELL! b=t
= N B | (] I =136
e TE]1
= A= ¥ A%
(il R I TTA [}= 1.2
iR M o NS e LR RN o B a R L
B 10 NDVI 5k#HEFHEXMESRITER
3 8 it

AR SCHR G NDVT i = i A% 1 3406 iF 5% 1X i
TT R FRBA 2 T T AN [ o R B D9 AR 0 A 2
R KNG G S5 43 A R AE LA S NDVI 5 K $4H 7
FIA G, EEABIR .,

(D FEEE 1 Y 3 BRI A AR R, oo
BT PN 5 B 5 28 2R g b ot R e R B T P 3
AREFFM, 3 FAFER 2R NDVI HA ARF
Ay . M NDVI 43 A 358 0 #2 5, B NDVI
Gy AT RS FLES BE R A NDVIT 23 A 230 1E
BArAE HAF S E RN M > S > . (2) 8
T 5 DX A 30 3 A s R 388 UK 114 4 () A7 4 J
Rk S B AR () PR AL D e 3 . e R B LI
1o B K b T T TR X e R IR v L Rk
Z @A MR RS, ok &0 8 T8
DI, mREB [ KA G A it o 11X,
FRE KSR 22 . (3) A [i) v 8 B PR Rt 4
H AR5 A A B NDVI Z K TR 9K shiPE AN
R K SR i PR B TR e R B T NDVT 3257 [ K
PR (14 S ) 8 K o = i 1 = A2 Bt 1T 520 NDVT 1
FEHA TR

S % 3Lk

(1] (55, T E K. R, S AP AL 5 K SCIG ER
IRFFEH R B e B . K B I8 5 K TR, 2016, 27
(2):1-5. DOI: 10. 11705/j. issn. 1672-643X. 2016. 02. 01.

(2] XS24, & 5 55, 2000— 2016 45 B 5 XA B
NDVI 224 a3 K s mi [ 2 LT ], oK AR 5052 2019, 26
(3):86-92. DOI:; 10. 13869/j. cnki. rswe. 2019. 03. 013.

(3] WhZKGBE » & R B, RS o S5, B0 DX A fk 1) I D e 72
A XL =5 e K S oz [T . K 1R 45 2013, 35(4)
920-928. DOI:; 10. 7522/j. issn. 1000 0240. 2013. 0104.

(4] BRIEAHAROR, B . 2R XA g A2 1 ZF NDVI B
23 IR R X A AR A by e iz [T ). AR S R AR AR 4R
2012,21(7):1205-1210. DOI; 10. 3969/j. issn. 1674-
5906. 2012. 07. 005.

(5] sEPHF i, i 40, 45 35T NDVI 8 X A K 2
e 2 A S e - DG R L)L L4, 2018,

e 44 o RTARLAGPIZAETALEL

[6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

36(2) :184-193. DOI: 10. 16089/j. cnki. 1008-2786. 000314.
FEETT AR TN A5, YR XA 5 R SR
FUREAR B REDFSELT | BEIRL . 2015,37(3) - 512-521.
HAYEEN, &A% IR E L 5. B X 4 MR/
AR CLUCCO) F 5 [ 1. vk 1 5 £, 2014, 36 (3) 2 573~
581. DOI. 10. 7522issn. 10000240. 2014. 0068.
B, A L AR 4. FE T ASTER-GDEM £ 14
BT XA 3 1 A% 434 L) ). A LT, 2012, 39(5)
1247-1260. DOI: 10. 3969/j. issn. 1000-3657. 2012, 05. 012.
RIS JRAR TG, B, VTR IX BE B A R0 ND-
VISR ez i) 2 SR TE L) . AR SR 244 2010,
19(6) :1284-1289. DOI: 10. 3969/]. issn. 1674-5906. 2010. 06. 004
TRAS ARG AT S M, S5, MU 75 9 S A /K A T
K s )3 A B2 e L) ] KR 9E )i, 2007 (3)
319-326. DOI; 10. 3321/j. issn; 1001-6791. 2007. 03. 002.
FEWRIG . #2278 . %, BT DEM & 1E ) MODIS 4,
FOREE = s R EL) ] HuBR(F B2 242 . 2018, 20
(12):1768-1776. DOI; 10. 12082/ dgxxkx. 2018. 180340.
g AL, SRR . ZE 4. BT DEM WS IR (1 )y A
FE[)7]. TRA4.2009,27(1) :10-17. DO 10. 3969/j.
issn. 1006-7639. 2009. 01. 002,
GG AR 3] DX K TR B G R Y
rHLCL P EBG SR 25 T R EARE ST
AL 2007:110-113.
BEE T U, 5. 75 980 R K R B R0
R Hezs [E) o A AU LT 1. 2= 40, 2007 (6) £ 655-663.
DOI: 10. 3969/j. issn. 1008-2786. 2007. 06. 003.
BHREE T I 5. 7 980 SRR K A B 3
R HOKBEDRELC. 2005 5 58 i I R85 5 2 AL WF i 2
WS B 44, 2005 17.
TARAE Bl , A P 1, 4. TR VR KK SO P T
TR ML) ). AKRkA R, 2013, 24(3) . 311-318.
WREZ G, shIRE LML dbat . Bb2 it 2011,
GAO QZ,LI Y,WAN Y F,et al. Dynamics of alpine
grassland NPP and its response to climate change in
northern Tibet[ ]J]. Climatic Change, 2009, 97 (3-4)
515. DOI: 10. 1007/s10584-009-9617-z.
BRGE, B BGE T2 W S B AR M. Jb 5t <
S At . 2007,
IRERNZE , SRV AR, R A — AL e SO s A e o7
A THBSSARANIE P TR R L) ] S S MR
2004(4) :687-696. DOI; 10. 3969/j. issn. 1006-9585. 2004 04, 013,
NA L, QIAN F. Multi-objective evolutionary of distribu-
tion algorithm using kernel density estimation model
[ C]. Proceedings of the 8th World Congress on Intel-
ligent Control and Automation. 2010 2843-2848.
DOI: 10. 1109/WCICA. 2010. 5554745.
TROGZE RGBS QR T S b R K
FARAE P M [ . A= 252 4l 2003 (2) : 221-230. DOL:
10. 3321/j. issn: 1000-0933. 2003. 02. 001.
KICIL . v AR iR 75 R I P AR B K AR RS NDVI
173 18] 43 47 b Jmi L) 1. B B 5, 2006 (5) ; 877-886.
DOI: 10. 3321/j. issn: 1000-0585. 2006. 05. 01.



518 % 55 4 K AL I 5 KRR B Crp3E 30 Vol.18 No. 4
2020 4 8 H South-to-North Water Transfers and Water Science &. Technology Aug. 2020

+ ¥ 3 (Translation)
DOI;10. 13476/j. cnki. nsbdgk . 2020. 0071

Distribution pattern of NDVI and
hydrothermal conditions in the Yellow River

Headwaters based on elevation section

JIANG Xintong"?,LI Shu’,ZHOU Zuhao® ,PANG Liang',
YAN Ziqgi*, LAN Yunlong®,ZHU Jiasong®

(1. Engineering College,Ocean University of China, Qingdao 266100, China;2. State Key Laboratory of Simulation and
Regulation of Water Cycle in River basin,China Institute of Water Resources and Hydropower Research, Beijing 100038,
China; 3. Xining Hydrology and Water Resources Survey Bureau of Yellow River Conservancy Commission, Xining 810008,
China; 4. Civil Engineering College, Shenzhen University, Shenzhen 518000, China)

Abstract ;: Different datasets (MODIS13Q1 NDVI,DEM, LULC, and meteorological data) were used to study the regional differ-
ences of the spatial distribution pattern of NDVI and hydrothermal conditions in the Yellow River Headwaters. The distribution
pattern of vegetation and hydrothermal conditions and the correlation between NDVI and hydrothermal factors were analyzed
and investigated based on three elevation sections (section <3 400 m,section II 3 400 m~4 200 m, section III™>4 200 m) ,re-
spectively. The results showed that: the main type of vegetation in the Yellow River Headwaters was grassland, which accounted
for 75% of the total area. However, forest and farmland areas accounted for 7% and 1% , respectively; farmland was mainly dis-
tributed in section | and the forest was mainly distributed in section |[ , while grass grows in all three sections; the average
NDVI of different vegetation types ranks in this order: forest, grassland, and farmland; moreover, the temperature displayed a
spatial distribution pattern of decline gradient,and the precipitation represented a declining trend from southeast to northwest;
the three partitions have different hydrothermal conditions, section 1 belonged to the arid region, section II belonged to the
moist-heat region, and section [l belonged to the dry region,respectively;section ]| had the relatively best hydrothermal combi-
nation conditions, which was followed by section [ ,while section [l had the worst of three partitions;the results also revealed
that NDVTI was driven by different hydrothermal factors in different sections; the main factor that affected the growth of vegeta-
tion in section I and [[l was precipitation, while in section II, the temperature is the main factor while the rainfall was abundant.

Key words: NDVT; hydrothermal condition;distribution pattern; Yellow River Headwaters; elevation section

Climate change, vegetation change, and its munity, which is also a basic scientific problem in
hydrological effects have become the hot issues of water resource utilization and ecological engineer-
social concern in the international scientific com- ing construction'’. As the "water tower" of the

Received: 2020-03-16 Revised: 2020-04-10 Online publishing: 2020-04-14

Online publishing address: http: //kns. cnki. net/kems/detail/13. 1430. TV. 20200414. 1407. 002. html

Funds: National Key Research and Development Program(2016 YFC0402405) ; National Natural Science Foundation of China(51779270) ; Na-

tional Key Laboratory Project on Watershed Water Cycle Simulation and Regulation(SKL.2018TS04)
Author brief; JIANG Xintong(1993-), female, Tonghua Jilin Province, engaged in remote sensing hydrology research. E-mail; JXT_OUC®@
163. com

Corresponding author: ZHOU Zuhao(1975-) ,male, Wuhan Hubei Province, engaged in the research on the simulation and regulation of water-

shed water cycle and associated processes, is a professor-level senior engineer with doctoral degree, E-mail; zhzh@iwhr.

com

HTRARLERFFH5AELE « 45



Vol.18 No. 4 South-to-North Water Transfers and Water Science &. Technology Aug. 2020

Yellow River,the ecological environment quality of
the Yellow River Headwaters has an important im-
pact on the ecological environment of the down-
stream region. Therefore, it is of great significance
to study the vegetation status, climate conditions
and their response relationship in the Yellow River
Headwaters. The climatic factors play a major role
in promoting vegetation growth”). Studies have
shown that the climate pattern of the Yellow River
Headwaters has changed from "warm and dry" to "
warm and wet" since the late 1980 s/, and the
vegetation growth in the Yellow River Headwaters
represents an improvement trend'*’. Researching
on the response relationship between vegetation
and climate factors in the Yellow River Headwa-
ters, some scholars consider the precipitation as the
main factor affecting vegetation growth'™, while
others consider that vegetation cover is more sensi-
tive to temperature change'™. Given the complex
topography and significant elevation difference in
the Yellow River Headwaters, the distribution pat-
tern of NDVI in different elevation sections has not
been fully considered in the previous researches. In
this study, the study area was divided into different
elevation sections according to the vegetation dis-
tribution with elevation. The distribution pattern
of vegetation, the hydrothermal conditions,and the
correlation between NDVI and hydrothermal factors

will be investigated in different elevation sections.
1 Materials and methods

1.1 Study area

The Yellow River Headwaters has a terrain
of high in the west and low in the east, reaching
Bayan Har Mountain in the west, Minshan Moun-
tain in the east, Qionglai Mountain in the south,
and Gonghe Basin in the north, surrounding
Anemaqing Mountain with the Tangnaihai station
as the outlet of the catchments'’’. The catchments
are located in the region between 32° 09’ and
36°34'N and between 95°54" and 103°24'E with
a combined drainage area of 130 000 km?. The
Yellow River Headwaters is a high-altitude basin
with an elevation of 2 438 ~6 169 m and an average

elevation of 4 473 m, representing an NW-SE banded
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basin landform, and the main landform of which is
plateaus, mountains, and hilly plateaus™®’. The natural
environment in Yellow River Headwaters is diverse
with widely distributed alpine vegetation, where
the main types of vegetation are alpine shrub, al-
pine meadow,and alpine grassland'.

1.2 Data source and processing

The normalized vegetation index(NDVI) data
used in this paper are MODI13Q1l from 2003 to
2017 obtained from NASA, with a temporal resolu-
tion of 16d and a spatial resolution of 1 km. The
MODIS Reprojection Tool (MRT) technique was
used to splice and reproject the remote sensing im-
age. The NDVI band and the mask were extracted
in ArcGIS. Given the presence of surface land-
scapes such as rivers, lakes, rocks and bare soil in
the Yellow River Headwaters, where NDVI value
is less than zero, the raster calculation tool in Arc-
GIS was used to remove non-vegetation areas by
setting the pixel value as null. Finally, the Max
Value Composition(MVC) method was used to ob-
tain the monthly NDVI Value. April to October is
the vegetation growing season in the Yellow River
Headwaters, thus the annual average from April to
October is regarded as the annual NDVTI value. The
multi-year average spatial distribution of NDVI in
the growing season from 2003 to 2017 is shown in
Fig. 1(a).

The meteorological data from 12 stations with
daily precipitation and temperature from 2003 to
2017 were obtained from the China Meteorological
Administration(CMA). The Yellow River Head-
waters is located in the eastern part of the Qinghai-
Tibet plateau with a significant elevation differ-
ence, where the precipitation and temperature re-
present an obvious vertical distribution trend!'".
Therefore, Inverse Distance Weighted (IDW) spa-
tial interpolation based on the DEM correction
method was used to process meteorological da-
tal'. The vertical lapse rate of temperature is an
important factor affecting spatial interpolation ac-
curacy-'?'. A linear regression model was established
by using the multi-year mean temperature (T) and
monitoring station elevation(h) of 12 meteorological

stations in the study area(Fig. 2). The regression
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model equation of T and h is T= —0.005 5h +
21.41 with the R? of 0.867 6, which determined
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Fig. 1 Multi-year average spatial distribution of NDVI, temperature, and precipitation
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Fig. 2 Regression model for multi-year mean temperature and

station elevation of meteorological stations

The annual precipitation in northwest China
increases with the elevation, with a range of
1~18. 13 mm/m"*, Studies have shown that the
precipitation on the Qinghai-Tibet plateau has gra-
dient changes and the precipitation in the eastern
region increases by 6 ~ 22 mm per 100 mM'*",
Hao''*) analyzed the rain measuring station in the
Yellow River Headwaters and concluded that the
vertical change rate of precipitation was +20 mm/
m. Therefore, the vertical change rate of precipita-
tion was selected as + 20 mm/m in this paper.
Based on the vertical change rate of temperature
and precipitation, the data of monitoring station
were revised to the geoid, then IDW method was
used to interpolate the meteorological data in Arc-
GIS and combined with DEM with a spatial resolution
of 30 m,the temperature and precipitation data on the
geoid were revised to the normal elevation. The spatial
distribution of multi-year average temperature and
multi-year average precipitation from 2003 to 2017 is
shown in Fig. 1(b) and Fig. 1(c).

1.3 Correlation analysis

The correlation analysis between NDVI and
temperature and precipitation in the Yellow River
Headwaters from 2003 to 2017 was carried out.
The correlation coefficient was denoted as R

(X=X Y, —Y)
Rt : M
SX XS

where X; is the NDVI in a given year; T is the

multi-year average for NDVI;Y) is the temperature
or precipitation in a given year; Y is the multi-year
average for temperature or precipitation; n is the
length of study period which is 15.

test''™ was used to test the significance of

the correlation,and the formula was as follows

T2
t=R ‘/1n—RZ (2

where ¢ and R are testing statistic and correlation

coefficient, respectively, The grade was divided into
5 grades according to the correlation coefficient and
significance test''®), which are extremely significant
negative correlation (R<C0, P<C0.01), significant
negative correlation(R<C0, 0. 01<CP<C0. 05) , non-
significant correlation(P>0. 05) , significant positive
correlation(R>0, 0. 01 <CP<C0. 05), and extremely
significant positive correlation(R>0, P<C0. 01).
1.4 Elevation section division

To study the distribution of NDVI with eleva-
tion in the Yellow River Headwaters, sample
points at equal intervals in the research area were

selected in ArcGIS to extract the elevation and the
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multi-year average NDVI. As can be seen from the
change diagram of NDVI with elevation(Fig. 3(a)).
The NDVI value first represented a trend of in-
creasing with elevation, then increased dramatically
after reaching a certain altitude, followed by the
trend of slowly decreasing with elevation, then re-
presented scattered distribution after reaching a
certain altitude. The #-test method was used to find
the mutant point of NDVI with elevation. The
Double population z-test is a method to test the
mutation by examining whether the difference of
the average value of two groups of non-correlated
sample sequences is significant’. If the difference
of the average of the two groups of samples ex-
ceeds the significance level, the two groups of sam-
ples are considered to have a mutation. The indexes

were calculated as follows
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where Si and S% are the variances of two samples,
respectively;n; and n, are the averages of (X;) and
(X,) .respectively. In this paper,the NDVI of the
sample points was divided into one group per
100 m elevation, and every two groups of sample
points were tested by double population ¢-test at a
95% confidence level to detect the mutation of ND-
V1 with elevation. As can be seen from Fig. 3(b),
there was a significant difference in NDVI between
the two groups at altitudes of 3 300~3 400 m and
4 100~4 200 m,which can be considered that ND-
VI mutated at altitudes of 3 400 m and 4 200 m.
Therefore, the elevation of 3 400 m was set as the
first dividing line of the elevation section, and the
elevation of 4 200 m was set as the second dividing
line of the elevation section so that the whole study
area was divided into three vertical sections of the
section [(<Z3 400 m) ,section [[(3 400~4 200 m) and
section [[[ (=>4 200 m).
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Fig. 3 NDVI distribution with elevation and mutation detection results

The schematic diagram of the elevation sec-
tions in the study area is shown in Fig. 4. Section
I is mainly located in the northeast of the study
area, with an average elevation of 3 105 m and an
area of 9 137 km?, accounting for 7% of the total
basin area, while the NDVT is distributed in[ 0. 03,
0. 5], with an average value of 0. 26; Section [ is
mainly located in the southeast of the study area,
with an average elevation of 3 731 m and an area of
57 744 km?, accounting for 45 % of the total basin
area, while NDVTI is distributed in[ 0. 26, 0. 66 ],
with an average value of 0. 55;Section [[[ is located
in the northwest of the study area,with an average
elevation of 4 441 m and an area of 62 094 km?,

accounting for 48% of the total basin area, while
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NDVT is distributed in[ 0. 09,0. 56 ], with an aver-
age value of 0. 34.
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Fig. 4 Schematic diagram of the elevation sections
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2 Results and discussion

2.1 Vegetation distribution patterns in
different elevations

To study NDVI, we should first understand
the distribution of vegetation in the research area.
The land use maps of 2000 and 2015 were select-
ed for the transfer matrix analysis, and the results
showed that the change of forest and farmland ar-
ea is less than 0. 1% and that of the grassland ar-
ea is less than 2%. It can be considered that the
land use in the Yellow River Headwaters had
barely changed from 2003 to 2017. Therefore,
the land use maps of 2015 with a spatial resolu-
tion of 1km was chosen as a typical year to ana-
lyze the vegetation types in the Yellow River
Headwaters. Fig. 5 shows that: the types of vege-
tation in the Yellow River Headwaters are grass-
land, forest, and farmland, the grassland is the
main type accounting for 75 % of the whole area,
followed by the forest, which accounts for 7% of
the whole area, while there is a small amount of
farmland in the northeast, which covers only 1% of

the study area.
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Fig. 5 The Land-use map of the study area in 2015

The land use map was superimposed with the
elevation sections to obtain the proportions of dif-
ferent vegetation types in different elevation sec-
tions(Fig. 6). The vegetation area(forest, grassland
and farmland) accounts for 73.39% of the total
land-use area in section | ,where the main types of
vegetation are Farmland and grassland, accounting
for 16.79% and 79.46%, respectively, and forest

land accounts for 3. 75%; The vegetation area ac-
counts for 87. 52% of the total land-use area in sec-
tion ]| ,where the main types of vegetation are for-
est and grassland, accounting for 14.25% and
85. 61% ,respectively. The vegetation area accounts
for 78. 82% of the total land-use area in section I
97.02% of which is grassland, and the forest only
accounts for 2. 98%.
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Fig. 6 The proportion of different vegetation types in

different elevation sections

NDVTI is closely related to many parameters of
vegetation, which can reflect vegetation differences
and vegetation growth trends'?). Therefore, the
NDVT of different types of vegetation differ. Kernel
density estimation probability distribution is a non-
parametric estimation method that can reflect the
distribution of samplest?”. Three types of vegeta-
tion (forest-L., grassland-C, and farmland-T) were
extracted and their annual average NDVI values
were estimated for kernel density distribution to
explore the distribution characteristics of NDVT of
different types of vegetation(Fig. 7).
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Fig. 7 Kernel density estimation distribution of forest.

grassland,and farmland

It can be seen from the comparison that the
average NDVI of the forest is 0. 52, which is the
highest, followed by grassland, which is 0. 43 and
that of farmland is 0. 32 which is the smallest.
The distribution characteristics of NDVI in the

three vegetation represents diversity. The distri-
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bution of NDVI in forest is relatively concentrat-
ed, that in grassland is relatively uniform with a
large span, and that in farmland is close to the
normal distribution. According to the determina-
tion of upper and lower limits of 95% confidence
interval, the distribution range of NDVI in forest
is[0.27, 0.65], that in grassland is[ 0. 14,
0.64], and that in farmland is[ 0.13, 0.57 ],
which conclude that regional differences in the dis-
tribution of vegetation types caused the character-
istics of NDVI changing with elevation. NDVTI in
section | mainly represents the farmland and
grassland, where NDVT is small; NDVTI in section
I mainly represents the forest and grassland,
where NDVT is higher; NDVI in section [l only
represents the grassland. These may explain why
NDVT is scattered.
2.2 Hydrothermal conditions in different
elevations

Precipitation and temperature are two impor-
tant meteorological factors affecting the vegetation
cover?), The joint distribution map of the multi-
year average hydrothermal conditions from 2003 to
2017 in three elevation sections(Fig. 8) were drawn
to explore the causes of the spatial distribution
difference of NDVI in the Yellow River Headwa-
ters. The distribution range of precipitation in sec-
tion | 1s(286 mm, 587 mm), while concentrated
between 400 mm and 500 mm, The temperature distri-

bution range in this region is(1.5 C,6.9 C), and

concentrated between 3 C and 5 'C; The distribu-
tion of precipitation in section [| is relatively uni-
form,ranging from 320 mm to 717 mm with an av-
erage of 553 mm. The temperature distribution
span is large and presents a the bimodal type in
this region, ranging from 3.2 C to 3. 08 'C with an
average of 0.34 ‘C but concentrated between 2 C
and 4 C and between—1 ‘C and 1 'C ; The distribu-
tion of precipitation in section [[[ is relatively con-
centrated, with the range of 241 mm to 533 mm and
an average of 377 mm, while concentrated between
250 mm and 350 mm. The temperature distribution
in this region ranges from 6.6 C to 1. 7 C with an
average of 3. 87 ‘C. The spatial distribution pattern
of temperature is gradient decreasing,and the ther-
mal condition follows the law of altitude decreasing
with the elevation. While precipitation is decreasing
from southeast to northwest. This is because the
Indian Ocean and the Pacific Ocean are the main
sources of water vapor in the eastern part of the
Qinghai-Tibet plateau'®. From the point of hydro-
thermal conditions, section | belongs to the arid
region with high temperature and less precipitati-
on,and section ][ belongs to the moist-heat region
with high temperature and much precipitation, and
section [[[ belongs to the dry region with low tem-
perature and little precipitation. Section ]| has the
relatively best hydrothermal conditions, which is
followed by Section | , while Section [l[ is the

worst of three partitions.
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Fig. 8 Comparison of distribution characteristics of hydrothermal conditions at different elevation sections

2.3 NDVI responds to the hydrothermal
factor in different elevations

The correlation analysis of annual NDVI val-

*+ 50 ¢« HATARLAGKPIZATAEL

ue, temperature and precipitation from 2003 to
2017 was carried out respectively, and its signifi-

cance was tested by t-test. The spatial distribution
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diagram and statistical results of the correlation be-
tween NDVI and hydrothermal factors in different ele-
vation sections were shown in Fig. 9 to 10. The
results show that the vegetation and climate factors
in most areas of the basin were non-significant cor-
relation or significantly positively correlated, and
few areas were significantly negatively correlated,
but almost none were extremely significant nega-
tive correlation. There are differences in the factors
that have a significant influence on NDVTI in differ-
ent elevation sections. In section [ , the areas
where NDVI is positively correlated with precipita-
tion account for 59. 3%, but only 4.3% are posi-
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tively correlated with temperature. In section | ,
12.6% of NDVI was positively correlated with
precipitation, while 44. 1% of NDVI was positively
correlated with temperature. There is a positive
correlation between NDVI and precipitation in
43.4% of regions in section [I[ , but only 8.2% of
regions with a positive correlation between NDVI
and temperature. Section | and section [[ show
similar characteristics that NDVI has a good corre-
lation with precipitation and a poor correlation
with temperature, while section ]| shows the oppo-
site characteristic that NDVTI has a higher correla-

tion with temperature than with precipitation.
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Fig. 9 Spatial distribution of correlation and significance between NDVTI and hydrothermal factors
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Fig. 10 Statistical results of correlation between
NDVTI and hydrothermal factors

Combined with the analysis of the distribution
pattern of hydrothermal conditions in the three ele-

vation segments in the previous section, it can be

found that NDVI is driven by different hydrother-
mal factors with different natural conditions. The
main factor that affects the growth of vegetation in
section I and [ where the precipitation is less,
while that is the temperature in Section II where
the rainfall is abundant. The reasons for this result
may be that the climate of section I and [Il in the
north is characterized by drought, water scarcity,
and low soil water content, where vegetation
growth is greatly restricted by water. The increase
of precipitation can increase soil moisture, which
can provide sufficient water for the growth of vege-
tation, and promote the photosynthesis of plants.

Therefore, NDVI and precipitation are positively
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correlated in these two elevation sections. And for
section [[ with abundant precipitation and high soil
moisture content, vegetation growth will not be re-
stricted by water conditions so that the influence of
precipitation on the growth of vegetation will be
weakened, and then the temperature will become

the main factor affecting the growth of vegetation.
3 Conclusion

In this paper, the distribution pattern of vege-
tation and hydrothermal conditions were analyzed,
and the correlation between NDVI and hydrother-
mal factors was investigated based on three eleva-
tion sections The main conclusions are as follows.

(1) The main type of vegetation is farmland and
grassland distributed in section [, and that are forest
and grassland distributed in section II, while there is
the only grassland distributed in section [[l. The NDVI
of different vegetation types shows different distribu-
tion characteristics. The NDVI distribution of forest is
relatively concentrated, while that of grassland is rela-
tively uniform with a large span,and that of farmland
is close to normal distribution. The average NDVI of
different vegetation types ranks in this order; forest™>
grassland™>farmland.

(2) The temperature represents a spatial distribu-
tion pattern of gradient decline, and the precipitation
represents a trend of decline from southeast to north-
west. Section | belongs to the arid region with high
temperature and less precipitation, and section [[ be-
longs to the moist-heat region with high temperature
and much precipitation, and section [[[ belongs to the
dry region with low temperature and little precipitati-
on, Section || has the relatively best hydrothermal con-
ditions, which is followed by section [, while section [[[
is the worst of three partitions,

(3) NDVI is driven by different hydrothermal
factors in different sections. The main factor that
affects the growth of vegetation in section I and [l
is precipitation where the precipitation is less,
while that is the temperature in section II where

the rainfall is abundant.
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