5533 %453 ) H &
REMOTE SENSING FOR NATURAL RESOURCES

2021 4£ 9 J

BE Vol. 33, No. 3
Sep. ,2021

doi: 10. 6046/ zrzyyg. 2020329

Sk T4k, T4, % & 5. 35T MODIS_TVDI/GNSS_PWV [ 2 B4 T 54 IF 25 4047 [ 1], 4R ¥ 18 Jk, 2021, 33
(3):202 -210. (Yu W,Ke F Y,Cao Y C. Spatial — temporal analysis of drought characteristics of Yunnan Province based on MODIS_
TVDI/GNSS_PWV data[ J]. Remote Sensing for Natural Resources,2021,33(3) :202 -210.)

3£ T MODIS_TVDI/GNSS_PWV [¥]
A T RR R 2 o i

1 o - g2
T 4%, Aiam, ¥ x5
(L. EZERIBAFERSNLITESK, @ 210044;

2. FERZRAALEN PN, AT

100081)

W : O T AT T S I A A 0 0 53 3% TR 555 0 R /R 38 2% 0 B, A< F 9 il MODIS _TVDI fi
GNSS_PWY ek, RFHISEHE AN [0 50745 )7 i BP9 25 B 20162020 4F 72 T SUARAERT 255 k. BF9csh
W] : TVDI 345 HE AR S WD BT LN 2 A e, 775 1L, S0 52 PG 1 L B 3R A 285
1, 2R S S R R e, T 34 ] 0y A LA R W . B Ab, JE T Pearson AOCAMHT I i &
BLPWY il TVDI e B I AGHE  FE RS b, AC R BOLA KT 0.5 761 R |, PWV A8 fbia#h 15 TVDI
A A, (7 TVDL A AT — 5 WA I AESR 5 75 FRLBE |, L F 2 W FAG 39, PWV 28 fl Al TV 28 e
AU, B T — T SRR 5, P PWV O S0 e S T —FhBr iR TR

SEGE: EERBE T MG KT HIEHEAT s 2

REESES: TP79  THEIRER: A

0 F=&

W E L2 B IGEmR R E R Z—, L4
o, TR B T T R B e D S R A
K R 2T T BRI, BT R
22 LM I 3R B s (R FE B AT
7 FEIFE B/ L2 3 s A A S ok 3 R AR 1Y
R SRR TR T IX —XERL, MODIS {2 Hh 43 #F %2
BT, H AT R B R IR —.
15 B A g T 5238 %X (temperature vegetation dryness
index, TVDI) J2& i &1 5 W Il v i R A0 O 125, B
e 5 R R b 2 il B A 2 AT R G AR, R T
S SRR A, AT LR B o T AT A0
AN ) M 2 T Y T 546 00, B AU SR IBUR iR 4 %, i
RRfTEL | R 2 2 B AT IR SE . An E bk
F ] 2000—2015 £ Ry R[] 7 51) MODIS £ 4 $2 e
b U B FIAE WA BRI A 2 TV, PAAE s RUEE 3]
Z1 RUBE ST AT 1 B gl 2R )23 A S B ) I s

Wi B EE: 2020 -10 -19; f&iTHEA: 2020 -12 - 16

XEHS: 2097 -034X(2021)03 -0202 -09

SRR, 38 G A S A 2 IR 55 A T 3k
UESE T HEE A St AT S 5 X 3EEHE TV-
DI FRePU 4 T 5 M, R R T g R T 521
ERREE, B TVDL fE T 5 W o — &
F 15 MODIS i [] 73 ## AR A, M L FEAT 92 i 51
4RI 8

KA AT FE K i ( precipitable water vapor, PWV)
VERRAPEEM NI Z —, SRR TF B F 2l 2
BRSH T A2 & 4 (Global Navigation Satellite System,
GNSS) AF TR Al % o L G i s
il A DR A v, (E G i i /D HARIBUBURAIG, B =
—E M LEPE" GNSS 38 B iy H BUAR P 173X — 7]
A T AR IS PR S A R R
BN 2 AR S PWV I i 325
PWV J& KA A oK I BR Al , 2 PG 25 ik 8
WA R BB, SR LG Em ML i
FRZBFRN G RN, F Alshawaf & 3 PWV 725 £k
LR R B — o MU, BRI E A BT 1°C,
PWV 5 1 [l P9 = A e85 Wang X MR

EEWE: “ERARBAIEE" (Hi5: 41674036) ; “TLIHH ANRAARIE FIZRAADHE” (45 : XYDDX -045) [ “ P47 il Bl4¢

HRIBUHE” (452 2019 - Y - 12) JLRBE B

E—E: T 41997 ) P, LB, £ %IRRT L GNSS K ABFIT , Email: 2232446236@ qq. com,
B (EE : WIRIA (1981 - ), 53 SB2, E M ONSS TG0 % KHURAEH . Email; ke. fuyang@ qq. com,



%3 19

T 4E,%: T MODIS_TVDI/GNSS_PWV {4 = p 48 T FAFAERS 23 73 - 203 -

PWV Wil T ORI it B . EIRBEST
R, PWV TR ICH Wiy w2 AR KW 1, (H
TES G W S o 80 o

MODIS 4l |3z i F 1 5 1 I 45 05, e 8 52
B2/\ 2N A 9 R U R 1 18 W 11 B o % 27 Ao
GNSS PWV VE—FB i HeR B IE R K FH I
W T BARKIE ), HA & s B, A,
AL w4 R, A MODIS )48 8% 45 540™
(normalized difference vegetation index, NDVI) Flih
IR E P75 (land surface temperature, LST) #4%2 TV-
DI, DASGHIE PWV 7515 W i v ) 1, W] e i 47
T EFRRIE I s A 3 A

(ISR W& - il

1.1 FRR#HR

AN TRERE X, Ak N21°8" ~29°
15", E97°31" ~ 106°11" Z [a], M3\ I, 448 b 54
B IR K 6 000 220K, B LR R IR
PRl R F Y, EE DAL ARy L A E
A R 84% o Sk L, EE NG B
J 2 MRS e, 4 Al B H ik By, 209 20 C L i
RAE— A0, 2407 CAFERZELA N 11 C; &4T
i ani IR S Sl T A SRR o 1 1P ) S /1
BpiE) s, B 2 AR AR 5—10 J 0 11 A —RAF
4 HFEmE D, 250 b, R R 2 X AT ik 2 200 ~
2 700 mm , H/DHX A 15 584 mm, FIH HFKZ N |
BLEZRNG, TRRAIRE KIS F R M AR
W B 1 MBS X FE R K CORS ¥ S 4 mfiE .

FifE/m
1N 6151
&
4126
H)
”\3 2101
- Al & CORSH:
0 95km o . - B
¥ i?ﬁ i = B i s

1 HREEEK CORS i . S&i55HE
Fig.1 The study area and the distribution map of

CORS stations and weather stations

1.2 HERERTALE
1) A SCd FH i) MODIS S35 T LAADS DAAC ‘B
M ( https: //ladsweb. modaps. eosdis. nasa. gov/

search/), 73 3l by 8 d & M. 1 km 2 ¥ R [

MODI11A2 ™ A 16 d &1 km 43 HF%
(1) MOD13 A2 #4845 i , B[R] ] Dy 2016 4F—
2020 4ERY 1—5 H (A0 1—5 AR ES) . H
FH MRT %453 5% H bR $s (NDVILLST) it 5 4@
I PR E G A% U, N5 2 AT X
KA FEHA TR JE [ %) NDVI A1 LST 47 S -
G U AT B R 5 i, LA P K A
A A FEREE

2) ATCfE IR GNSS ¥ M g s th b <
SRR GG DR 5 S BB A A 35
ANYE 2238 47 2 2% ) ( continuously operating reference
stations, CORS) % 127 X G vk, a5 @A 1,
ZBE B E IR X PWV B R
R4,

2 BRI

2.1 BEERTRER

TVDI fz 5 iy Sandholt' ™ $ 1} , i% 48 %k 3= 2% 1&
T2 AR S SRR (0 TS, B M U
(LST) FJH— LA 4G 2 (NDVI) o 4 BF 5% X B
GO o8 R T B 5 A B i, S I
FRFNENE , BE b R NDVI 5 LST 4 3 i H4iE
ZE () I s 2.

Fag  IVDIEL

i {/*
= /|
& H

JE N, A
I K#E KR TVDI=0 i)

H AR ENDYVI
2 T, -NDVI ${E =g
Fig.2 The T, — NDVI feature space

i3k NDVI #LST AT ¥ TVDI' | Hoe 2l 3
R
LST - LST, ..
LSTmax - LSTmin ’

e LST Sy IR 5 LST,, NAE NDVI{H T it
feita BEAFL , BVRRAE 25 8] B 3015 LST,, A 7EAH TR Y
NDVI I i) S ARl B {6, RIVRF AR 25 18] A998 3215 TVDI
{EIGER N (0,1) , TVDL #1003 T a0
1 RELRC P 25 RICYE T o , ol 7 M 22 38 2 1 %, TVDI
HGE i) T 1, 267 e R AR, AL WOV HTREAR

TVDI = (1)



£ 204 - A % " R

2021 4§

MR T E SRS AT T R
LST,. = a, +b, x NDVI
LST,. = a, +b, x NDVI ’ (2)
KLH: ay,0,,a,,b, 53518 T B T RRRG REL
2.2 GNSS PWV RiEit&E
GNSS TR K S5 e ZF o RAZH, i T

HL 52 RO Z A e, 7 AR A S AR e o KR
%E3R (zenith total delay,ZTD), ZTD i 5 2 ZEiR
FNH L2 AR A B, Lo vl 5 2 4T 5 5 RS 1% 48 3R W]
3 S U LI [ 99% s ™™ 5 %o Ui 2 4E 3R
FTAH Fr S1HEIR (zenith hydrostatic delay,ZHD) F1{E
HEIR ( zenith wet delay ,ZWD) , Bl ZWD = ZTD - ZHD

LZTD AR -

H H
P, P,
ZTD = 10°° x k, defpdh + 106f(/1c2 X xZ 4k x 2 xZ")dh (3)
A T T,
f('fF' kl akz ak3 %%ljﬂyk%ﬁﬁiﬁﬁy Rd ﬁ‘j:':f’é% Nz Xy - in zyi
e ARl . o TR A 4 R JAGCI R = ,
SRR p W T ERBTREERE; P, MZ, 5350 7 7
- \/Nzxiz_(zxi) «/Nzyiz_(zy,)

KIS IR AT R4 R H R, S 510z
TR R 8 Bt ac i B o 3(3) 2 2 U 35T 935311
7R ZHD 1 ZWD v ZHD W] 33 3 5345 S5 % T
SR AR

PO
ZHD = [(2.279 £0.0024) ] x 4, (4)
fl@,H) =1 -0.002 66cos(2¢) ~0.000 28H
(5)

K (4) HEE ZHD 1) 5 A, Saastamonien 5,
e Py At M T SO, B0k hPa o A sl i
FRAE  H ORI SR, B R km, iy AR
SR RE R, AR I A S ) ZHD W3k mm GO

g HE AR N
PWV = I x ZWD
P
10° (6)
Il = >
R[ (k/T,) + k]

X p, WKERE; R =461() - kg™ - K™') sk =
(3.776 +0.014) x 10°(K* - hPa™) ; k = 16.48(K* -
hPa™ ) ; T, R RASMBCT- BRI 5 1T Ry To 447K
PR R A S RAMBCF BRI T, A 5%, 5 IR
TGN 6.0 ~6.52,
2.3 HEXMESH

B ESZRALEN PO RENSEAE R
35 /4~ CORS W #HE Fn 128 A~ 42 0l s B0 ds , 35 F%
W R PWV MY . 5Bl Pearson A R %L
S3HT TVDI 5 PWV [ I B SR X i B 1) 22 (]
AR . AT RN N

(7)

KHr: R FRIR Pearson MOCHRE; N AERHEAANEG
x;,y: 43 IERR TVDL MR L K F5 R BUETEHE [ -
1] IRVE R AH PRI . 24 R <0 B, RAm M
R AR, RZMFRR FIEF I, R =0 &
FORW AR Z AL,

3 HRGAHH

3.1 BREEETRIBHRE

H A B A 55 A IR mk o R, 38 S )
gER SO, SR, NDVI Y DL R X Y B
SEREWE SO o A, R RS B i R, A K
2208 R, AR SC NDVIELO0.2 ~0.8,10.01 K4
K, TR AEAS NDVI ST R e K e/ 3t 3638
FE SR JE 6 B T RRAE 25 (8] 1 T R AT LA
AIAR 3 T, - NDVI FRAEZS [A], WAL 3, 4006 45 SR L3k
1, e Bl A B (1) REAT SR 15 81500
Iy TVDI

YR 3 A] 401,2016—2020 4E45 1—5 H 454E
23 [A]ER ELA AU ERTE TR, T R #R EA AH 1R
A H, b b R I oK S/ ME R NDVI T
RN R 3 1 A, LST,,, 5 NDVI 2
TG, H TR G50, G REEA ) 5150. 8,
HRRAE 1T A BE REEUN, 2S5 AH S, AR
NIRRT AT 3 R i TAEY 1 A 2k
KIS 520 T NDVI ¥ EAH



53 4] F 4,4, & MODIS_TVDL/GNSS_PWV {2 48 T 4T I 25 404 - 205 -
50 50 50 50 50
=7 =7 =7 =7 =7
0 | Mamegeeinay  [Vw——— (| oottt ( | asm——— 0 | et “
025 050 075 025 050 075 025 050 075 025 050 075 025 050 075
NDVI NDVI NDVI NDVI NDVI
(a) 2016 4E 1 H (b) 2016 4E2 A (¢) 2016 4E3 (d) 2016 4E4 A (e) 2016 45
50 50 50 50 50
=7 . S =7 =7 =7
0 Q%!“!*l il 0 W 0 ey 0 s o 0 . -
025 050 075 025 050 075 025 050 075 025 050 075 025 050 075
NDVI NDVI NDVI NDVI NDVI
() 2017 41 H (g) 2017 4£2 H (h) 2017 4E3 A (i) 2017 4£4 H (j) 2017 4£5 H
50 50 50 50 50
=7 =7 =7 =7 =7
¥ P s il et — N =
[ sy il 0 0 0 " 0 i -
025 050 075 025 050 075 025 050 075 025 050 075 025 050 075
NDVI NDVI NDVI NDVI NDVI
(k) 2018 4 1 A (1) 2018 4£2 A (m) 2018 43 (n) 2018 4£4 A (0) 2018 45
50 50 50 50 50
=7 =7 =7 = =7
bt el o A ittt
o 0 0 0 [Hovmmrrmporrop? () P eR——
025 050 075 025 050 075 025 050 075 025 050 075 025 050 075
NDVI NDVI NDVI NDVI NDVI
(p) 2019 41 A (q) 2019 4£2 A (r) 2019 43 A (s) 2019 4£4 A (1) 2019 4£5 A
50 50 50 50 50
= + =7 =7 =7 =
B I A
0 0 0 0 and 0 s>
025 050 075 025 050 075 025 050 075 025 050 075 025 050 075
NDVI NDVI NDVI NDVI NDVI
(u) 2020 4 1 A (v) 2020 42 F (w) 2020 43 (x) 2020 44 F (y) 2020 45 i
T Wil SF .
B3 T, -NDVI 5= E$ & B (2016—2020 £ )
Fig.3 Fitting diagram of T, — NDVI feature space(2016—2020)
F1 HAEZETROMEFEREXEREL(2016—2020) (8%)
Tab.1 The fitting equation and correlation coefficient of dry HA i R iidu} R
and wet edge in characteristic space (2016—2020) V1945 ] y=-11.42v+43.64  0.84 y=7.8%x+6.11  0.33
2041 [ y= -2.%x+26.43  0.24 y=4.27x-3.59  0.35
H 4 Tii R sl R 22042 A y= -6.15¢+30.65  0.65 y=4.28x-1.34  0.35
2016 451 /1 y=0.69x +22.42 0.0l y=2.93x-2.59  0.17 20 4E3 H y=-13.8x+40.16  0.87 y=4.75¢+3.57  0.36
W16 42 [ y=-6.73x+29.48  0.58 y=7.34x-1.03 0.5 2000454 f] y=-15.41x+43.68  0.87 y=6.05:+5.49  0.31
WI64E3 H y=-14.90+39.20 0.2 y=6.77x+2.32  0.49 20045 A y= 13140 +43.93  0.87 y=2.32x+7.29  0.05
16454 [] y= —17.03x+43.78  0.90 y=11.22x+0.27 0.56
1
W16 455 [ y= —12.76x+43.45  0.86 y=4.9x+6.53  0.09 3.2 TVDI 5 PWV RXHEST#T
WI74E1 H y=-14.21x+43.78  0.11 y=2.12v-0.17  0.07 TET TVDI il PWV @A et 2r 7, 58
WITAE2]T y= -8.40v+3L.70  0.57 y=1.5v+3.82  0.05 DN L1 R 1 I = K N T =W 4 T 3 2
017453 [ y= —10.56x+36.34 0.8 y=6.50x+1.61 0.5
R pE ER iEd F iR
01744 /] y=-11.29x+39.89  0.87 y=7.41x+2.98  0.50 FREAREMARE, £FRE L, TV S
WIT4ES H y= —14.20x+43.81  0.83 y=9.76x+2.95  0.39 PWV FHOCHER S AR RBOEAYI KT 0.5; £/
WI84:1 /] y= —1.42x+24.63  0.07 y=2.59x-1.71  0.14 REE |- SIS IR &4 B8 9 TVDE 1 PWY i A
WI84E2 1 y= -8.250+32.20  0.72 y=2.5x+1.76  0.13 . .
> P4 /4 o7& E
01843 [ y= —19.6v+40.82  0.91 y=5.07x+3.36  0.35 BUEMGETE oA Gk NI 4 Ji7s, TVDL 5 PWV
4 /4
WIS 44 ] y= 202044522  0.93 y=3.97x+6.08 0.2 AERA —BUE e, BAERER R Z L LA
W18 455 [ y= —15.61x+44.51  0.86 y=12.73x-1.81  0.21 TR AT 3,4 A B, 5 s — IS
0941 /] y=-5.53x+26.78  0.39 y=2.53x-1.94  0.10 - NN o o
A R Z R BN SR D, S H P o
WI94E2 /] y= -8.59x432.99  0.71 y=6.97x-2.49  0.4] VAR RTREAE TIZI 6] B Y =gl DR, 2 X PV 44
B S v
19453 J] y= —14.72¢+39.55  0.89 y=6.91x+2.167  0.47 HRAGTE PWV AL/, BEAME 2020 4 2—5 H
009454 ] y= —17.29x+45.31 0.8 y=7.77x+5.54  0.49 LT A AR B AR A R B X 5 B R R Y




- 206 - A

2021 4§

2020 FRERFREOAMF S £HRE L, BT
PWV 55 [ i ELAT 5058 1) Ik s 1, T (e DL R 3
PWV ZE AL RN REAE , R BOT T = AR YT
(YNMI) 3 PWV 5 [ & (932 H BT 20, dn &
5,763 H B[] 750 v, R R T SR 4 TR B A
PWV [BESK - TH A0 B ka3, BLBst TVDI A —
FEFRBE A P ARG, 224 e I 45 /0 1k 3 SRR IS, TVIDT XL
G, R PWV (WAL BAG — & 1 T R AR
S fEZsE] b 3l g A Wi HEAT Pearson AH
IRt é*%)”d%z PWV 55 TVDI 2 [a] B A5 ¢ 5 (1 4
M RIS AR 28 ) 3 A R AIE
k2 TVDI 5 PWV iE 314 % % (2016—2020)

Tab.2 Correlation coefficient between
TVDI and PWV (2016—2020)

0.72

0.70

0.68

TVDI

0.66f *

i [h] HRFRE

2016 4 0.73

2017 4 0.70

2018 4 0.73

2019 4¢ 0.50

2020 4 0.30
LR 17 P
i\ PWY

E4 PWV 5 TVDI To{L#a3E (2016—2020)
Fig.4 Change trend chart of PWV and TVDI (2016—2020)

G R

////////////////////

RN

PWV/mm

—PWV - VDI
O UL ER
£l Lo ”pu : 4Nl Ui Jw }k “ | o7 g
AN T L
g AT 0
0 100 200 300 400 0 600
i Jos2
40 ’r.vﬂNU]l _— J Jos1
é ¥ i M W b | WY [PU(M | J j ‘2.32 S
Mo P \ 1
= H W, i PN lLMI “’\f Y |, 127 )
10 ’ {0.77
0 ul ]lll I | |J. |i.| ol 1 10.76

100

BS5 ZEEI(YNM])ih TVDI [EFME . PWV EUERE
Fig.5 Change trend chart of TVDI, rainfall

150

200
RN

250

and PWV of YNM]J Station

300

3.3 TERTZHESH

MR R SCHH LR TVDE %ﬁﬁ%i&‘é%i”ix@
e P O P 5 K] i X LR AT AR 48, ok
T ER R PR R E RS ANER, I E RS
ZEATRER S AHE . WK 6, fEm ] | ,2016—
2020 4F 5 a 1], AR LA A —K, R REZ A b
FhEEAE 1,2 AAXT S, (HAE 3,4 H ¥5 ™
i, YR8 M JETU R I £ 5 A%
s, TR THEAR, WEMXHEZ, K
RIEH IR BRI, SRR R — R

BEM AR, 3 5 W R Y B J 4 A — S0
FHIE
FEZS ) b AR 2 F A DX I ik K 2 P AT X

DAk 43 S AR AL AR AR R L E R L
PURE BEPY E YL, I AT Python, LI _E Ay K
T HEHERL, X TVDI $E47 73 W 85T, LAAR A% X 38
TVDI 73 A1 B0 , SR Ja XA X3 5 52 e o 5
HAREATGEE. WK T ol LUE = 8 A 7E 2016—
2020 AF48 DX T 5 10 AR o B B S 8] 0 A R L, R
H o X 2 Db O 3 R R H A,
H BLTET R385 35 68 % 1 80% |, JH AR b £ LU
BN E, R P ERZAE LT, EYE AR
X 2RI 5O 32, o v g R A B AR
ETHEH,2020 4 ik 63. 64% , H 7R 1 5 B T
T REEH, i 2016 4EH) 65. 43 % [EARE] 2020 4FHY
26.13% ,
3.4 TVDI,PWV 5E5&REFHXE
N Tk — B W AR AR T
ST R AS O PWY Z [R5 R, ARSI
I T =mM4 2016—2020 4 1—5 H 4% CORS u}
SRR ARG B PWV L H i (] 51 728 £k,
Frmlo BR B WK 8 o, 1,2 A4 U
0.48°C/4E 0. 32°C/HEMHF T+, [FIEFLL CORS
ui L T LR [ 3 B0t x 3 ROCE B Y
TVDIH., fx/aH4 TVDIE PWV (B 5351 5 |
x3 FTEZFLZHR
Tab.3 Drought grade

T5R4EH TVDI THHA
1 0.0 <TVDI<0.2 b2
2 0.2 <TVDI<O0.4 EH
3 0.4 <TVDI<O0.6 2 EL
4 0.6 <TVDI<O0.8 rh
5 0.8 <TVDI<I1.0 FE




3

T 4, % T MODIS_TVDL/GNSS_PWV [ 2 1 8 T AR AL 25 20 B - 207 -

(a) 2016 4E 1 A

b ¢

(f) 2017 %1 H  (g) 201742 A

(1) 2018 4E2 H

(p) 20194E 1 1 (q) 201942 J

(h) 2017 4£3 A

(m) 2018 4£3 H (n) 2018 44 A

(r) 2019 4E3 A

(d) 2016 44 A

(i) 2017 4£4 A (j) 2017 5 A

(s) 2019 4E4 H

(u) 2020 4E 1 H

(v) 2020 462 A

(w) 2020 4£3 H

(x) 2020 454 A (y) 2020 4:5 A

0 s40km s N cw [ e D2 I ER
6 2016—2020 £ EFEFELH
Fig.6 Distribution map of spring drought from 2016 to 2020

100F wygR wRdE = WORRA = W0h X B 5t 55 AH SC BN A G, iX R EAIREE 5 TVDI Rl
o = m P m I m R . . . o .
s PWV S UIR O, ATAE R T S I B 7
3 60
J&‘E wll nf o T L kAR a A 70
= / A ' ' 68
20 20
| il e
0 | : ‘ 18 °
o~
B E (B E R E B E (R E o 64@
RORROIRR R R R R R RR R R B 16 b L o B
20164 20174 2018% 20194 | 2020% = - b ",' S o g
fisf ] i “ "" I."' «
— 12 § ./ !
7T AHEAERER FERESERSLL i s VLI
/ o X H
Fig.7 The proportion of light drought, medium drought 0 “ i .
and severe drought in Yunnan Province y\g@z@: ‘@’; '@@f‘@i@& 2 & @“&%ﬁ@@@&
FAXIRBE FEAT Pearson A8 5L 34, 70 M4l SR A 1A Hm
9, TVDI, PWV #5155 FE 5 0 IE M6 36 5 AR 6 2 8L ES R EXEETLas

5 0.85, Hiliad 1 P <0.01 B ERLE, (A5

Fig.8 Trend of temperature and relative humidity



- 208 - B % % E B R 2021 4¢
so = TVDHiiEPearson0846 _« 30|« 7yDLAIxHiLEPearson:-0.058 2% 3L ( References) :
- R - o S N et T2 pu. s
o 15 y;// - Ry (1] & L, F T30 R, 4. Z A 500 4F T R 5 5 A
oy - . 60 S N - pres - 2 2
%1 e '5;7550 s FE[J]. TRKGER 5,204 ,28 (12) :38 ~ 44
- ~ m
5 .// " o. = 0 . Yu H,Wang L, Wen ], et al. Study on spatial and temporal distri-
02 04 06 08 10 02 04 06 08 10 bution of drought disaster in 500 years in Yunnan Province[J].
A vl Journal of Arid Land Resources and Environment,2014,28 (12) .
(a) TVDI SHRBEHIGHE (b TVDI S5 RIGHL A 38 a4,
I« e S pveinstisgresono 1 (2] A, balkde BELTHE 5. S HEBEIR 545 RO BE P 20 4 M
20 0 * <70 . —
O P e n P E1 k25 72 A M Fu e . _
Sash L st - SRR ;/_//“// TR 1], A7 ,2018,37 (4) 11172 - 1180.
E 10 4 E; all&= Li X Y,Yang L A Nie H M, et al. Assessment of temporal and spa-
B
Sta, 40 . tial dynamics of agricultural drought in Shaanxi Province based on
10 15 20 25 30 10 15 20 25 30

PWV/mm PWV/mm
(c) PWV 5iLEEAR DG (d) PWV 55X EE AR DG
E9 TVDI 5RE . HXEE,PWV 5
R R XTR B A HE
Fig.9 The correlation between TVDI and temperature
relative humidity, PWV and temperature,

relative humidity

BRI JLAR IR 18 T 5 #, A ORI TVDI
M T Z A 2016—2020 A2 1) T FARE I A3
Ak [l B 3E A 451 43 A FE = 8 1 35 /> CORS 3
fif A0l 5 PWV A TVDL Bk | PWV 725
WD Hb el R 15 LR e

1) TVDI ey s Wl T 21500 fE w8 B
BOFREE FAPE . BT I S K B m A
TR AR PG ) AR R R e, FE
EHR EAR VEART ERMIX; BT A S
oK SHamEE TREBEURE FENE, . FHE
15 S SGIE I fE gE a, JU L 3—4 A BAE AR
kS5 R B ., A () S 2 B A8 AR A, WA R
Y Sk /D B i ey R

2)GNSS PWV 7£ - 5 Wi i 45 gk o HA — 2
F1o F:T Pearson AHIE3 4 &I PWV F1 TVDI f£4E
BEORMAHDCE, 2 B RE b, M RBUEAR Y K F
0.5; 7EHRJE |, PWV A fbifa 345 TVDI AR {L i #
FEA—Z (0 TVDI ZE A0 A7 — & R T AESR 5 76 A R
JE b, JCILE R B, PWV AR fEFT TVDI AR i B
REEES, RAB T —EN T REEES, Hi
PWV g 529 MR HE T — BB i H2 R F B .

ARG T 2 A5 a T 7
HASRRE , S B RUCR SR AL T BRI A — 2 S
ZME . [EBTIIE T GNSS PWV & T S i | E
A — W, AR SR T — 28 M o A, X T
GNSS PWV 7¢ T 5 Wi v 19 5 46 20 7 I8 T IR A

vegelation condition index[ J]. Journal of Ecology,2018,37(4) .
1172 - 1180.

(3] BAZRNNS, sk W, B A S5, JET TVDI i R T 541X
IKIMIB I EAEALT 5 [T ] JB B 5 8T, 201,26 (6) -
742 -750.

Zhao J P,Zhang X F,Liao C H,et al. TVDI based soil moisture re-
trieval from remotely sensed data over large arid areas[ J]. Remote
Sensing Technology and Application,2011,26(6) :742 —750.

(4] ¥ ¥, 30 4, 2HENE, 2. AL BT 95 B (TVDD) 7E B 4R
TR P& ALY ] P Vb8, 2017,37 (1) 132 -
139.

Sha S,Guo N,Li Y H,et al. Applicability of TVDI in monitoring
drought in Longdong area of Gansu, China[ J]. Journal of Desert
Research,2017,37(1) :132 - 139.

[5] Ik, LBERG, HOHERL, 55, BT TVDI f 3 iy - 483 3 i =3
AL RGP [T ] P K PR 5827 ,2019,17 (4) < 141

-152.

Wang M L, Jiang Q O,Shao Y Q,et al. Spatio — temporal variation
of soil moisture and analysis on its influencing factors in Maqu
county based on TVDI[ J]. Science of Soil and Water Conserva-
tion,2019,17(4) . 141 - 152.

[6] X 3%, % M, 4= EAEL MODIS % 7E R P4 48 5% W I Hh i 17
FALT]. H 4+ %P8 8%, 2019,31(2) 172 - 179. doi: 10. 6046/
gtzyyg. 2019.02. 24.

Liu Y, Yue H, Hou E K. Drought monitoring based on MODIS in
Shaanxi[ J ]. Remote Sensing for Land and Resources, 2019, 31
(2):172 = 179. doi:10. 6046/ gtzyyg. 2019. 02. 24.

(7] ¥ 4, 207%, % 7. GPS MR AT Bk i 7ERE K R id
AT RN L] SR 5P, 2013,29(4) (31 -36.
Huang 7Z,Li W B, Liang J. Application of precipitable water vapor
from ground based GPS data to analysis of precipitation weather
process [ J ]. Journal of Meteorology and Environment, 2013, 29
(4):31 -36.

[8] 4 %, E,Wha i, 4. GPS I /KA & 8 76 18 [ 7 i Ft vp
PIRFIEST BT[] 2 BRE AL R 58,2018 ,43(2) 169 - 75.

Jin X, Shi K, Chen Y B, et al. Analysis on the characteristics of
GPS precipitable water vapor during heavy rainfall [ J]. GNSS
World of China,2018,43(2) :69 -75.

(97 X W, VL, sk WL, %5 A [R] 1GS A2 177 i X 3 GPS it
HOKPCHRA[T]. P2aRte4,2018 ,43(12) 17 -22.

Liu P,Liu Z M, Zhang M M, et al. Influence of different IGS e-
phemeris products on GPS of precipitable water vapor inversion

[J]. Science of Surveying and Mapping,2018,43(12) .17 -22.



%3 19 T 4E,%: T MODIS_TVDI/GNSS_PWV {4 = p 48 T FAFAERS 23 73 - 209 -

[10] SRR, /N SR IR , 5. Sk RZHL GPS KA AT /K ks tem[ J]. Geophysical Research Letters,1992,97 (D14) ;15787 —
FER B0 S HARRARAEL )] T 5454 ,2020,38(1) ;50 - 57. 15801.
Han H B,Zhang X J,Zhang B Y, et al. Accuracy test of precipita- [19] Z= 22 W %2, mZE, %5 25T W A] GNSS & &S 28 £ 1yt
ble water vapor retrieved by GPS data and its variation characteris- AR T, 2Rl ,2016 ,41(10) ;82 —87.
tic in Qaidam Basin [ J]. Journal of Arid Meteorology, 2020, 38 Li L,Tian Y, Yuan Z M, et al. Time series changes of GNSS remote
(1):50 -57. sensing meteorological elements during rainstorms [ J]. Science of

[11] F Alshawaf,F Zus,K Balidakis, et al. On the statistical significance Surveying and Mapping,2016,41(10) .82 —87.
of climatic trends estimated from GPS tropospheric time series[ J]. [20] fFadE, i, ok &), % GPS ] f&/K 155 MODIS 1] (& /KA
Journal of Geophysical Research; Atmospheres, 2018,123 (19) . [P )] . T 5 Hh P AE B R4 ,2010,26 (2) ;42 — 45,
10967 —10990. 113.

[12] Wang X M, Zhang K F,Wu S Q, et al. The correlation between Hou J G, Yang C S, Zhang Q, et al. Regression analysis between
GNSS — derived precipitable water vapor and sea surface tempera- GPS PWV and MODIS PWV[ J]. Geography and Geo — Information
ture and its responses to El Nifio - Southern oscillation[ J]. Re- Science ,2010,26(2) :42 -45,113.
mote Sensing of Environment,2018,2(16) ;1 —12. [21] b 7R, % 4, Em, 4 5 “ﬁﬁ%}iﬂ:f;?ﬁﬁ(TVDI) SEAS|

[13] WL, L, 4 R, 5. @ INAL Savitzky — Golay JE % FREMILI]. MBS 30 (5 5 R 4:,2010,26 (2) 131 - 34,
A MODIS AE Y4 [ 751 [T ], 22 F4%,2020,45 (4) 88.
105 - 116. Sun L, Wu Q,Pei Z Y, et al. Study on the correlation between tem-
Hu S S,Huang C X, Yang B, et al. Reconstruction of MODIS vege- perature vegetation dryness index (TVDI) and various factors[ J .
tation index time series by adaptive weighted Savitzky — Golay filter Geography and Geo — Information Science,2010,26(2) :31 - 34,
[J]. Science of Surveying and Mapping,2020,45(4) ;105 - 116. 88.

[14] B B, BRSCTF K, 5. IR A 7 S0 TVDL 0 # [22] Thffeth, WK, WOBiaE , &5 PWV X @ BRASARASAL B S AIF 58

BESm [ )], BIME 8 ,2019,34(2) .91 -97. [J]. 23848 ,2019,65(8) :54 —59.

Lyu K,Lyu C W,Qiao T, et al. Effect of LST synthesis methods on Ma X W,Zhao Q Z,Yao W Q, et al. PWV response to global cli-
prediction accuracy of TVDI[ J]. Remote Sensing Information, mate change [ J]. Bulletin of Surveying and Mapping, 2019, 65
2019,34(2) :91 -97. (8):54 -59.

[15] Sandholt I, Rasmussen K, Andersen J. A simple interpretation of [23] FFadfe, EKRE, 4 4. *UFH{E 58 (TVDL) gE1T
the surface temperature vegetation index space for assessment of A E R AT SE [T]. 18R], 2003,18 (5) 1420 - 427,
surface moisture status[ J]. Remote Sensing of Environment,2002, 436.

79(2):213 -224. Qi S H,Wang C Y, Niu Z. Evaluating soil moisture status in China

[16] Price J C. Using spatial context in satellite data to infer regional using the temperature/vegetation dryness index (TVDI) [J]. Jour-
scale evapotranspiration[ J]. IEEE Transactions on Geoscience and nal of Remote Sensing,2003,18(5) :420 —427,436.

Remote Sensing,1990,28(5) :940 —948. [24] & 52, 830K, B /R, T IRJER Y T R E(TVDD) =

[17] Nemani R, L Pierce,S Running, et al. Developing satellite — de- TR RE I )], T AR RD%E,2016,44(1) :69 —73.
rived estimates of surface moisture status[ J]. Journal of Applied Cao Y, Hu W Q, Yan P D. Remote sensing monitoring of the
Meteorology and Climatology,1993,32(3) .548 - 557. drought based on temperature vegetation dryness index in Yunnan

[18] Michael B,Steven B, Thomas A H,et al. GPS Meteorology : Remote Province [ J]. Geotechnical Investigation & Surveying, 2016, 44
sensing of atmospheric water vapor using the global positioning sys- (1):69-73.

Spatial — temporal analysis of drought characteristics of Yunnan
Province based on MODIS_TVDI/GNSS_PWYV data

YU Wei', KE Fuyang', CAO Yunchang’

(1. School of Remote Sensing & Geomatics Engineering, Nanjing University of Information Science & Technology, Nanjing 210044 ,
China; 2. Meteorological Observation Center, China Meteorological Administration, Beijing 100081, China)

Abstract; Existing drought monitoring technologies are liable to be affected by the environment and suffer poor
timeliness. Given this, this study utilized the MODIS_TVDI and GNSS_PWYV data to investigate the spatial —
temporal changes in the drought characteristics in spring from 2016 to 2020 in Yunnan province through correlation
analysis and regression analysis. The research results are as follows. The TVDI inversion results can accurately
reflect the spatial — temporal changes in the regional drought characteristics during 2016—2020. In space, the

drought showed the trend of increasing from northwest to southeast in Yunnan. In terms of time, the drought
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increased first and then alleviated in spring, especially from March to April. In addition, there was a strong
correlation between PWV and TVDI according to Pearson correlation analysis. The correlation coefficient was largely
greater than 0.5 on a quarterly scale. On a monthly scale, the variation trend of PWV was roughly consistent with
that of TVDI, except that the variation of TVDI showed a certain time delay. On a daily scale, the variation
amplitude of PWV was highly consistent with that of TVDI, especially during rainfall, and both of them showed
certain signals of drought characteristics. Therefore, PWV can serve as a new technical means for drought monito-
ring.

Keywords : temperature vegetation drought index; precipitable water vapor; correlation analysis; Yunnan Province
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