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TOm tdit:

Nghién cizu nay tdp trung vao méi quan hé giira chi sé thuc vdt chuin NDVI (Normalized
Difference Vegetation Index) va nhiét dg bé mat tir di liéu anh vé tinh. Chi sé mirc khd han
nhiét do - thurc vt (Temperature-Vegetation Dryness Index — viét tat 1a TVDI) duroc tinh toan
va nghién cizu ther nghiém tir chudi sé liéu thoi gian (time series) anh MODIS cho 3 mua khd
lién tiép 2000-2001, 2001-2002 va 2002-2003. Sir phan bé khong gian va thay doi theo thoi
gian (trong ma va giira cac nam) cua chi sé TVDI budc dau ching té gia tri cia chi so trong
viéc theo dBi d¢ am trong dat / thuc vdt bé mat. Nhiing két qud ban dau cho thdy hiéu qud cua
viéc sir dung ti liégu MODIS véi dé phan gidi thoi gian cao trong viéc theo ddi bién dong cua
hé sinh thai viing nhiét dai. Hon nira, c6 thé sir dung chi s¢ TVDI két hop véi nhiing chi sé han
han khac va cac quan trac khi tuong tich liy trong nhiéu nam d@é nghién cizu bién doi khi hdu
va xay dung hé thong theo ddi va phat hién, die bdo sém nhitng bién déng, tham hoa trong
ndng va l1am nghiép cap khu vuec.

I. GIOI THIEU

Han h&n dugc nhin nhan 1a mot trong nhirng hién tugng moi truong co tinh pha hoai
nghiém trong, gay nén su sut giam san luong ndng nghi¢p va lam tang dang ké kha ning chay
rung. Thong thuong han han thuong xdy ra trén dién rong, viéc quan trac bang cac phuong
phap truyén thong rat kh6 khan, dic biét & nhitng nugc dang phat trién véi nhung han ché dang
ké trong viéc dau tu cho hé thong quan trac cac tham sé mai truong. Chinh vi vay, nhiing sb
liéu Vé tinh Quan tric Trai dat (EOS) rat c6 ich va rat dang duoc quan tdm trong diéu kién nay.
Dit liu anh NOAA, MODIS (Moderate Resolution Imaging Spectroradiometers) co thé cung
Cap théng tin Ve bé mit tréi dat trong cac kénh phd khac nhau: cac kénh phd nhin thiy va kénh
hong ngoai gan va song ngan va kénh nhiét. Chi sé thyc vat chuan NDVI két hop thdng tin
trong kénh phd mau do va kénh hong ngoai gan da duoc sir dung mét cach hiéu qua trong quan
trac tinh trang / sirc khoe 16p phu thuc vat. Béi véi dir lisu MODIS, chi sé6 NDVI dugc xac
dinh tir gid tri phan xa trong kénh 1 (phé mau do6) va kénh 2 (phd hdng ngoai gan) nhu sau:

NDVI - Mod!sz - Mod!sl ]
Modis2 + Modisl

Cac nha nghién ciru d4 chi ra rang, NDVI khong nhay cam lam véi su thiéu nudc cua thyuc vat
vi thuc vat van xanh khi méi bat dau thiéu nuéc.

Mit khéc, nhiét do bé mat trai dat (Ts) thu duoc tir kénh phd nhiét dac biét tai ving
nhiét dgi, 1a mot chi thi tét cho dong 4n nhiét. Nhiét do bé mat (surface temperature) cé thé
tang 1&n rat nhanh khi thuc vat thiéu nuéc va 16p pha thuc vat cé tac dong dang ké dén viéc xac
dinh nhiét d6 bé mat. Nhu vay, Ts va NDVI két hop c6 thé cung cap thdng tin vé diéu kién sic
khoe thuc vat va d6 am tai bé mat trai dat (Sandholt va n.n.k, 2002). Kha ning chiét tach
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nhitng thdng tin vé can bang nang luong va nuéc bé mat hodc phan loai I6p phu théng qua
quan hé giira nhiét do bé mat (Ts) va chi sé thuc vat chuan (NDVI) da duoc nhiéu nha nghién
ctru quan tam (Gillies va n.n.k, 1997; Owen va n.n.k, 1998; Tran Hung va Yasuoka, 2001). Va
viéc nghién ctru su phan tan cua cac pixel trong khdng gian nhiét do bé mat — chi s6 thuc vat
(Hinh 1) s& cung cip thdng tin vé diéu kién thuc vat va do am bé mat. Trong khong gian [Ts,
NDVI], d6 déc cua duong hdi quy lién quan dén mac bay hoi cua bé mat, dén khang tre cua la
cay va dén do am trung binh cua dat. Vi tri caa pixel anh trong khong gian [Ts, NDVI] bi anh
huong boi rat nhiéu yéu té nhu nhiét 4o, d6 phu thuc vat, d6 am, do bay hoi, v.v. va nhiing
duong ddong muc cua cac yéu td chinh (46 am, do bay hoi) cé thé vé duogc trong tam giac xac
dinh nén khdng gian [Ts, NDVI] (Hinh 1). Véi cing diéu kién khi hau thi nhiét d6 bé mat T s&
nhé nhét tai nhitng bé mit ¢ d6 bay hoi cuc dai do lwong nuée bdo hoa - tao nén duong day
“ria u6t” cua tam giac khong gian [Ts, NDVI]. Nguoc lai, tai cac bé mat c6 do bay hoi cuc tiéu
do bé mit rat khd (du c6 hay khong cé phu thuc vat) thi nhiét do bé mat T s& ting cuc dai —
tao nén duong han ché trén “ria kh” cua tam giac khong gian [Ts, NDVI]. Bé lugng hda quan
hé giira chi sb thuc vat chuan va nhiét do bé mat Ts, nha nghién ctu Sandholt (2002) da dé
nghi str dung chi s6 khd han nhiét d6 - thuc vat (TVDI) duoc xac dinh theo cong thic:
T.-T. .
TDVI — *S smin [2]
a+b*NDVI -T

smin

& day Tmin 12 nhiét d6 bé mat cuc tiéu trong tam giac xac dinh ria wét, Ts 12 nhiét do quan séat
tai pixel anh can tinh, NDVI 14 chi s6 thuc vat chuan, Tema 12 nhiét do bé mat cuc dai quan sat
dugc cho mdi khoang gia tri cia NDVI. Nhu vay diém méu chét dé tinh dugc TDVI 1a xac
dinh duoc duong ria khd ddi véi anh dang nghién ctu va duong ria khdé dugc mé hinh hoa nhu
mot xap xi tuyén tinh (Tsmax = @ + b*NDVI) va tir cac khoang gia tri NDVI sé tinh ra duoc
nhitng pixel véi nhiét do bé mat cuc dai twong tng dé tinh tham sé a va b. TVDI c6 gia tri 1 tai
“ria khd” va 0 tai “ria uét”.
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Hinh 1 Chi s TVDI cua mét pixel anh [Ts, NDVI] dugc x&c dinh nhu mot ty 1é gitra
duong A = (TS - Tsmin) vaB = (Tsmax - Tsmin) (Cﬁng thirc [2])
I1. DU LIEU MODIS VA PHUONG PHAP

Ban dao Pong Duong — mét trong nhiing khu vuc san xuat ndng nghiép chinh trén thé
gioi, thuong ganh chiu nhirng tai hoa néng nghiép thuong xuyén nhu 1 lut, han han va chay



ring do anh hudng cua nhiing hién tuong khi hau that thuong cong vai viéc phé rirng, canh tac
cuong d6 cao va qua trinh do thi hoa — dugc chon lam vung nghién ctru thur nghiém. Toa do dia
Iy ciia viing nghién cau: 101°30°-109°30” Kinh d¢ dong va 8°00°-18°00" Vi do béc.

Dit liéu anh MODIS thu duoc tir vé tinh TERRA va AQUA bao gém 36 kénh trong cac
dai phd nhin thiy, hong ngoai gan va séng ngin va kénh nhiét véi do phan giai khong gian tir
250 m, 500m va 1000 m. MODIS c¢6 chu ky chup Iap lai cao va trong mot ngay dém cé thé thu
nhan duogc 2 anh ban ngay va 2 anh ban dém déi véi moi ving trén trai dat. Bac tinh chup pha
viing rong 16n, do phan giai thoi gian cao cong véi nhiéu kénh thiét ké chuyén dé tinh hiéu
chinh anh huéng khi quyén da 1am tang kha niang st dung anh MODIS trong nghién ctu
nhitng ving nhiét d6i nhiéu may. Bé phuc vu cho nghién ciu nay, tu liéu anh MODIS trong 4
nam 2000-2003 duoc thu thap tir tram thu dat tai Vién Cong nghé Chau A (AIT), Théi Lan —
toa do 100°37” Kinh d6 dong va 14°05’ Vi d6 bic. Dir liéu nay d4 duoc tién xu ly dén muc 1b
nhu hiéu chinh anh huéng khi quyén va nin chinh hinh hoc str dung phan mém chuyén dung
IMAPP cua Truong Pai hoc Wisconsin va luu trir tai Vién Khoa hoc Cong nghiép, Pai hoc
téng hop Tokyo. Quy trinh xu Iy tu liéu anh MODIS duoc trinh bay chi tiét trong Tran Hung
va n.n.k (2001). Do diéu kién may phi thuong xuyén trong ving nhiét déi, chi nhiing anh
MODIS trong mua khd c6 ty & phit may dudi 20% duoc chon ra dé xir ly tiép nhu loc may (st
dung thuat toan MODO06 cia NASA) va tich hop anh da thoi gian dé tao anh ghép 8-ngay
khéng may. Tong s6 anh MODIS dugc chon cho 3 mua khé 1a 16 canh cho mua khd 10/2000 —
2/2001, 15 canh cho mua kho 11/2001 — 3/2002 va 17 canh cho mua khé 10/2002 — 3/2003.

Gia tri nhiét o buc xa tai dau thu MODIS cho kénh 31 va 32 duoc tinh theo cong thic
Plank:
T(R) = — i 3]
In(—27- +1
( R )
& day: Ti(R;) — nhiét do btc xa tinh theo d6 Kelvin cho ting pixel cua kénh i; C, — hang sb
dinh ¢& (1.1910659 x 10° mWm?srem®); C, - hang sé dinh ¢& (1.438833 cm’K); vi — gia tri
budc song trung tam cho kénh i; R; — buc xa pho dé dugc hi¢u chinh cho tung pixel cua kénh i.
Sau do, gia tri nhiét do bé mat trai dat duoc tinh tir nhiét @6 birc xa cua kénh 31 va 32 (trong
dai séng 10.5 — 12.5 um sir dung thuat toan split-windows cho anh MODIS (Wan, 1999).

Chi s6 NDVI dugc tinh tir kénh 1 va 2 cua anh MODIS da dugc hiéu chinh theo cong
thac [1] va duoc chuyén vé cung d6 phan giai 1-km véi Te.

Db thi phan tan (scatterplots) caa Ts nhu 13 mot ham sé cua chi s thuc vat chuan
NDVI dugc xay dung cho tirg anh MODIS da duoc chon trong 3 mua kho. Bé tinh chi s6
TVDI theo cbng thuc [2], gia tri Tsmin (dwong “ria w6t”™) dugc xac dinh nhu gia tri nhiét d6 mat
nudce trung binh caa Bién hd Ton-Lesap (Cam-pu-chia). Tham sé a va b cua duong “ria kho”
cho mdi 1 canh MODIS duogc xac dinh bang ham héi qui binh phuong téi thiéu cua céc gia tri
cuc dai Ts d6i v6i nhitng khoang gia tri NDVI. Hinh 2 thé hién dai dién duong ria khd cho 4
canh vao thang 1 va 2 nam 2001 va 2002 v&i tham sé a va b da duoc xac dinh va gia tri R? thé
hién d6 chinh xéac cao cua ham hdi quy xap xi. Vi Tsmin, @ V& b X&c dinh khéng ddi cho ting
anh MODIS, gia tri TDVI cho tirng pixel anh dugc tinh theo cong thac [2] khi thay vao céc gia
tri cia Ts va NDVI tuong tng.
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Hinh 2 Gia tri ria khd duoc sir dung cho viéc tinh toan chi sé TVDI - gi& tri Ts cuc dai
duoc xac dinh cho tung khoang NDVI nho va ria khd dugc xac dinh bang hoi quy
tuyén tinh.

I1l. KET QUA BAN PAU

Nhu vay, st dung chudi s6 liéu (time series) NDVI va nhiét 6 bé mat tir tu liéu
MODIS, chi s6 TVDI cho viing nghién ctru da dugc tinh toan cho tirng canh chon trong 3 mua
khd 2000-2001, 2001-2002 va 2002-2003. Hinh 3 cho thiy su phan bb khdng gian cua chi sé
TVDI va nhu vay, caa mirc do khd han nhiét do-thuc vat trén toan vung cho ngay 2/2/2002.
Nhin téng thé, gia tri chi s6 TVDI tuong dbi cao véi cac ddi twong l6p phu d6 thi va dat khd
trbng nhu viing cao nguyén Korat caa Thai lan, cao nguyén Nam Lao, ving khé han ven bién
Binh thuan, Ninh thuan véi TVDI dao dong trong khoang 0.25 — 0.53. Béi véi cac khu vuc
ring ram, ving thap triing, ddng bang séng Cuu long, gia tri TVDI twong dbi thap trong
khoang 0.04 — 0.21 va twong ddi it bién doi véi phuong sai nho khoang 0.10 — 0.13. Bang 1
ciing chi rd xu thé chung murc 6 khd han nhiét do - thuc vat ting dan tir dau mua khd (vai gia
tri TVDI trung binh cho toan vung = 0.14 trong thang 11/2001, 0.25 trong thang 1/2002) cho
dén cubi mua khd (0.33 trong thang 3/2002).

Bang 1  Giatri TVDI trung binh va phuong sai cho cac nhém Iép pha bé mit khac nhau

Théang 11/2001 Thang 1/2002 Thang 3/2002
Loai /nhém I6p phét ™51~ [ Phuong | TVDI | Phuong | TVDI | Phuong
, trung binh sai trung binh sai trung binh sai
Rung ram, dat trang 0.04 0.10 0.09 0.12 0.21 0.13
Dat trong trot 0.10 0.15 0.24 0.16 0.42 0.21
Dat trong, dat do thi 0.22 0.22 0.32 0.21 0.43 0.29
IS;SQ binih cho toan 0.14 0.17 0.25 0.16 0.33 0.21




Hinh 3 Su phan b khdng gian theo chi s6 TVDI cho vung nghién ctru (ngay 2/2/2002):
Hinh chiz nhat chi khu vgc lay mau rimg Bac Lac va Vong tron chi khu vyc kho
han Binh Thuan.

Gia tri chi s6 TVDI dugc kiém nghiém ban dau véi nhitng s6 liéu quan trac tai cac tram
khi tugng thuy van trong vung. Ngoai ra, ap dung mo hinh trao ddi nang leong bé mit gitra dat
- thyc vat - khi quyén, goi tat 1a mé hinh SVAT cua truong Pai hoc Penn State (Carlson 2000)
két hop véi tu liéu vé tinh d6 phan gidi cao Landsat ETM+ chup ngay 08/1/2001, gia tri chi s6
d6 am Mo d4 dugc tinh cho viing chon mau Tay Ninh. Sau khi chuyén vé ciing do phan giai
khdng gian, thi két qua so sanh cho thay tuong quan nghich giira chi s6 dd am Mo tinh tir anh
ETM+ va chi s6 mutc khd han nhiét d6 - thuc vat twong ddi cao véi hé sé twong quan Pearson r
=-0.8 (xem chi tiét phwong phép tinh chi s6 do 4m tir anh Landsat trong Tran Hing &
Yasuoka, 2004).
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Hinh 4 Db thi phan tan chi rd su twong quan giira chi s TVDI tinh tir dit liéu MODIS Vi

DAC LAC FOREST AREA - TVDI for 2001, 2002 & 2003 dry seasons

chi s6 do am tinh tir dit ligu Landsat ETM+ két hop véi md hinh SVAT cho viing
kiém nghiém Tay Ninh.
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Hinh 5 Sy thay doi theo thoi gian caa chi s TVDI di voi khu vyc ring Bac Lic va khu

vuc khé han Binh Thuan qua 3 ml]g kh(‘) 2000-2001; 2001-2002; va 2002-2003
(truc thoi gian duoc tinh theo ngay bat dau tir 28 thang 10 moi nam)

Sy thay doi theo thoi gian cua chi s6 TVDI dugc nghién ciu dua theo chudi sé liéu thoi
gian cho mot s6 vung chon mau tiéu biéu vé 16p phu ring va déi khd han (Hinh 3) dé co thé
theo ddi su thay doi caa do am bé mat. Hinh 5 cho thay sy thay dbi cuaa chi s TVDI theo thoi
gian trong 3 nam 2000-2003 tai 2 viing chon mau: khu vuc ring Bac Lic, va khu vuc khé han
ctia Binh Thuan. Nhin chung, chi s6 TVDI tai ving trong trot néng nghiép ludn cao hon tai



vling rirng trong moi thoi diém va chi sé6 TVDI ¢6 xu thé ting vé cubi mdi mua kho. So sanh
gitta cac nam, chi sé6 TVDI cho mua khd 2001-2002 cao hon nhiéu so véi 2 mia khd 2000-
2001 va 2002-2003, twong d6i phu hop véi quan trac khi hau tai cac tram khi twong trong khu
vuc trong khoang thoi gian twong tng. Mot sé nhan dinh ban dau nhu vay cho thay chi sé
TVDI c6 tiém ning trong viéc theo di nhitng bién ddi cua khi hau néng nghiép va theo ddi
khé han khéng chi trong tirng mua ma con trong nhitng chu ky khi hau dai han. Viéc xay dung
mét co s& dit liéu tich luy nhidu nam cua nhitng chi s6 nhu vay 1a can thiét cho viéc theo doi
chu ky khi hau 1am co sé cho viéc du doan xu thé bién d6i trong thoi gian thuc (realtime) cua
nhitng chi s kho han.

IV. THAO LUAN VA PINH HUONG NGHIEN CUU TIEP

Nhiing két qua ban dau sau khi tinh toan va thir nghiém cho thay trién vong sir dung chi
s6 TVDI trong viéc theo di do am bé mat va qua d theo ddi va du béo han han trong ndng /
lam nghiép cap khu vuc. Mot trong nhirng uu diém noi bat Ia viéc tinh toan chi s6 TVDI tuong
dbi don gian va nhanh chéng, c6 thé tu dong hoéa. Tuy nhién, viéc kiém nghiém chi s6 TVDI
véi nhiing sé lieu quan trac khi twong thay van thyuc té can duogc tién hanh bd sung dé tang
thém do tin cay va hiéu sau thém ban chat cua chi sb trude khi dwa chi s6 TVDI vao sir dung
trong thyc té.

Hién tai, Viét Nam d4 va dang xay dung mot s6 tram thu anh MODIS va
NOAA/AVHRR. Ngoai muc dich phuc vu nhitng ting dung tic thoi hodc ngan han nhu dy bao
thoi tiét, theo ddi I lut va chay ring, viéc khai thac nhitng dir liéu nay cho nhiing tng dung
dai han nhu nghién ciu chu ky bién d6i khi hau, bién dong vé hé sinh thai va anh huong dén
san luong néng / 1am nghiép rat can duoc chl trong nghién ciu va trién khai ap dung trong
thue tién. Vai trién vong cua dit liéu MODIS trong viéc theo ddi mac d6 khd han bé mat dugc
trinh bay trong bai b&o nay, tac gia mong mudn nhan duogc sy phdi hop va hop tac cua cac nha
nghién cau, cac co quan quan ly nha nudc trong céac linh vuc lién quan dé cd thé tiép tuc
nghién cau tiép. Mot s6 hudng phat trién tiép nhu thar nghiém céc chi sé6 kho han thuong ding
trén thé giéi nhu SAVI, LWCI, chi sb Palmer, v.v véi tu liéu MODIS mét cach hé théng dé co
duogc nhiing thdng tin bo trg cho chi s6 TVDI trong viéc theo di bién doi kho han nong / 1am
nghiép trong khu vuc. Ngoai ra can quy trinh héa hé théng céc buéc thu thap va tién xi ly tu
lieu MODIS tir c&c tram thu cling véi viéc cai thién van dé loc anh huong khi quyén, loai bo
may, loc nhidu nham tang chat luong cua chi s TVDI. Véi su sin c6 cua tu liéu anh MODIS
(va c6 thé két hop ca anh NOAA/AVHRR) nhiéu lan trong ngay, Viét Nam hoan toan cé thé
xay dung 1 hé thdng tich hop va xur ly tu dong cho ra nhitng san pham thoi gian thuc (near-
realtime) phuc vu cho tac nghiép trong quan Iy theo ddi, du bao san xuit ndng / 1am nghiép va
phat hién du bdo sém nhirng tai hoa néng / [am nghiép nhu han han, chay ring, v.v.

Tai liéu tham khao

1. Carlson T.N. & Arthur S.T., 2000. The impact of land use — land cover changes due to
urbanization on surface microclimate and hydrology: a satellite perspective. Global and
Planetary Change, Vol.25, pp.49-65

2. Gillies R.R., Carlson T.N., Cui J., Kustas W.P. & Humes K.S., 1997. A verification of the
‘triangle’ method for obtaining surface soil water content and energy fluxes from remote
measurements of the Normalized Difference Vegetation Index (NDVI) and surface radiant
temperature. International Journal of Remote Sensing, Vol.18 No.15, pp.3145-3165



3. Owen T.W., Carlson T.N. & Gillies R.R., 1998. An assessment of satellite remotely sensed
land cover parameters in quantitatively describing the climatic effect of urbanization.
International Journal of Remote Sensing, Vol.19 No.9, pp.1663-1681

4. Sandholt I., Rasmussen K. & Andersen J. (2002). A simple interpretation of the surface
temperature/vegetation index space for assessment of surface moisture status. Remote
Sensing of Environment, VVol. 79, pp. 213-224.

5. Tran H., Yasuoka Y., 2004. Surface Climatic Impacts of Urbanization in the Hochiminh
City, Vietnam: An Integrated Study with Remote Sensing and Modeling. Proceedings of
the 3" ICUS International Symposium “New Technologies for Urban Safety of Megacities
in Asia”, Agra, India, October 18-19, 2004

6. Tran H., Yasuoka Y., 2001. Remote Sensing to Assess Regional Climatic Effects of Urban
Expansion in Northern Bangkok, Thailand. Proceedings of the Int’l Conference on
Computer in Urban Planning and Urban Management, University of Hawaii at Manoa,
Honolulu, Hawaii, USA.

7. Tran, H., Ochi, S., Nemoto, T., Kitsuregawa, M. and Yasuoka, Y., 2001. MODIS data
acquisition, processing and scientific utilization framework at the Institute of Industrial
Science, University of Tokyo. Proceedings of the 22" Asian Conference on Remote
Sensing, Singapore, 1, 488-492.

Summary:

MODIS DATA TO MONITOR SURFACE SOIL/VEGETATION MOISTURE
STATUS: ASTUDY WITH TEMPERATURE-VEGETATION DRYNESS INDEX

Dr. Tran Hung
Technical Director
GeoViet Consulting Co. Ltd.

This paper attempts to explore the surface temperature (Ts) and vegetation index (NDVI)
derived from satellite images. The Temperature-Vegetation Dryness Index (TVDI) was
experimentally computed and studied from the time series of MODIS data for 3 consecutive
dry-seasons of 2000-2001, 2001-2002 and 2002-2003. Examining spatial distribution and
temporal evolution (through dry-seasons and inter-annual) of the TVDI has revealed the
usefulness of the TVDI in monitoring the surface soil/vegetation moisture status. The
preliminary results of this study demonstrated the potentiality of high-temporal resolution
MODIS data in long-term monitoring terrestrial ecosystems in tropical areas. TVDI is expected
be used in combination with other drought indices and ground observation data over the years
for climate change research and for developing an agricultural disasters early warning system
for the region.
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