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MOI QUAN HE GIUA PO DAY QUANG HQC SOL KHi AOD
VA CHI SO THUC VAT TRONG PIEU KIEN KHi HAU VIET NAM
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Tom tit

Trong nhitng nam gd‘n day, viéc sw dung cdc chi $6 thue vt chiét xuat tir tw liéu vién tham dé
giam sat qua trinh bién doi khi hdu (BPKH) duoc cdac nha khoa hoc dac biét quan tam. Tuy nhién,
sol khi da lam thay doi gia tri cac chi $6 thuwee vdt. Van dé la tim mét chi sé it bi anh huong boi sol
khi. Bang phuwong phép thwc nghiém, nghién ciru nay tim méi quan hé giita cac chi sé thuc vit
(NDVI, AFRI, ARVI) dudi tic dong ciia cac sol khi, ciing nhw méi quan hé cia chiing véi sol khi.
Trén co s¢ d6, hea chon chi s6 phit hop nhdt trong gidam sat BDKH. Ngi dung ciia nghién cieu nay
bao g&m ba phcfn chinh: 1/ tao ra céc chi sé thuc vit; 2/ Chiét xudt do ddy quang hoc sol khi AOD;
3/ Tim moi quan hé giika cdc chi sé thie vit va AOD. Két qua cho thdy moi tiwong quan giita AFRI
va NDVI thay déi theo gid tri ciia AOD (0,76 6 khu vic c6 AOD cao, 0,46 & khu viec AOD thép).
Két qua ciing cho thdy rang AFRI bj anh hwong it nhat béi sol khi so véi hai chi s6 NDVI va ARVI.
Do do, trong khu viec AOD cao, AFRI nén duoc su dung dé theo déi tham thuc vt thay vi NDVI.

1. Mé dau

Sol khi 12 mot mot phan cua khi quyén, bao
gdm chit 1ong va cac hat rin (ban kinh tir vai nm
dén hon 100 um). Mot mit, sol khi ¢ thé phan
xa birc xa mat troi; do do6 l[am giam sy chiéu xa
va anh huéng tiéu cuc dén su quang hop cua
tham thyc vat. Mat khac, sol khi cling ngén chan
burc xa phat ra (Singh, 2003), gy ra su mat can
bang ning luong bé mat, din dén khi nha kinh va
nhiét d6 tang 1én (Sellers, et al., 1996; Boegh,
Soegaard, Hana, Kabat, & Lesch, 1999; Yu,
2003).

Sol khi ¢6 thé dwoc quan tric truc tiép nho
thiét bi do chuyén dung (Sun Photometer) dé xac
dinh d6 day quang hoc ciia nd6 AOD (Aerosol
Optical Depth) trong khi quyén, nhung ciing ¢
thé duoc xac dinh gian tiép nho tu lidu anh vé
tinh (Sellers, et al., 1994; Sellers, Mintz, Sud , &
Dalcher, 1986; Green, Conel, & Robert, 1993;
Wang, 2003). Mbi lién hé vat 1y ctua hé thong
Mit Troi-Khi Quyén-Mit Dat, SAE (Sun-
Atmosphere-Earth) 1a mdi quan hé vat 1y phirc

tap, tao nén khi hau toan ciu (Xiao, et al., 2003).
Bon tham s6 dic trung ctia hé théng SAE 1a b
xa Mat Troi-Rs, d§ sau quang hoc aerosol-S,
tham thyc vat thong qua chi s6 thuc vat-VI
(Vegetation index), va nhiét bé mat-Ts (Land
Surface Temperature). Giita bon tham sd trén c6
mdi lién hé hitu co chit ché va c6 su tuong tac
qua lai. Bébn tham sb c6 thé duoc quan tric truc
tiép, hodc c6 thé duge trich xudt tir tu liéu vién
tham (anh vé tinh). Nghién ctru qua trinh bién
d6i khi hau (BDKH) cua vung, khu vuc doi hoi
can danh gia su twong tac gitra nhitng tham s d6
thong qua nhing chudi thoi gian (da thoi gian).

Chi sb thuc vat 1a chi sé dinh lugng cho théy
murc d6 phat trién ctia tham thuc vat. Tu lidu vién
tham cua cac khu vuc thuc vat 1a sy hdn hop
phuc tap ctia tham thyc vat, hiéu Gng moi
truong, bong tdi, do sang cua dat (Bannari,
Morin, Bonn, & Huete, 1995). Hon nira, chi s6
thuc vat bi anh huéng boi cac bién thé khong
gian-thoi gian cua khi quyén. Trong bai bao nay,
chung t6i trinh bay mdi quan hé gitra AOD va ba
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chi sé thuc vat: NDVI, AFRI, ARVI trong diéu
kién khi hau Viét Nam.

2. Khu vee, phwong phap va tw liéu nghién
ciru

2.1. Khu vwe nghién ciru

Khu vuc nghién ctu ndm trong pham vi Ha
No§i, nam & vi tri: 20°53° - 21°23” vi d0 bac;
105°44° - 106°02° kinh d6 dong, giap voi céc
tinh: Thai Nguyén, Vinh Phuc ¢ phia Bic; Ha
Nam va Hoa Binh ¢ phia Nam; Bic Ninh, Bic
Giang, Hung Yén ¢ phia Bong; Hoa Binh va Phu
Tho ¢ phia Tay. Dia hinh Ha Noi thap dan tir Bac
xudng Nam va tu Tay sang Pong voi do cao
trung binh tir 5 dén 20m so véi muc nudc bien.

2.2. Chi 56 thuc vit

a/ Chi s6 thuc vat hiéu s6 chuan héa NDVI
(normalized difference vegetation index).

Chi sb thyc vat NDVI thuong duge sir dung
trong thyc tién. Gia tri chi so thyc vat nam trong
khoang tir -1 dén+1, va dugc xac dinh:

NDVI = (pxik - Prep) (Pair + PreD) (1)

Trong do: NIR, RED — kénh anh tng véi dai
pho can hong ngoai va dai phé mau do; p — phan
xa bé mat.

b/ Chi s6 thue vit vmg sudt khi quyén ARVI
(Atmospherically Resistant vegetation index).
Chi s6 ARVI sir dung dai phd mau xanh dé tinh
toan theo cong thire (2):

ARVI = (pnir — Pv) (Pnir T+ Pro) (2)
Trong d6 pyr 12 phan xa cia tia can hong

ngoai, Py, = Pr - ¥(py — Py) v (gid tri gamma)
giong nhu ham trong sO (weighting function)
phu thudc vao loai sol-khi; p, va p, la phan xa
clia cac dai pho mau do va mau xanh tuong tmg.

¢/ Chi s6 thuc vit khang sol-khi AFRI
(Aerosol free vegetation index). AFRI st dung
chu yéu “hdng ngoai song ngan” (SWIR) dé phat
trién chi sb thuc vat:

AFRIL, ;= (paik - 0-5021)/(Pir - 0-5p2.1) (3)

AFRI, 6= (pnir - 0.66p; 6)/(pnir - 0.66p; ) (4)

Trong do cac chi s6 2,1 va 1,6 1a cac budce
song (um) nam trong vung SWIR, va pyr biéu
thi phan xa ctia tia hong ngoai gan. Chi sd AFRI
nam trong khoang -1 va +1.

2.3. Chiét xudt sol khi tir anh Vién tham

Phuong trinh dua ra boi Sifakis (1992) dugc
st dung d¢ tinh Sol khi:
70" _'p]T'.e:”i::' 8,)
agp =a(p)———— (5)
Trong d6: @& 1a a(p) 46 1éch chudn cua phan
xa bé mat va phan xa biéu kién; S la albedo cua
khi quyén; 6, — goc thién dinh mat troi; 0, — goc

1-pS

thién dinh; T(,) — ham tong luong lan truyén
trén dudng roi khoi mat dat. Ham nay co thé
dugc phan tich thanh tong cua ty,(0,) va tgH0,)
— 14 ham lan truyén truc tiép va khuéch tan.

St dung luat truyén dan Lambert-Bouguervc"r
phuong trinh (6), phuong trinh (5) dugc chuyén
sang thanh phuong trinh (7).

(6)

Trong do: -k;m la d6 day quang hoc sol khi
(AOD), v6 hudng va dugc do luong boi cac tia
sang (Igbal 1983). Khi Sol khi dugc ky higu la t,
ta cd Sol khi doc theo duong di 1a t/cos 6,. Do

t4i(Vy) = exp(-kym)

vy phuong trinh (5) c6 thé duoc thé hién lai ¢
dang (7).

T(8, lexp{—1/cosl,)

1-p5 (7)

Phuong trinh (7) c¢6 thé duoc ap dung vao
ngay tham chiéu (bau troi sach) va ngay 6 nhiém
theo phuong trinh (8) cho ngay tham chiéu va
phuong trinh (9) cho ngay 6 nhiém. Yéu t6 T(0,)

op =o(p)

c6 thé gia dinh 1a hing sd doc lap véi tat ca
nhiing bién thién vé thoi gian cta Sol khi, boi vi
su bién thién cua (t4i(05) va ty;(0,)) da triét ticu
1an nhau, tirc 14 t4;,(6,) gidm trong lac ty(0,) ting
khi 1 tang. Ti s6 cua phwong trinh (8) trén (9) c6
thé duoc viét lai thanh (10)
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T(Bg)exp(—1,/cos8,,,

(8)
(9)

a;p" = a(p) ——
. T(0,)expi—14/cos0,5)
6" =0(P)— s

% = exp((—1y/cosB,) + (72/cos8,;)) (10)

Do tinh chat riéng biét ctia dai pho Green dbi
v6i tan xa cac hat trong khi quyén manh hon dai
phd Blue. Vi vay, trong nghién ciru nay ching toi
sir dung kénh phd Green trén anh cua 2 thoi ky
dé chiét xudt sol-khi tir tur liéu anh Landsat, dya
theo biéu thirc rat gon cua cong thirc (10) nhu
sau:

AOD = In[6(p*)/ 5(p*)] (11)

Trong do: o,(p*) va o,(p*) la &nh phuong sai
ctia anh phéan xa ¢ dinh khi quyén.

2.4. Tw liéu nghién ciru

Nghién ciu st dung tu li€u anh vé tinh
Landsat (TM, ETM+ va OLI) giai doan 2000-
2015 v6i sau thoi diém chup anh 1a 4/11/2000,
8/11/2007, 8/11/2010, 24/9/2011, 2/12/2013, va
1/7/2015. Toan bd anh da dugc nén chinh hinh
hoc vé hé toa d6 VN2000 trude khi tinh toan cac
chi so.

3. Két qua va thio luin

3.1. Anh chi sé thwe vit va sol khi chiét xudt
tir anh Landsat

Str dung cong thirc (1), (2), (3) va (11) dé tinh
céc chi s thuc vat va AOD. Két qua ba chi )
thyc vat NDVI, ARVI, AFRI, anh t6 hop mau
RGB véi 3 kénh phd va anh AOD cho tat ca cic
thoi ky nghién cuu dugc trinh bay trong hinh 1.

Céac két qua cho thay cac gia tri NDVI va
ARVI khong dugc phan biét 18 nét & cac khu vuc
c6 AOD cao (khu cong nghi€p, dudong giao
thong...), do AOD lam giam gia tri NDVI va
ARVI, trong khi d6 gia tri cia AFVI thé hién rd
nét & cac khu vuc nay (nhimng d6i tuong khong
phai thuc vat tuong phan 13 nét). Day co thé la
bang chimg cho thay chi s6 AFRI thuc su c¢6 kha
nang ngin chin anh huong khi quyén.

3.2. Phan tich, danh gid két qua

3.2.1. Ham quan hé tuyén tinh va hé sé tuwong
quan gitta cdc chi so thyc vdt

Két qua khao sat mbi quan hé giita ba chi s6
thuc vat cho cac thoi ky nghién clru chung ta
nhan dwoc ham twong quan va hé sb twong quan
R? nhu ¢ hinh 2 va 3.

Hinh 2 biéu dién mdi twong quan giita chi s6
thuc vat NDVI véi 2 chi s6 AFVI va ARVI ¢ hai
khu vic c¢6 AOD thip va cao. C6 thé dé dang
nhan thdy sy khac biét vé twong quan gitra NDVI
va AFVI tai hai khu vuc nay (0.76 voi khu vuc
c6 AOD thép va 0.46 ddi v6i khu viuc c6 AOD
cao). AOD da anh huong dén gi tri ciia NDVI
va ARVI, chi s6 AFVI ¢6 kha niang lam giam anh
hudng cua thong sé khi quyén nay.

Dbi v6i toan khu vuc nghién ciu (hinh 3),
nhin chung giita NDVI va ARVI ¢6 méi tuong
quan manh hon so v6i mdi twong quan giira
NDVI va AFRI va manh hon so v&i méi tuong
quan giita AFRI va ARVI cho c4 hai thoi ky. Méi
tuong quan gitta NDVI va AFRI c6 R* nho hon
0.5 cho tat ca cac thoi ky, diéu d6 thé hién:

- NDVI va ARVI chiu tac dong manh cua sol-
khi.

- AFRI chiu tac dong cua sol-khi kém hon so
v61 ARVI va NDVI.

3.2.2. Ham quan hé tuyén tinh va hé sé twong
quan gitta chi so thuc vdt va sol-khi

Khao sat dua trén anh sol khi (AOD) va ba
anh chi sb thuc vat chung ta thiét 12p ham quan
hé tuyén tinh va xac dinh hé¢ sd tuong quan R’
giita chung. Két qua dugc thé hién trong hinh 4
va bang 1.

Théng qua hé sé tuwong quan R?, chung ta
nhan thdy méi twong quan gitta AFRI va sol khi
14 nhé nhat so véi hai chi s thuc vat con lai con
lai (hé s6 twong quan nhé hon 0.2 cho tit ca cac
thoi ky quan sat). Diéu d6 ching t6 chi sb thuc
vat khang sol khi AFVI thé hién tac dong cua sol
khi vao né kém hon so véi chi s6 ARVI va
NDVIL St dung bién dong ty sé R? cho théy:
quan hé tuyén tinh gitta ARVI va sol khi 1a 16n
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ADD-411/2000

..‘-'LDD LT20ES

Hinh 1: Anh t6 hop mau RGB (goc), anh ba chi s6 thiee vit NDVI, ARVI, AFRI
va anh AOD cho cdc thoi ky khu viee Ha Ngi.
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nhit so v&i quan hé tuyén tinh gitta NDVI va sol
khi. Tir day chiing ta cé tiéu két: c¢6 thé s dung
quan h¢ gitta ARVI va sol khi thay cho quan hé
gitta NDVI va sol khi.

D) thi trong hinh 4 cho thiy gia tri chi sb
NDVI di xubng v6i AOD gia ting. Diéu nay phu
hop véi thuc té 14 AOD cao giy ra cac hat lo
ling trong khong khi lam phan tan anh sang mau
d6 nhiéu hon. Su tan xa nay co thé tao ra mot
phan xa l6n hon trong dai mau do so véi dai song
NIR va do d6 1am cho gia tri ctia chi s6 NDVI
glam xudng. Trong khi do, twong quan gilra ch1
s0 AFRI v&i AOD ¢6 duo‘ng hoi quy glam xuong

mot chat véi AOD ting. Didu nay cho thiy ring
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SWIR van bj anh huong mot chut tr AOD tang,
nhung khong nhiéu nhu kénh phé mau do. O
day, cac hé sb twong quan thap cho thdy rang mo
hinh tinh chi s6 thuc vt it nhay hon véi su bién
d6i AOD.

3.2.3. Ham quan hé tuyén tinh cia bién dong
chi s6 thuc vt véi sol-khi

Dé danh gida mbi quan hé giira bién dong chi
s6 thuc vat véi sol khi, chung ta tién hanh tao
anh bién dong cho ba loai chi sb thuc vat hai thoi
ky 2000 — 2007 va 2010 - 2015, ky hiéu la
ANDVI, AARVI va AAFRI; dong thoi danh gia
cho hai khu vuc nhay cam la khu cong nghiép va
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Hinh 2: Moi twong quan giita chi s6 NDVI véi AFVI va ARVI tai hai khu viee:
a. Khu vue co AOD thap va b. Khu viee ¢co AOD cao
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Hinh 3: Mo6i twong quan giita cdc chi sé thic vit toan b khu viee nghién ciru
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Hinh 4: Mé6i twong quan giita cdc chi sé thic vit va AOD

Bdng 1: Ham quan hé tuyén tinh giita chi sé thie vit va sol khi

STT Chi s6 thyc vat Sol-khi Bién dong ty so R’
NDVI y =0.0168x + 0.1927; R* = 0.0236 1
2007 ARVI y=0.0174x + 0.1786; R>= 0.0186 0.79
AFRI y =0.0098x + 0.4395; R? = 0.0140 0.59
NDVI y =-0.0125x + 0.1431; R* = 0.2558 1
2010 ARVI y =-0.0116x + 0.1442; R* = 0.406 1.58
AFRI y =-0.0094x + 0.1453; R*=0.2231 0.87
NDVI y =-0.0071x + 0.0458; R* = 0.2848 1
2011 ARVI y =-0.0055x + 0.0458; R* = 0.293 1.10
AFRI y =-0.0055x + 0.0467; R* = 0.2004 0.70
NDVI y =-0.0221x + 0.1415; R*=0.1716 1
2013 ARVI y =-0.0178x + 0.1425; R* = 0.1804 1.10
AFRI y =-0.0155x +0.1431; R*=0.101 0.59
NDVI y =-0.0153x + 0.038; R*=0.1074 1
2015 ARVI =-0.0147x + 0.0383; R* = 0.1638 1.52
AFRI y =-0.0164x + 0.0422; R*=0.1054 0.98

khu @6 thi méi (khu vuc co néng d6 khi thai cao
va bui xay dung l6n). Két qua xdy dung ham
tuong quan dugc the hién trén bang 2, 3 va hinh
5.

T bang 2 va 3 cho thdy twong quan giira
AARVI va sol khi manh hon hai trudng hop con
lai cho ca hai khu vuc cong nghi¢p va dé thi moi
(giai doan 2000-2007 manh gap 3,34 1an so véi
ANDVI ¢ khu cong nghi€p). Tuong quan gitta
AAFRI va sol khi 1a nho nhét so véi hai truong
hop con lai cho ca hai khu vyc. Trong khi do,

blen dong chi sb thyc vat ¢ hai khu vuc nay co
mdi trong quan véi sol khi manh hon so v6i mbi
tuong quan gitra chi s thuc vat va sol khi.

4. Két luan

Chi s6 thuc that NDVI dé bi anh huong boi
AOD hon céc chi sé thuc vat AFRI hodc ARVI
do cac hat lo ling trong khong khi (sol khi) co
kha ning phan tan cac kénh phd nam trong gia
song mau do 1am gid trj cua chi sé6 NDVI giam
xudng.
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Bdng 2: Ham quan hé giita bién dong chi s6 thire vt véi sol khi khu cong nghiép

STT Bién dong chi s thuc vat Sol-khi Bién dong ty s R?
ANDVI y=0.0192x - 0.1017; R*=0.0116 1
22%(())70- AARVI =-0.0495x - 0.1619; R*=0.0399 3.34
AAFRI y=0.0125x - 0.1212; R* = 0.0074 0.64
201 ANDVI y =-6.9823x + 0.5901; R* = 0.1054 1
2%150_ AARVI y=11.56x - 1.13162; R* = 0.2581 2.5
AAFRI y =-4.67x + 0.4306; R* = 0.0847 0.8
Bdng 3: Ham quan hé gitra bién dong chi $6 thure vat véi sol khi khu dé thi méi
STT Bién dong chi so6 thuc vat Sol-khi Bién dong ty so R*
ANDVI y =0.0921x - 0.4206; R* = 0.0857 1
22%%07- AARVI y=0.1314x - 0.8578; R* = 0.0941 1.10
AAFRI y =0.0365x - 0.1676; R* = 0.0389 0.45
201 ANDVI y =-12.897x + 1.2471; R* = 0.4059 1
2%105_ AARVI y=17.528X - 1.8285; R*=0.4117 1.02
AAFRI y =-5.9391x + 0.6301; R*=0.1511 0.37
09 = 17,828 - 18285 LA 50y 59301 4 06301
ey Re= 04117 » A - 068 R*=0.1511 .
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Hinh 5: D6 thi twong quan bién dong cac chi 56 thue vét va sol khi
(a- khu do thi moi; b-khu cong nghiép)

AFVI va ARVI duoc xdy dyng nhim giam
anh hudng gay ra boi sol khi trong khi quyén, do
2 chi s6 nay dugc mé phong tir dai phd mau lam
va dai hong ngoai ngén 1a nhitng dai phd c6 kha
ning dam xuyén bau khi quyén, tuy ciing chiu
anh huong cua sol khi nhung khong nhiéu nhu
kénh mau do.

Tir méi twong quan gitra NDVI va AFVI cho
phép xac dinh mic do cao thip cia AOD, khu
vuc ¢6 twong quan giita NDVI va AFVI thép thi
AOD cao va nguoc lai khu vuc cé mbi tuong
quan nay 16n thi AOD thép.

Khi tién hanh giam sat cac khu céng nghiép,
khu phat trién d6 thi mdi - nhiing khu vuc co
AOD 16n, chung ta c¢6 thé sur dung chi so0 thuc vat

AFVI va ARVI thay cho NDVI vi gitta ching c6
mdi twong quan manh. Hon nita, bién dong chi
sO thyc vat AARVI c¢6 mdi tuong quan manh,
tham chi manh hon ANDVI déi véi sol-khi.Q
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Summary

The relationship between AOD (Aerosol Optical Depth) and vegetation index (VI) in clima-
te condition of Vietnam

Pham Quang Vinh, Nguyen Thanh Binh, Institute of Geography, Vietnam Academy of Science of
Technology

Luong Chinh Ke, Vietnam Association of Geodesy, Cartography and Remote Sensing
Pham Minh Hai, Vietnam Institute Of Geodesy and Cartography

In recent years, NDVI has been used to study climate change through vegetation monitoring and
biomass assessment. However, due to the effects of the particular atmosphere (especially aerosols)
have changed NDVI values which extracted from remote sensing data. The problem is to find an
index that is less affected by the atmosphere. By empirical method, this study find the relationship
between the vegetation indices (NDVI, AFRI, ARVI) under the influence of aerosols, and also the
relationship between the vegetation indices and the aerosol. On that basis, choose the most suitable
indicators for climate change monitoring. The content of this study consist soft threemain compo-
nents: 1/ creating vegetation indices; particularly “Atmospherically Resistant Vegetation Index,
ARVI“ and “Aerosol-Free Vegetation Index, AFRI*; 2/ extracting aerosol from the Landsat imagery;
3/ finding the relationship between the vegetation indices and the aerosols. The results show that the
correlation between AFRI and NDVI changes by AOD value (0.76 in high-AOD area, 0.46 in low-
AOD area). This relationship allows using vegetation indices to monitor climate change. The results
also show that AFRI is least affected by aerosol comparing NDVI and ARVI. Therefore, in high-
AOD area, AFRI should be used to monitor vegetation instead of NDVI.O
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