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ABSTRACT
Characteristics of aerosol optical depth retrieved from AERONET in Vietnam and comparison with MODIS data

In this paper, we summarized aerosol optical depth (AOD) data retrieved from AERONET (Aerosol RObotic NETwork) sites in
Vietnam. The characteristics of AOD (Aerosol Optical Depth) retrieved from AERONET has been validated and compared with AOD
retrieved from MODIS/Terra satellite. Firstly, AOD at 500nm retrieved from AERONET sites are used to evaluate the mean value,
annual variation, diurnal variation and variable trend of AOD. Then, the interpolation techniques have been used to derive AOD at
550nm from AOD at 500nm and compare with AOD retrieved by MODIS satellite data. The monthly averaged error, annual averaged
error, root mean square error and correlation coefficient are used to compare. As a result, the averaged AOD value is 0.68; 0.70; 0.25
and 0.24 in Bac Giang, Nghia Do, Nha Trang and Bac Lieu, respectively. The annual variation of Bac Giang, Nghia Do and Nha Trang
has two peaks (in October and March) and two minimum values (in December, June and July). At Bac Lieu site, there is a maximum
value in Jannuary and a minimum ones in July. At all sites, most of the anomalies were annually observed in the period of AOD
maximum. In the monitoring period, AOD trend slightly decreased in Bac Giang and significantly decreased in Nghia Do . The annual
average differences are 0.09, 0.13, 0.05 and 0.11 in Bac Giang, Nghia Do, Nha Trang and Bac Lieu, respectively. The root mean square
errors (RMSEs) are 0.23, 0.22, 0.09, and 0.16 for Bac Giang, Nghia Do, Nha Trang and Bac Lieu, respectively. The correlation between
MODIS AOD and AERONET AOD is found to be quite high (r=0.90) at Nghia Do. For other sites, the correlation coefficients are 0.87,
0.85, 0.79 at Bac Giang, Nha Trang and Bac Lieu, respectively.
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1. Mé dau birc xa, gay nén nhirng bién ddi trong hé thong thoi
tiét - khi hau. Cac phan tu sol khi tn xa va hip thu
bic xa 1am cho 16p khi quyén 4m Ién va bé mat
trai dat lanh di, anh huong truc tiép dén khi hau
(Kaufman et al., 2002, Lau et al., 2008, Mielonen
et al., 2011, Qi YuLei va nnk, 2013,...). Ngoai ra,
sol khi anh huéng gian tiép dén khi hau do céac
phan tir sol khi lam ting s6 hat nhan ngung két,

Sol khi (aerosol) bao gébm cac hat rén, long ton
tai lo ling trong khi quyén, 1a mét trong nhirng tac
nhan quan trong gay nén bién ddi tinh chét quang
hoc, héa hoc khi quyén, ching tac dong téi qua
trinh hinh thanh may, tan xa va hap thu ning luong

“Téc gia lién hé, Email: pxthanh@igp-vast.vn

252



P.X. Thanh va nnk/Tap chi Cac Khoa hoc vé Trai Dat, Tap 37 (2015)

hinh thanh hat nuéc nho hon, dan d&én ting tan xa
va phan xa cia may. Cac hat nugc nho lam han
ché su va cham va lién két, kéo dai thoi gian ton
tai cia miy va ngan can sy I6n 1én cia hat nuge
trong may tao céc hat mua. Dé dic trung cho su
suy giam cuaa tia bic xa mat troi khi di qua khi
quyén do hip thu va tan xa caa cac phan ti sol khi,
nguoi ta st dung dai lugng d6 day quang hoc sol
khi (AOD: Aerosol Optical Depth). AOD duogc su
dung trong hiéu chinh anh huong cua khi quyén téi
tin hiéu thu nhan bang céng nghé vién tham; giam
sat nguon va cac khu vyc tap trung sol khi; xay
dung md hinh truyén buc xa; danh gia chat luong
khéng khi; nghién ctu sy thay doi khi hau,... AOD
c6 thé quan sét tir mat dat hoac tir vé tinh. Quan sat
tai mat dit c6 do chinh xac cao, nhung né chi dai
dién cho mét khu vuc nhé quanh tram. Nguoc lai,
guan sat vé tinh kém chinh xac hon ,nhung c6 do
che phu Ién nén dugc ting dung rong rai trong
nghién cuu bac xa sol khi trong khi hau khu vuc
va toan cau. Vi vay, bén canh nghién cau vé dic
diém sol khi tir cac tram AERONET, tuong tac sol
khi va khi hau, nhiéu tac gia trén thé giéi con so
sanh AOD thu dugc tir mang AERONET vai AOD
thu duoc qua vé tinh MODIS (Moderate
Resolution Imaging Spectroradiometer) nham muc
tiéu hiéu chinh, nang cao chit luong cua sb lisu vé
tinh. Tripathi va nnk (2005) so sanh AOD thu
duogc tr MODIS (AOD MODIS) va AOD thu dugc
tr AERONET (AOD AERONET) tai budc song
550nm cho khu vuc vinh Ganga, An D¢, thiy
ring: mic du twong quan gita MODIS va
AERONET thoi ky sau mila mwa va mua dong (R?
=0,71), ngang bang véi thoi ky truée mua mua va
mia mua (R? = 0,72), AOD MODIS duoc phét
hién thiy cao hon AOD AERONET trong thoi ky
truéc miia mwa va mua mua (dic trung boi nhidu
bui) va thip hon trong thoi ky sau mua mua va
mua dong; su chénh léch gita AOD MODIS va
AOD AERONET la 0,12+0,11, trong mua khdng
bui va 0,4+0,2 trong mua bui; sai sé tuyét ddi cua
AOD MODIS bang khoang 25% gi4 tri caa AOD
MODIS. Qifang Xu va nnk (2005) tim thy twong
quan tir 1465 diém sb lieu AOD cua 34 tram
AERONET trén luc dia nuéc My véi AOD

MODIS la 0.74. Mielonen va nnk (2011) phat hién
thiy twong quan gitta AOD MODIS va AOD
AERONET budc séng 550nm tai Alta Floresta,
GSFC, Ispra, Jokioinen, Mongu, Toravere va
Xianghe 1a rét tét (R? bién ddi trong khoang 0,87
dén 0,97), con tai Mexico City R? chi la 0,64. Qi
YuLei va nnk (2013) xac dinh twong quan giita
AOD MODIS va AOD AERONET tai SACOL (r
= 0,761), tai Bejing (r = 0,946), tai Xianghe (r =
0,97) va tai Xinglong (r = 0,940). Sanjay More va
nnk (2013) nghién ciu cho khu vuc Pune, An D9,
thy rang, trong mua dong, hé s twong quan giita
AOD AERONET va AOD MODIS/Terra la 0,79,
gitta AOD AERONET va AOD MODIS/Aqua la
062; thoi diém truée mua mua, hé sb twong quan
nay 1a 0,78 (Terra) va 074 (Aqua). Tir cac két qua
nay cho thay, hé sé tuong quan gitta AOD MODIS
va AOD AERONET tai mot s6 khu vuc trén thé
gidi bién @i tir 0,62 dén 0,99 va tai mot vi tri thi
hé s6 twong quan va sy chénh léch nay ciing bién
d6i theo mua trong nim. Theo hudng nghién ciu
nay, chung t6i d tién hanh nghién ciru anh huong
ctia mua va hoan luu gié mua téi AOD tai tram
Bac Liéu va Bic Giang (P.X. Thanh va nnk, 2011,
P.X. Thanh va nnk, 2012), so sanh AOD
AERONET Bic Giang va AOD MODIS trén khu
vuc Bic Giang (P.X. Thanh va nnk, 2014).

Trong bai béo nay, ching toi tong két sé liéu
cua 4 tram AERONET tai Viét Nam bao gém Béc
Giang, Nghia D6, Nha Trang va Bac Liéu nham:
(1) Nghién ctru dic diém d6 day quang hoc sol khi,
nhu bién dbi theo ngay va theo mua, dic diém di
thuong, xu thé bién doi; (2) So sanh gia tri
trung binh thang gita AOD MODIS va AOD
AERONET, tinh gia tri sai s6 binh phwong trung
binh va hé sb twong quan cua 2 chudi sb liéu cho
tung tram.

2. Co s6' sb liéu va phwong phap
2.1. Co 56 s0 ligu
2.1.1. 86 liéu MODIS

Thiét bi phd ké tao anh phan giai trung binh
MODIS duoc gén trén v¢ tinh Terra va Aqua. Vé
tinh Terra di chuyén tir bic xudng nam, qua xich
dao vao budi sang. Vé tinh Aqua di chuyén tir nam
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1én béc, di qua xich dao vao budi chiéu. Ctr 1 dén 2
ngay, vé tinh MODIS/Terra va MODIS/Aqua s€
quét hét bé mat Trai it v6i do rong dai quét
2330km. V¢ tinh MODIS thu nhan anh tir 36 kénh
phd (tr 0,4pm dén 14,4 pm), c6 do phan giai
khong gian la 250m, 500m va 1000m
(http://modis.gsfc.nasa.gov/). S6 liéu vé tinh
MODIS duoc phan theo 4 cip: 0; 1B; 2 va 3. S6
lidu cap 0 1a sb lidu tho; Cap 1B 1a s6 lidu da duoc
hiéu chinh va dua vé vi tri dia Iy; SO liéu cip 2
(MODO04_L2) dugc hiéu chinh va dwa vé ludi toa
do co do phan giai khong gian 10km x 10km; S6
liéu cap 3 bao gdm sd liéu trung binh ngay
(M...D08_D3), trung binh 8 ngay (M...D0§ E3)
Va trung binh thang (M .D08_M3), duoc chuyén
vé luéi toa do toan cau véi do phén giai 1° x 1°.
Trong nghién ciru nay, chung toi sir dung s6 liéu
AOD tir v¢ tinh MODIS/Terra, da dugc xu ly ¢
cap 2.

2.1.2. 86 Liéu AERONET

Mang tram quan sat sol khi toan ciu
AERONET duoc thiét 1ap boi NASA. Thiét bj st
dung dé quan sat trong mang tram AERONET la
quang pho ké ty dong CIMEL 318 do Phap ché
tao. Thiét bi thuc hién hai phép do co ban la buc
xa truc tiép tor Mat Troi va buac xa tan xa tir khi
quyén. Tur phép do nay, co thé tinh dwoc do day
quang hoc sol khi tai cac dai ph6 khac nhau (340,
380, 440, 500, 675, 870 va 1020nm), lugng hoi
nude trong khi quyén va thong s Angstrom
(thong s0 déc trung cho kich thude cia hat) (N.X.
Anh, L.V. Huy, 2008). AOD xic dinh tr
AERONET c¢6 d¢ chinh xac +0.01ddi véi cac
budc song lon hon 400nm, va +0.02v6i budc
s6ng nho hon 400nm (Holben et al., 1998). S6 lidu
ctia mang ARONET duoc phan cép theo 3 muic:
1.0; 1.5 va 2.0. Mirc 1.0 1a tap s6 liéu chua dugc
tuyén chon (unscreened), mirc 1.5 bao gébm chudi
s6 lidu co loai bod su che phu cua may (clouds-
screened) va muc 2.0 1a chudi sé liéu c6 chit
lugng dam bao (quality assured).

Viét Nam tham gia vao mang tram AERONET
tr thang 2 nam 2003 véi hai tram do dau tién dat
tai Bic Giang va Bac Liéu do Vién Vit ly Dia cau
quan ly va van hanh. Thang 10 nam 2005, Trung
tam Tu van va Chuyén giao Cong nghé Vit 1y -
Dia chat (CGCTT) da ky bién ban thoa thuan hop
tac v6i Co quan Hang khong Vi tru My NASA dé
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Viét Nam dugc tham gia trong chuong trinh
AERONET. Ké tir 46, CGCTT va Vién Vit Iy Dia
cdu, Vién Han 1am KH & CN Viét Nam cung quan
ly, van hanh, do dac va nghién ctru vé sol khi tai
Viét Nam. Dén thoi diém hién tai, Viét Nam da c6
4 tram do sol khi c¢6 chudi sb liéu kéo dai hon 1
nam 1a Bac Giang, Bac Liéu, Nghia Do (Ha Noi)
va Nha Trang va 4 diém do khao sat theo muia gdm
Son La, Yén Bai, Hung Yén va Bach Long Vi.
Trong nghién ctru nay, ching toi s dung chudi s6
liéu muc 2 cua 4 tram quan tric ké trén.

2.2. Phwong phdp

Pé danh gia dic diém do day quang hoc sol
khi, ching t6i sit dung cic dac trung va phuong
phép thong ké sau:

Trung binh s6 hoc X :

:—Zx 1)

N

- Phuong sai mau (d6 1éch chudn) o

S <Py 2
= n;(x' X) (2

- H¢ s tuong quan r

I3 -0 - )
r= N (3)

18 U
\/nizl:(xi _X) \/nizll(yi -

- Phuong phap xac dinh di thuong khi hau: di
thuong cao cdp 1 bao gdm céac gia tri cao hon
chuin cua chudi mot khoang tin cdy DCI, di
thudong cao cdp 2 bao gdm céac gia tri cao hon
chuin cia chudi mot khoang tin cidy DC2 va di
thudong cao cdp 3 bao gdm céac gia tri cao hon
chuin cua chudi mot khoang tin cady DC3. Céc
khoang tin cdy ndy dugc tinh tir phuong sai mau
(o) nhu sau (N.T. Hiéu va nnk, 2005) :

DC1 =1,84*c; DC2 = 2,05*c; DC3 = 2,35*c

- Phuong phap hdi quy phéan tich xu thé:
phuong phap phéan tich xu thé st dung trong
nghién ciru nay 1a phwong phap hdi qui. Phuong
phap hodi quy giita bién khi hau x va thoi gian t, tirc
1a sy bién dbi cua x theo t, x = f(t). D& nghién ctiru
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xu thé bién d6i tuyén tinh ta thanh lap phuong
trinh hoi quy:

x®) =at+b )

trong d6 a va b 1a cac hé s hdi quy dwoc xac
dinh bai:

a= ;(X_X)(t t) ,b:)_(—af

Tu phuong trinh (4) ta c6 thé nhan biét dugc Xu
thé bién dOI cua chu01 thong qua phén tich hé )
goc a. Dau ciia hé s6 a xac dinh xu thé tang (khi
a>0) hodc glam (khi a<0), con tri tuyét dbi coa a
cho biét mirc do ting giam cua chudi (P.V. Tan,
2005).

Pé so sanh AOD giita MODIS va AERONET,
trude hét, chﬁng t6i thanh 1ap mang s lidu thong
ké theo thoi gian tir hai ngudn nay. Viéc tao lap
mang so liéu duoc tién hanh theo tung bude, vi
mot s6 1y do sau: (i) gia tri AOD c¢6 duoc tur
MODIS la gia tri trung binh trén bé mit cia _tung
pixel, cu thé 1a gia tri AOD trung binh cua be mat
10km x 10km, trong khi gi4 tri AOD ctia mdi phép
do AERONET la gié tri tai mot diém trong kh6ng
gian; (ii) kha nang tim pixel MODIS trung voi
diém quan tric cua thlet bi AERONET rat thap,
(iii) c6 sy khac biét vé mat thoi gian giira cac
s6 lidu thu dugc tir hai thiét bj MODIS VvGi
AERONET (Tripathi va nnk, 2005). Cac budc tién
hanh d6i v6i mang s6 liéu AOD MODIS gdm:

- Tao mang sb liéu 5*5 pixel ndm trong pham
vi £1/4 d0 kinh vi so voi toa dd tram AERONET.

- Lay trung binh gia tri AOD tai cac nat ludi.
(So sanh véi phuong phap ndi suy gia tri AOD tir
cac nut ludi ve vi tri toa do tram theo khoang cach
tr nut ludi toi tram (P.X. Thanh va nnk, 2014).
Déi voi tram Bac Glang két qua sai khac khong
dang ké, con dbi vOi cac tram khac, phuong phap
liy trung binh cho két qua tt hon).

Dmrvm mang so litcu AOD AERONET céac
budc tién hanh nhu sau:

- Chon trong chudi sb liéu cia AERONET céc
gia tri c6 thoi gian nam trong khoang thoi gian £15
phut tinh tir thoi diém MODIS ghi duoc so liu.

- Noi suy tur gia tri AOD bude song 500nm
sang AOD budc séng 550nm, sir dung thong sb
Angstrom cua AERONET trong dai song 440nm -
675nm (Mielonen et al., 2011). Khi d6 gia tri AOD
tai budc song 550nm (tps5,m) duoc xac dinh theo
cong thuc:

T0.5um

To55:m = 05  (5)
—Q0.44;m-0.67m '”ﬁ

3. Pic diém dd day quang hoc sol Khi tir cac
tram AERONET tai Viét Nam

3.1. Dj thwong va xu thé bién déi ciia chudi sé
ligu AOD

Thoi gian hoat dong cua cac tram AERONET
Viét Nam dugc thé hién trén hinh 1. Céc tram Béc
Giang va Bac Liéu bit ddu quan tric tir diu nam
2003, tram Nghia D6 bat diu cudi nam 2010, tram
Nha Trang bat dau cudi nam 2011. Tram Bic
Giang ngimg quan tric tir thang 12 nam 2009, cac
tram con lai dugc duy tri dén nay. Viéc quan tric
thuong bi gidn doan do thiéu thiét bi hodc thiét b
trong thoi gian kiém dinh. Tram c6 thoi gian gian
doan cao nhit 1a tram Bac Liéu, chiém 42%
khoang thoi gian quan tric, tiép theo 1 tram Nha
Trang 32%, tram Nghia D6 1a 16% va cubi cling la
Bic Giang 11%. S6 liéu quan tric hang ngay duoc
ghi ddy du trong mirc 1.0 cta tap sd liéu. Sau do,
s6 liéu dwoc xir Iy va nang cép 1én muc 1,5 va mic
2.0. S6 lidu mirc 2.0 14 s6 lidu dam bao chit lugng,
dugc chung t6i sir dung trong nghién ciru dic diém
ctia sol khi va so sanh véi AOD MODIS & phan
tiép theo.

Bang 1 trinh bay sb ngay quan tric dugc AOD,
s0 lan quan trac, gia tri trung binh, gla tri di thuong
va s6 1an xay ra di thudng cao cac cap tai cac tram.
Gia tri trung binh ctia chudi s6 liéu cac tram phia
béc (Bac Giang = 0,68; Nghia D6 = 0,70) cao xap
xi 3 lan so v&i cac tram phia nam (Nha Trang =
0,25, Bac Liéu = 0,24). Hinh 2 biéu dién gi4 tri
trung binh ngay, di thuong va xu thé bién doi cia
AOD tai budc song 500nm tai cac tram. Két qua
quan tric di thuong tai Bac Giang cho thay thang
10 1 thang xay ra di thuong nhiéu nhét (14 trén
tong s6 38 di thuong cao cip 1). Tram Nghla bo
¢6 da phan cac di thuong (10 trong tong so 13 d1
thuong cao cip 1) xay ra vao cac thang dau va cubi
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mua kho (cac thang 10, 11 va 3, 4). Tai tram Nha  2003-2014 1a 0,24 so vGi trung binh 2003-2009 Ia
Trang, thang 3 1a thang xay ra di thuong nhidu 0,23 (P.X. Thanh va nnk, 2012).

nhét (14 14n xay ra di thuong cao cép 1). Tram Bac
Liéu, cac ngay xdy ra di thudng tap trung vao cac
thang gitra mua kho (cac thang 1, 2 va 3) v6i 37 TumBicGiang s’ —
trén tong sd 51 di thuong cao cap 1. Xu thé bién o o
d6i AOD theo thoi gian ctia cac tram phia bic ¢
xu thé giam. Tai tram Béc Giang (‘d}(‘ri ky 2003 dén TramNha Trang
2006) AOD giam khong dang ke, trong khi tai S o o
Nghia D6 (thoi ky 2010 dén 2014) AOD c6 xu thé  TsmBaclitn [—. - - = =ommmm =
glam rd rang (hinh 2a va 2b). Ngugc lai vdi phia S SR s
bac tai cac tram phia nam AOD c6 xu thé tang 112003 122005 122008 122011 122014
Tram Nha Trang c6 thé thdy xu thé ting dang ké

trong thoi ky 2011,dén 2014 (hinh 2¢), cOn tram  Hinh 1. Thoi gian hoat dong cia cac tram AERONET
Bac Li€u c6 xu thé tdng nhe (trung binh thoi ky  vigt Nam

a b

TramNghia D8

ADD tai 500nm
ADD tai 500nm
=

|

S

il
T |.|IH

[|”"H ”| "|!|r w In“' l' |'V

T m e M mm D0 o ER aay MW B #00 G000 0 MG 4m O Em M TH Bow

Neav quantric MNegiv quantric

ACD tgi S00nm
screeges

AOD tai 500nm
-

M ..

aaf-1-

Hinh 2. Gi4 trj trung binh ngay, di thuong, va xu thé bién dbi ctia AOD tram Béc Giang (a), tram Nghia D6 (b), tram Nha Trang (c),
va tram Bac Liéu (d). Ddu “®” chi ngudng di thuong cao cép 1, “A” di thuong cao cép 2, “X” di thuong cao cép 3. Puong lién nét
biéu di&n xu thé bién déi AOD theo thoi gian.
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Bang 1. S6 ngay quan tric, gi4 tri trung binh va di thuong AOD tai cac tram AERONET Viét Nam

Tram So ngé?/ So léri Gid tri A\OD Sb ngay . thu(;régngéy S6 ngay
quan trac quan trac  trung binh DC1 xiy ra DC1 DC2 xiy ra DC2 DC3 xdy ra DC3
Biéc Giang 634 11829 0,68 151 38 1,60 27 1,73 16
Nghia bo 253 3284 0,70 1,56 13 1,65 9 1,79 6
Nha Trang 368 10329 0,25 0,55 25 0,59 20 0,64 13
Bac Liéu 759 10407 0,24 0,54 51 0,57 38 0,62 25

3.2 Bién trinh ndm va bién trinh ngay ciia AOD
tai cac tram AERONET Viét Nam

Bién trinh ndm ciia AOD & budc song 500nm
tai cac tram AERONET Viét Nam duoc thé hién
trong hinh 3. Nhin chung, AOD cé giad tri cao
trong cac thang mua kho va thap trong cac thang
muia mua. Trong miia mua, AOD thép vi ndng do
céc hat sol khi trong khi quyén giam do hién tugng

sa ling 4m. Sa ling 4m bao gdm hai hinh thic:
(i) cac phan tir sol khi tré' thanh hat nhan ngung két
dé hinh thanh may va cac hat nuéc mua hodc bi
dinh vao hat nuéc may, sau d6 di chuyén cung voi
hat nuwéc mua (qué trinh nay dién ra trong may) va
(ii) cac phan tir sol khi bi rira tréi, khi cudn theo
bdi cac hat nuéc mua (qué trinh dién ra dudi chan
may) (P.X. Thanh va nnk, 2011).

n b
1.5 1.5
[T 12
g ' g
o =
7 = an
p a
] ISRL
.:‘j’-: =z
eF- |
a . . N 8
4 2 A 4 A & T A @O 1B 11 12 Y
Thane
[
.5 2.5
o4 a4
g 2
= =
= =
Z a1 %n:
o a2 S g2
= =
ﬂ.i U.i ......................
al . . N
Y74 = a 4 A & T A @ 10 11 12 Y74 2z a 4 A & T A @ 10 11 12

Hinh 3. Bién trinh nam AOD tai budc séng 500nm tram Bic Giang (a), tram Nghia D6 (b), tram Nha Trang (c), tram Bac Liéu (d)

Céc tram Béc Giang, Nghia D6 va Nha Trang
¢6 cuc dai vao thdi diém dau va cudi moa kho
(thang 10 va thang 3), riéng tram Bac Liéu c6 cuc
dai vao giita mua khé (thang 1, 2). Vao thoi diém
dau va cudi mua kho ndng d6 cac hat sol khi tai

Béc Giang va Nghia D6 khong bi giam do sa ling
4m. Thém vao do6, trong thoi gian nay, mat dt van
dugc dbt nong tao ra thong luong nhiét gitta mit
dét va khi quyén, tao nén luc ndi dua cac hat sol
khi tir mat dit vao khi quyén (Sanjay More et al.,
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2013). Do d6, ndng do sol khi trong khi quyén
tang, gdy nén cuc dai AOD trong khoang thoi gian
nay. Tram Bac Liéu ndm & gﬁn cuc nam cua Viét
Nam, & day mit dit dugc dét nong quanh nim nén
mat do sol khi trong khi quyén khong phu thudc
vao nhiét bé mit ma chi phu thude vao sa léng am
va diéu kién hoan luu, nén cuc dai xay ra vao gilra
mua khé. Tram Nha Trang mac du cach xa céc
tram phia bac nhung lai ¢6 bién trinh nim tuong tu
nhu céc tram nay. Pay 1a mot cau hoi can phai giai
dap khi c6 thém s liéu va nhimg nghién ctru, phan
tich sau thém vé dic diém ngudn phat thai sol khi

ciing nhu diéu kién dia 1y va hoan luu khi quyén
anh huong téi tram Nha Trang.

Hinh 4 biéu dién bién trinh ngay AOD tai cac
budc song 500nm cia cac tram AERONET Viét
Nam. Nhin chung, AOD trong ngay bién dbi
khong nhiéu. Tuy nhién cé thé thay cac tram Bic
Giang va Nghia D6 c6 bién trinh ngay giéng nhu
bién ddi cua do cao mat troi, do 1a thép vao sang
va t6i cao vao thoi diém giita trra. Cac tram phia
nam khong thiy rd hinh dang nay. Tram Nha
Trang va Bac Liéu lai c6 cuc dai vao lic 7 gio va
16 gio.
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Hinh 4. Bién trinh ngay AOD tai bude song 500nm tram Béc Giang (a), tram Nghia D6 (b), tram Nha Trang (c), tram Bac Liéu (d)

4. So sénh AOD MODIS va AOD AERONET
tai Viét Nam
4.1. Bién d6i theo miia ciia AOD MODIS va AOD
AERONET

Hinh 5 va bang 2 thé hién s6 14n (ciing chinh 14 s6
ngdy: vi mdi ngay vé tinh chi bay qua tram nhiéu
nhat 13 1 1an) do dugc AOD tai budc song 550nm
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dong thoi tir MODIS va AERONET, gia tri AOD
trung binh va d6 léch chuin timg thang trong nim
cho tung tram cua Viét Nam. Mac du, s6 lan quan
tric dong thoi chiém ti 16 thép so véi tong s6 1an quan
tric AOD tai mdi tram (Béc Giang = 27%, Nghia D6
= 18%, Nha Trang = 39%, Bac Liéu = 14%), gia tri
AOD trung binh thang ctia ca MODIS va AERONET
van cho thiy sy bién d6i theo mua 16 rét.
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Hinh 5. D¢ day quang hoc trung binh, d6 léch chuén va sé 1dn quan tric ddng thoi timg thang ciia MODIS va AERONET tram
Béc Giang (a), tram Nghia D6 (b), tram Nha Trang (c), tram Bac Liéu (d)

Bang 2. S6 14n quan tréc, sai sb tuyét dbi AOD cac thang giita sb liéu MODIS va AERONET tai cic tram AERONET Viét Nam

Théng __ Béc Giang . . Nghia Bo . . Nha Trang i __ Bac Liéu .
S6 1an QT Sai s S6 1an QT Sai s0 S6 1an QT Sai s6 S6 1an QT Sai s0

1 11 0,05 2 0,18 10 0,08 12 0,09

2 7 0,07 1 0,50 18 0,08 20 0,10

3 7 0,19 2 0,29 32 0,07 19 0,10

4 6 0,01 4 0,05 35 0,01 13 0,10

5 11 0,02 12 0,03 16 0,01 10 0,13

6 7 0,30 1 0,04 5 0,06 8 0,10

7 6 0,16 2 0,09 3 0,04 6 0,17

8 9 0,08 4 0,01 7 0,02 4 0,08

9 25 0,12 2 0,10 2 0,05 3 0,10
10 35 0,01 4 0,02 2 0,05 8 0,13
11 23 0,04 6 0,19 6 0,02 2 0,11
12 25 0,05 5 0,03 6 0,07 4 0,12
Trung binh 0,09 0,13 0,05 0,11

Tai tram Béc Giang, c6 tong s6 172 1an quan
sat dugc AOD dong thoi tir MODIS va ARONET.
S6 lan quan sat dugc trong tung thang phan anh

dung diéu kién thoi tiét khi hau khu vuc nay (P.X.

Thanh va nnk, 2014). Nira ddu mua dong (céc
thang 10, 11, 12) bau troi thudng quang may, do
4m thap (kiéu thoi tiét hanh kho) 1a diéu kién thudn
loi d& quan sat Trai Dat tir vé tinh ciing nhu quan
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sat birc xa Mt Troi tir mat dat, sé 1an quan sat
dugc AOD cao. Nguoc lai, nira cudi mua dong
(thang 1, 2, 3), khu vuc Bic Bo thu()’ng bi bao phu
boi man may day dic cua thoi tiét mua phun SO
lan quan st dugc AOD thép hon dang ké so v&i
dau mua dong. Cac thang mua mua, do anh hudng
ctia may d6i luu, s6 lan quan sat dugc AOD ciing
thap (bang 2).

Bién d6i AOD ciia MODIS va AERONET
trong nam khu vyc tram Bic Giang thé hién su
bién d6i theo mua, v6i hai cuc dai va hai cuc tiéu.
Cuc dai thir nhét vao cac thang 2 hodc 3, cuc dai
thtr hai vao thang 10. Cuc tiéu chinh xuét hién vao
cac thang gitra mua mua (thang 5, 6, 7), trong do,
AERONET cuc tiéu vao thang 6 va MODIS cuc
tiéu vao thang 7. Cyc tiéu phu vao cac thang giita
mua kho (thang 1). So sanh gi4 tri trung binh thang
gitta AOD MODIS va AOD AERONET ta thiy
hau hét cac thang c6 AOD MODIS cao hon AOD
AERONET v6i mtc chénh léch trung binh 12
thang 1a 0,09 va sai s6 binh phwong trung binh
(RMSE) cho ca chudi s6 lidu 172 1an quan st 1a
0,23.

Tram Nghia D6 trong khoang thoi gian tu
thang 11 ndm 2010 dén thang 12 nam 2014 c6 45
lin quan st dwoc dong thoi ca MODIS va
AERONET, céc thang dau mua kho ciing c6 xu
huéng quan sat dugc nhidu hon cac thang con lai.
Trong thang 1 va thang 6 mdi thang chi co 1 ngay
quan sat dugc AOD, song, ca hai lan quan sat nay
déu c6 nét dic biét. Lan quan sat trong thang 1 tao
ra sai s6 rat 16n giira MODIS va AERONET (0.5)
cao gap 4 lan sai s6 trung binh (bang 1). Lan quan
sat trong thang 6, gia tri AOD lai rat cao (2,23)
vuot ca gid tri di thuong loai 3 cua tram
(DC3=1.79). Tuy nhién, sai sb giita MODIS va
AERONET trong lan quan sat nay lai rat thip
(0,04). Ngoai nhing nét dic biét trén, bién ddi cta
AOD cua MODIS va AERONET tai Nghia D6
cling c6 quy luét theo mua do la cao vao mua kho,
thip vao mua mua, cuc dai vao khoang dau mua
kho (thang 10) va cubi mua kho (cac thang 3 va 4).
So sanh gia tri trung binh thang gittra AOD MODIS
va AOD AERONET ta thiy c6 thang AOD
MODIS cao hon AOD AERONET va nguoc lai.
Trung binh sai sb tuyét ddi gitta AOD MODIS va
AOD AERONET cua 12 thang 1a 0,13 va gia tri
RMSE tinh cho ca chudi s6 liéu 45 lan quan sat 1a
0,22.
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Tram Nha Trang c6 tong s6 142 lan quan sat
dugc AOD ddng thoi tir MODIS va ARONET,
trong thang 10 ¢6 2 lan, va ca 2 lan AOD déu rat
cao (AOD AERONET dat 0.34, quan sat thdy vao
ngay 31/10/2012, va AOD AERONET dat 0.64
vao ngay 28/10/2012, cao bang di thuong cép 2
cia Nha Trang). Bién d6i AOD ciia MODIS va
AERONET tai Nha Trang c6 2 cuc dai vao thang 3
va thang 10. Mot dac diém quan trong cua sb liéu
tai tram Nha Trang 14 gia tri cia MODIS thap hon
gi4 tri AERONET tai tat ca cic thang. Trung binh
sai sO tuyét dbi gira AOD MODIS va AOD
AERONET cua 12 thang 1a 0,05 va gia tri RMSE
tinh cho ca chudi sd liéu 142 lan quan sat 1a 0,09.

Tram Bac Liéu co tong s6 109 lan quan sat
dugc dong thoi AOD tir MODIS va AERONET.
Bién d6i theo thoi gian trong nim cia AOD
MODIS va AOD AERONET khéng co6 gi dic biét
va phu thudc theo mua (mua khé AOD cao, mua
mua AOD thép). Nguoc lai voi tram Nha Trang,
tai khu vuc tram Bac Liéu, gia tri AOD thu dugc
tir MODIS cao hon tir AERONET tai tit ca cac
thang trong nim. Sai s6 tuyét ddi giva AOD
MODIS va AOD AERONET tinh trung binh 12
thang 120,11 va gia tri RMSE tinh cho ca chudi s6
liéu 109 lan quan sat 1a 0,16.

4.2. H¢ s6 twong quan gita AOD MODIS va
AOD AERONET

Hinh 6 trinh bay phwong trinh hdi quy tuyén
tinh va hé s6 twong quan giira AOD MODIS va
AOD AERONET tai cac tram AERONET Viét
Nam. Trong d6, cac diu cham tron thé hién gia tri
AOD dbng thoi cia MODIS va AERONET, duong
dut nét biéu dién quan hé 1:1, duong nét lién la
duong hoi quy giita hai chudi s6 liéu nay. Hinh 6a
va 6b 1a phuong trinh hdi quy va hé sé tuong quan
gitta AOD MODIS va AOD AERONET tai tram
Béc Giang va tram Nghia D6, c6 thé thiy cac dau
cham tron dugc phan b twong ddi déu vé hai bén
duong 1:1 va duong hoi quy cit duong 1:1, ching
to gid tri trung binh cac 1an quan tric cia MODIS
va AERONET chénh léch nhau khong nhiéu (tram
Béc Giang chénh léch 0,02, tram Nghla b6 chénh
Igch 0 03) Trong khi phan nhiéu cac chim tron va
duong hdi quy tram cta tram Nha Trang nim &
phia dudi duong 1 : 1 (hinh 6¢), va cua tram Bac
Liéu ndm & phia trén duong 1:1 (hinh 6d). Két qua
nay phan anh gia tri AOD ciia MODIS thap hon
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gia tri AOD cia AERONET tai Nha Trang (hinh
5¢) va nguoc lai, gia tri AOD cua MODIS cao hon
gia tri AOD cia AERONET tai tram Bac Liéu
(hinh 5d). Hé sb twong quan gitra AOD MODIS va
AOD AERONET cao nhit 1a tram Nghia b6, r =

0,90, tiép theo dén tram Bic Giang, r = 0,87, tram
Nha Trang, r = 0,85 va cudi cing 1a Bac Liéu
r = 0,79. Két qua nghién ctru nay phu hop véi két
qua nghién ciru cho mot s noi khac trén thé giéi
(hé s6 twong quan bién ddi tir 0,62 dén 0,99).
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Hinh 6. Biéu db twong quan giita AOD MODIS va AOD AERONET tram Bic Giang (a), tram Nghia D6 (b), tram Nha Trang (c),

tram Bac Liéu (d)

5. Két luan

Trong bai bao nay, chung toi tong két chudi s6
liéu quan tric AOD tai cac AERONET Viét Nam
nhim rat ra cac dic trung AOD cua cic tram ndy
va so sanh v&i AOD thu duogce tir vé tinh MODIS.
Két qua cu thé ¢6 thé tom tat nhu sau:

(i) Vé AOD ¢ Viét Nam qua sb lidu
AERONET:
Do day quang hoc trung binh tai tram Bac

Giang 1a 0,68 (v6i chudi quan tric 2003-2009), tai
tram Nghia D6 1a 0,70 (2010-2014), tai tram Nha

Trang la 0,25 (2011-2014) va tai tram Bac Liéu la
0,24 (2003-2014).

Bién trinh nim cta AOD tai cdc tram Bic
Giang, Nghia D6 va Nha Trang c¢6 hai cuc dai, vao
khoang thang 10 va thang 3, hai cuc tiéu vao
khoang thang 12 va thang 6 hodc 7. Tram Bac Liéu
c6 cuc dai vao thang 1 va cuc tiéu vao thang 7.
Hau hét cac di thuong quan sat duoc déu tap trung
trong khoang thoi gian xay ra cuc dai AOD trong
bién trinh nam cua cac tram. Trong khoang thoi
gian quan tric ké trén, AOD tram Bic Giang c6 xu
thé giam nhe, tram Nghia D6 c6 xu thé giam rd
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rang, tram Bac Liéu c6 xu thé tang nhe, tram Nha
Trang c6 xu thé tang 10 rang.

(ii) So sanh AOD AERONET Viét Nam vdéi
AOD MODIS:

Mtrc d6 chénh léch tinh trung binh cho 12
thang trong nam gita AOD MODIS va AOD
AERONET tai tram Bic Giang 13 0,09, tram Nghia
bo 1a 0,13, tram Nha Trang la 0,05 va tram Bac
Liéu 1a 0,11. Sai sd binh phuong trung binh
(RMSE) cho 172 lan quan sat ciia chudi so lidu
tram Bic Giang la 0,23, cho 45 14n quan sat cia
tram Nghia D6 1 0,22, 142 1an quan sat cta tram
Nha Trang 1a 0,09 va 109 lan quan sat cua tram
Bac Liéu 1a 0,16.

Hé s tuong quan giita chudi sé lieu AOD
MODIS va AOD AERONET tram Nghia D6 c6
gia tri cao nhét, r = 0,90, tiép theo dén tram Bic
Giang, r = 0,87, tram Nha Trang, r = 0,85 va cubi
cung la Bac Liéu, r =0,79.

Mic du sd lugng miu quan tric dé so sanh
chua nhiéu va con can duogc tiép tuc nghién ciru
thém, tuy nhién nhiing hé s6 twvong quan kha cao
nhu trén ciing cho thiy kha ning sir dung s liu
MODIS trong nghién ciru AOD ¢ Viét Nam theo
khong gian va thoi gian 14 rit kha quan.
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