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Toém tit:

Giam sat nhiét do bé mit dat (NDBMD) bang vién tham duoc tng dung rong rai nhung dnh hudng cta lop
pht dat dén NPBMD it dugc quan tam. Nghién ctu nay nhdm phan tich anh hudng ctia 16p pht dat dén
NDBMBD tai thanh phd H6 Chi Minh (TP.HCM). Dya trén anh v¢ tinh Landsat 8 ngay 29/3/2015, phuong
phép phan loai xac suat cuc dai dugc st dung dé phan loai 16p pht dat thanh 7 loai: bé mat khong tham, dat
trong, mat nudc, may, thuc vat day, thuc vat thua, thuc vat trung binh. NDPBMDP duoc trich xuat theo hé s6
phét xa mat dat, chi so thuc vat. Anh hudng cua 16p phu dat dén NDBMD dugc danh gia b?mg phén tich lan
can trong GIS. Két qua cho thdy bé mat khong thdm 1a 16p phu dat vu thé, NDBMD ctia khu vuc phan lon
bang hogc thap hon 34,9°C. NDBMD trung binh ctia pixel bé mit khong tham va dat tréng giam khi cac pixel
1an cén c6 muc do che phu thuc vat cao. Cac pixel 1an can la bé mat khong thdm, dat trong lam ting NDBMD
trung binh ctia pixel trung tam la mat nuéc. NDBMD trung binh ctia pixel thuc vét ti 1¢ nghich véi mtc do
che phti thuc vat ctia cac pixel 1an can. Két qua nay c6 y nghia trong viéc phéat trién giai phap giam thiéu tac
dong NDBMD do6i voi moi truong do thi.

T khéa: phin tich lan cin, 6p phi dat, nhiét d6 bé mdt dat, Landsat 8, TP. Ho Chi Minh

@ Trudng Pai hoc Nong Lam TP. H6 Chi Minh; Phuong Linh Trung TP. Tha Ptc, TP. H6 Chi Minh. e-mail:
nguyenduyliem@hcmuaf.edu.vn

® Truong Pai hoc Nong Lam TP. H6 Chi Minh; Phuong Linh Trung, TP. Tha Puc, TP. H6 Chi Minh. e-mail:
nguyenduyliem@hcmuaf.edu.vn

" Tdc gid chju trdch nhi¢m chinh.

Tap chi Khoa hoc Dai hoc Bong A, Tap 4, S6 02(14), Thang 6.2025, tr. 2-21

©Truong Pai hoc Pong A, Pa Ning, Viét Nam ISSN: 2815 - 5807



Application of GIS-Based Neighborhood Analysis
to Assess the Impacts of Land Cover on Land Surface
Temperature in Ho Chi Minh City.

Pham Thi Thu Ngan?, Nguyén Duy Liem®

Abstract:

Land surface temperature (LST) monitoring using remote sensing is widely applied, but the influence of land
cover on LST has received limited attention in the literature. This study aims to analyze the impact of various
land cover types on LST in Ho Chi Minh City (HCMC), one of the fastest-growing urban areas in Southeast
Asia. Based on Landsat 8 satellite imagery acquired on March 29, 2015, the maximum likelihood classification
method was used to classify land cover into seven types: impervious surfaces, bare land, water bodies,
clouds, dense vegetation, sparse vegetation, and moderate vegetation. LST values were extracted using the
land surface emissivity coefficient and vegetation index. The impact of land cover on LST was assessed
using neighborhood analysis in GIS. The results show that impervious surfaces are the dominant land cover
in HCMC, with most areas having an LST of 34.9°C or lower. Additionally, the average LST of impervious
surfaces and bare land decreases as neighboring pixels have higher vegetation cover. Impervious surfaces
and bare land in neighboring pixels increase the average LST of water body pixels. The average LST of
vegetation pixels is inversely correlated with the vegetation cover of neighboring pixels. These findings
provide crucial insights into urban heat management and can inform strategies for mitigating the impact of
LST on the urban environment, such as increasing green spaces and improving urban planning.
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bit van dé

Trong thoi dai cong nghiép hién nay, con nguoi dang phai doi mgt véi mot méi de
doa rat nguy hiém. D6 la tdc dong ctia qua trinh do thi hoa va bién déi khi hau dang dan
hoi ty, theo nhitng céch thiic c6 thé 1am t6n hai dén su bén vimg vé mdi truong, kinh t&, va
xa hoi con nguoi ¢ cac khu vue d6 thi trén thé gioi (UN-Habitat, 2011). R6 rang 1a quy mo,
toc do tang trudng, va mat do ctia dan s6 la nhiing yéu t6 quyét dinh luong phat thai khi
nha kinh & cac thanh ph6 (UN-Habitat, 2011). Theo u6c tinh, dén khoang 2030 trén cé thé
gioi sé co khoang 59% dan s6 thé gioi song ¢ khu vuc do thi, trong do ty 1é nay lan lugt la
81% va 55% & cac qudc gia phat trién va dang phat trién (UN-Habitat, 2011). Sy thay déi 16p
pht dat trong qua trinh d6 thi hda da dan dén thay ddi cac diéu kién vi khi hau va thay vin
khu vyc, bao gém sy hinh thanh cac ddo nhiét do thi va thay déi dong chdy bé mét (Jiang et
al., 2015). Bao nhiét do thi xay ra khi vao cung thoi gian, nhiét d6 trong thanh phd 16n hon
1a nhiét d6 caa cac khu vuc xung quanh. Theo nghién ctru cta Lo et al. (1997) tai thanh pho
Huntsvill, tiéu bang Alabama Hoa Ky, nguyén nhan chinh gay do nhiét la do sur suy giam
16p phti thyc vat va thay thé bé mit dat bang cac vat liéu khong tham khién cho lugng nuéce
di vao khi quyén it hon la tir bé mét tu nhién. Cac qua trinh nay xay ra gan mit dat lam
nhiét do bé mit tdng va lan truyén lén trén vao trong khi quyén. Vi vay, NDBMD la mot
trong nhimg tham s& quan trong nhat trong can bang nudc va trao d6i nang luong gitra bé
mat va khi quyén (Ouyang et al., 2014). N6 khong chi dong vai tro nhu la chi s6 cta thay
d6i khi hau, ma con kiém soat su trao ddi thong lugng nhiét 4n va nhiét hién bé mat véi
khi quyén (Sun, 2003). Ngoai ra, NPBMD la moét bién quan trong dugc st dung cho nhiéu
ung dung nhu khi hau, thay van, nong nghiép, sinh dia hda va cac nghién cau bién dong.
NDBMBD ting do qua trinh d6 thi hoa va bién d6i khi hau ciing gép phén gia ting tdn s6 va
thoi gian song nhiét, gdy anh huong dén moi truong séng va stc khde con nguoi (Wilhelmi
et al., 2004; Christina Koppe et al., 2004). Vi vay, NDPBMD can dugc diéu tra va giam sat.
Chinh vi si quan Iy d6 thi khong chit ché lam 16p pht dat thay déi theo chiéu huéng xau
anh hudng moi truong song ctia con nguoi (Sohl & Sohl, 2012).

TP.HCM la d6 thi 16n nhat Viét Nam, thu hat nhiéu dan nhap cu tir cac vang nong
thon dén lam viéc va sinh séng. Tong dan s6 cia TP.HCM dén ndm 2030 dugc du béo
khodng 11,9 triéu nguoi; dén ndm 2040 khoang 14,0 triéu nguoi; dén ndm 2050 khoang 15,8
triéu nguodi (UBND TP. H6 Chi Minh, 2024). Téc d6 phat trién d6 thi nhanh chéng lam thay
déi tinh chat bé mat cta thanh pho, gy ra nhimg bién déi vé vi khi hau va cau tric cta cac
truong khi tuong trong 16p bién, dién hinh 1a hiéu tng dao nhiét do6 thi (Luong Van Viét,
2007). Nhiet do cua TP.HCM dang gia tang v6i mac khoang 0,02°C/nam dudi ap luc cta
qué trinh phét trién kinh t€ - xa hoi. Trude tinh hinh d6, nhu cau uoc tinh, giam sat dién
bién thay d6i NDBMD, ciing nhu du bao xu huéng NDBMD tuong lai la rat can thiét nham
cai thién chét lugng moi truong song cta nguoi dan.



Hién nay, cong tac gidm sat NDBMP béang phuong phap vién tham da dugc quan
tam va tng dung rong rai trén thé givi. Co thé ké dén nghién ctru st dung Landsat dé uoc
luong mai quan hé gitta NDBMBD va thyc vat thong qua chi s6 thyc vat khac biét chuan hoa
(NDVI - Normalized Difference Vegetation Index) tai thanh phd Indianapolis, My (Weng
et al., 2004). Vai tro cta thuc vat trong gidm nhiét d¢ bé mit cing duoc lam rd trong mot
nghién cau tai Puc (Alavipanah et al., 2015). Mot nghién ctru st dung chudi thoi gian anh
Landsat (1989, 1999, 2009) dé xac dinh su thay d6i l6p pht dat qua cac ndm va diéu tra dnh
hudng caa thay déi d6 dén NDBMD tai Bangladesh (Ahmed et al., 2013). Tai Viét Nam, da
c6 nhitng nghién cttu tng dung vién tham tim ra méi quan hé gitra 16p pha dat va nhiét
do bé mat tai cac thanh pho 16n nhu TP.HCM (Tran Thi Van, 2011), Hai Phong (Lé Van
Anh & Tran Anh Tudn, 2014), tinh Quang Binh (Lé Van Anh & Tran Anh Tuén, 2014) Tuy
nhién, anh hudng cta muc do tap trung cua tung loai 16p phu dén NDBMD thi chua duoc
cac nghién cau dé cap dén.

Muc tiéu ctia nghién ctru nhdm tng dung phan tich 1an can xac dinh dnh huéng cta
16p phu dat dén NDBMD tai TP.HCM. Cac muyc tiéu cu thé bao gom: (1) Thanh lap ban dé
16p phu dat; (2) Thanh 1ap ban d6 NDBMD; (3) Phan tich anh hudng ctia 16p phu dat dén
NDBMBD tai TP.HCM béng phuong phap phan tich 1an can.

Dit liéu va phuong phap nghién ctru
Khu vuc nghién ciru

TP.HCM la db thi 16n nhat nuéc ta, c6 toa do dia ly 10°10” - 10°38’ vi do Béc va 10622’
- 106°54’ kinh d6 Pong (Hinh 1). Vé tiép giap, phia Bac gidp tinh Binh Duong, phia Tay
Béc giap tinh Tay Ninh, phia Dong va Pong Béc giap tinh Péng Nai, phia Dong Nam giap
tinh Ba Ria -Viing Tau, phia Tay va Tay Nam giap tinh Long An, Tién Giang va phia Nam
gip bién Dong (UBND TP. H Chi Minh, 2011). V& mit dia hinh, thanh pho c6 hai dic
diém chti yéu sau: (1) Pia hinh déng bang thap (noi cao nhat khong vuot qua 40 m, nhiéu
chd con thap triing), bé mit twong déi bang phang va bi chia cit bdi mang luéi song ngoi,
kénh rach day dic. (2) Dia hinh c6 xu huéng thap dan tir Tay Bac xuéng Dong Nam, nhung
do d6c nhé. Thanh phé ndm trong viing hau nhiét déi gié mtia mang tinh chat can xich
dao. Luong buc xa tuong d6i 16n, dat trung binh khoang 140 kcal /cm?/ndm. S6 gio néng
trung binh trong ngay la gan 6 gio. Bién do nhiét trung binh gitta cac thang trong nam thap,
khodng 2 - 3°C. Khi hau ctia thanh phd duoc chia thanh hai mua r6 rét: mia mua tir thang
5 dén thang 11, mua kho tir thang 12 dén thang 4 ndm sau. Luong mua trung binh dat trén
duéi 2.000 mm/ndm va phan bd khong déu theo khong gian va thoi gian (UBND TP. HO
Chi Minh, 2011). Vé ngudn nudc, ndm & ving ha luu hé théng song Déng Nai - Sai Gon,
TP.HCM c6 mang ludi song ngoi kénh rach rat phat trién, bao gdm hai hé théng song 16n
la song Pong Nai va song Sai Gon.



TP.HCM 1a thanh ph6 dong dan nhat ¢ Viét Nam va la moét trong nhiing do thi 16n
trong khu vuc Dong Nam A va thé giéi. Dan s6 TP.HCM c6 xu huéng tdng nhanh chéng
trong thoi gian gan day. Nam 2022, quy mo6 dan s6 TP.HCM 1a 9.367.066 nguoi, chiém
9,31% déan s6 toan qudc va cao nhét trong 5 d6 thi tryuc thudc Trung uong. Trong giai doan
10 ndm (2011 - 2022), toc do tang dan so trung binh ctia TP.HCM dat 1,93% /ndm, cao hon
toc do ting trung binh ctua toan qudc. Mat do déan s6 toan Thanh phd ndm 2022 la 4.470
nguoi/km?, cao gdp 14 lan mat do trung binh ctia cad nudc (UBND TP. H6 Chi Minh, 2024).
TP.HCM da vuot qua ngudng cua do thi siéu hang va dang c6 khuynh huéng trd thanh
thanh pho cuc 16n. Hién nay, thanh phé chia thanh 3 khu vuc d6 thi chinh, bao gom khu
trung tdm noéi thanh ct (c6 13 quén), ndi thanh mai (Quéan 7, 12, Binh Tén, thanh phd Thu
Drc) va ngoai thanh (5 huyén). Trong d6 khu noi thanh cti va cac quan méi phat trién la
khu vuc dang dién ra toc do do6 thi hda cao, con lai khu ngoai thanh 1a khu vyc c6 dién tich
dat nong nghiép con nhiéu va la khu vuc giéi han t6i da d6 thi hoa.
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Dir liéu

Dt liéu st dung trong nghién ctru dugc thu thap tir nhiéu nguén khéc nhau, bao gom:
Cuc Khao sat Dia chat Hoa Ky, S& Tai nguyén va Méi truong TP.HCM, T6 chtic Khi tugng
Thé gidi, Trung tam Dy bao Moi truong Qudc gia Hoa Ky. Thong tin mo ta chi tiét duge
thé hién qua Bang 1, Bang 2.

Bang 1. Dit liéu duoc st dung trong nghién ctru

TT Tén dit liéu Nguon dix liéu
Anh veé tinh Landsat 8 ch 5 .
1 mhvetnh Landsat & cidp hgay Cuc Khao sat Dia chat Hoa Ky

29.3.2015

Ban d6 hién trang st dung dat

2 5 Tai én va Moi ong TP.H
it 2015 So Tai nguyén va Moi truong CM
3 |Ban d6 hanh chinh So6 Tai nguyén va Moi truong TP.HCM
4 |56 liéu thoi tiet T6 chitc Khi tuong Thé gioi
5 | Tham s6 khi quyén Trung tam Dy bao Moi truong Qudc gia Hoa Ky
Béang 2. Gia tri ctia cac yéu t0 thoi tiét
Ngay Gio Cac yéu to thoi tiét Gia tri
Nhiét d6 khong khi (°C) 33
10:00 | Do &m tuong d6i (%) 46
Ap sudt khi quyén (hPa) 1.012
29.3.2015 Gid | Tham s6 khi quyén ) Gia tri
Gia tri buc xa di xuong (W.m2pm™) 6,26
10:13 Gia tri btic xa di 1én (W.m2.pm™) 411
Heé s6 truyén dan (hPa) 0,52

©) The Weather Company. LCC (2016); © NASA (2011)

Phwong phdp nghién citu

Phuong phéap nghién ctu cta dé tai duoc thuc hién theo Hinh 2. Trong d6, budc 1
1 thu thap cac dit liéu lién quan vé déi tugng nghién cttu va khu vuc nghién cau. O buébe
2, 3, 4 tién hanh thanh lap ban d6 16p phu dat gom: tién xtt 1y anh (cit anh theo khu vuc
nghién ctu), phan loai anh va danh giad do chinh xac sau phan loai. Tiép dén, budc 5, 6,
7 tién hanh thanh 1ap ban @6 NDBMD gdém: hi¢u chinh khi quyén, tinh hé s6 phat xa va



u6c tinh NDBMD. Buéc 8 xac dinh loai 16p pha dat 1an can xuat hién nhiéu nhat bang
ham Majority. Tiép dén, budc 9, 10 1ay s6 lan xuét hién nhiéu nhat caa 16p phu dat tai céc
pixel lan can quanh pixel trung tam trong khung ctra s 3x3 bang ham Sum, Equal To va
Maximum. Cu6i cing 1a bude 11, 12 tién hanh thong ké phan tich anh hudng cua 16p phu
dat len NDBMD.

(1) Thu thap dir liu
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Hinh 2. Quy trinh phuong phap nghién cttu



Phuong phdp thanh ldgp ban do 16p phi dat

Nghién ctru st dung phuong phap phan loai xac suét cuc dai (Maximum Likelihood
Classification) dua trén co sé gia thiét ham mat do xac suat tuan theo luat phan b chuan.
MOi pixel duogc tinh xéc suat thudc vao mot loai nao do6 va dugce chi dinh gan tén loai ma
xac suat thuoc vao loai d6 1a 16n nhat.

Phurong phdp thanh 1dp ban do nhi¢t do bé mat dat

Chuyén déi gia tri s6 sang gid tri btic xa cho kénh 10 theo cong thtc 1:

B, =0,0003342 * Qo + 0,1 M

Trong d6, B; la gia tri biic xa dén vé tinh (W.m?.srad’.um™), Q__ la gid tri s6 ctia pixel
va luong tir héa (tht nguyén).
Chuyén déi gia tri s6 sang gid tri btic xa cho kénh 4, 5 theo cong thic 2:

_MpQcut A
PA= " Sin(Bse) (2)

Trong d6: M lalahé s nhan phan xa cho kénh Red va NIR dugc mo té trong metadata
(W.m?2srad™.um™), Q_ 1a gia tri s6 ctia pixel da duoc hiéu chinh va lugng ta hoa (tha
nguyén), A, 1a hé s6 cong phan xa cho kénh Red va NIR dugc mo6 ta trong metadata (W.m™
srad’.um™), @se:goc A6 cao Mit Troi (d0).

Tiép theo, dé chuyén déi gia tri bic xa dén vé tinh (cho kénh 4, 5) sang gia tri phan xa
ctia bé mit dat, nghién ctu stt dung m6 hinh hiéu chinh khi quyén FLAASH (Fast Line-of-
sight Atmospheric Analysis of Spectral Hypercubes) trong phan mém ENVI. Hiéu chinh
khi quyén duoc thuc hién nhdm loai bd cac dnh hudng cta khi quyén dén tin hiéu phan
xa thu dugc tir cdm bién. M6 hinh FLAASH dugc st dung vi day 1a cong cu manh mé, cho
phép hiéu chinh dit liéu &nh da phd hodc siéu phé dya trén cac thong s6 khi quyén cu thé.
Nguyén ly tinh gia tri biic xa B, tai mot pixel trén cam bién theo phuong trinh 3:

ap bp,

EA=(1_pg5)+[1_p95)+Ba (3)

Trong do, p la gia tri phan xa cta bé mat dat, p_la gia tri phan xa trung binh cta bé
mit dat va vung lan can, B_ 1a btc xa nguoc gay ra bdi tan xa cta khi quyén (W.m2srad ™.
um™), a va b 1a hé s6 phu thudc vao diéu kién khi quyén va hinh hoc, S la suat phan chiéu
hinh cau cua khi quyén. Gia tri a, b, S, B, duoc tinh tir m6 hinh MODTRAN4 (MODerate
resolution atmospheric TRANsmission) dya trén goc nhin cta vé tinh, géc mat troi va
do cao trung binh cua bé mit dat thong qua khai béo cac bién dau vao bao gom mo hinh
aerosol (Urban-d6 thi), mé hinh khi quyén (Tropical-nhiét d6i), tim nhin ban dau (40 km).
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MODTRAN4 duoc lya chon vi kha nidng moé phdng chinh xac qua trinh truyén dan buc
xa qua khi quyén trong nhiéu diéu kién khac nhau. M6 hinh nay hd tro dai phé rong, tir
cuc tim dén héng ngoai xa, va cho phép tlty chinh cac kiéu khi quyén (nhu tropical, mid-
latitude) va aerosol (urban, rural). V6i kha ndng cung cap céc tham s6 can thiét nhu hé s6
phén xa, btic xa, va do truyén dan, MODTRANA4 gitp loai bd anh huéng khi quyén, dam
bao dd chinh xac cao trong phan tich dit liéu vién tham. Mo hinh nay ciing da duoc kiém
chiing va tng dung rong rai trong cac nghién ctru va du 4n qudc té.

Dé tinh hé s6 phat xa mit dat ¢, nghién ctu dua vao phuong phap NDVI. Gia tri
ngudng NDVI;, NDVIy (tuong tng la chi s6 thyc vat cda thuc vat va dat thuan tay) duoc
xéc dinh bang cach ké thira va ldy gid tri trung binh caa NDVIg, NDVIy (da kiém nghiém
tai thuc dia) tai 4 thoi diém trong nghién ctu Tran Thi Van (2011) v6i két qua 1an luot 1a 0,1
va 0,7. Phuong trinh ngudng NDVI cho khu vuc nghién cttu nhu cong thuc 4:

0,98 NDVI<0 Nudc
0,980 — 0,042p, .4 0<NDVI<0,1 Dit trong
E = JR—
€ + (Ev - ES)PU + 4dspv (1 - pv) HSn hop d?{t, (4)
0,993 0,1 <NDVI<0,7 thue vat
NDVI > 0,7 Thuc vat

Trong do, p, ,1a gia tri phan xa ctia kénh do, € va ¢ la hé s6 phat xa cta thuc vat va
dat thuan tay duoc tinh theo tinh theo cong thtic 5 (Bang 3) (Van De Griend & Owe, 1993),
Pv 1a hop phan thuc vat dugce tinh theo cong thuc 6, de 1a gia tri hiéu tng 16 rdng ctia bé
mit nham (do tinh chat gd ghé ctia phan ta 0 nham dan dén bt xa ghi nhan trén bo cam
bién cao hon buc xa phét ra tryc ti€p boi cac phan tr 4o nham) dugc tinh theo cong thic 7
(Valor & Caselles, 1996).

£,/s = 1,0094 + 0,047 In(NDVIL, ;) )

(6)

B ( NDVI — NDVI, )2
*  \NDVI, — NDVI.,

d. = 4d—spv(1_Pv) (7)

Véi % la gia tri trung binh cta cdu trac thuc vat. Gia tri nay dugc tham khéo tir
nghién ctru (Caselles et al., 2011) (Bang 4).
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Béng 3. Gia tri NDVI, hé s6 phat xa cua dat trong,
thuc vat thuan tay trén anh vé tinh

NDVI, NDVI, ce, e,

0,1 0,7 0,901 0,993

Nguon: Tic gid

Bang 4. Gia tri d, caa ting 16p phu dat trong buéc séng 11 pm, 12 pm

L6p phu dat Budc song 11 pm Budc song 12 pm
Cay ngap nudc/mua vy/dong cd 0 0
Rimg ngap nudc/ cay bui 0,014+0,004 (d?{t) 0,010+0,003 (dé:t)
0,004+0,001 (nudce) 0,007+0,002 (nudce)
Cay bui 0,014+0,004 (dat) 0,010+0,003 (dat)
Ring la rdng/1a kim rung 14 0,019+0,006 0,015+0,004
Rtmg la rong/1a kim thuong xanh 0,019+0,005 0,015+0,004

Caselles et al., (2011)

Nghién ctru ti€n hanh hiéu chinh khi quyén cho kénh 10 theo phuong trinh truyén
dan 8:

B, — BT 1-—
_ —~——"B1 (8)
ET £

Ehc

Trong do, B, 1a gia tri btc xa da hiéu chinh khi quyén (W.m?2.um™), B;la gia tri btic xa
trén vé tinh (W.m2.um), BT 1a gia tri btc xa di lén (W.m2.um™), Bl 1a gié tri buac xa di xudng
(W.m2.um™), 7 1a hé s6 truyén dan, ¢ 1a hé s6 phat xa. Gia tri BT, BL, 7 chi tiét tir Bang 2.

Tt dinh luat Planck, suy ra NDBMD dugc xac dinh theo cong thic 9:

K;

in (g2 +1) ©)

T =

Trong do, T la NDBMD nhan tai vé tinh (K), B, la do btic xa mat dat da hiéu chinh
(W.m?2.srad™.um™) duoc tinh tir phuong trinh (9), K, 1a hdng s6 hiéu chinh 1 (W.m?srad".
um™), K, 1a hang s6 hiéu chinh 2 (K).
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Phuwong phdp phan tich lan cin

Dé xac dinh anh hudng cua cac pixel 16p phu lan can dén nhiét do pixel trung tam,
nghién cttu sit dung phuong phap phan tich 1an can, cu thé 1a cong cu Focal Statistics véi
khung ctra s6 truot la 3x3 (ESRI, 2024). Trudce tién, xac dinh loai 16p pht uu thé quanh pixel
trung tam trong viing ctra sd truot bang ham Majority (Hinh 3).

.

Raster dau vao Raster daura

Hinh 3. M6 phong ham Majority trong cong cu Focal Statistics

Sau khi da biét loai 16p phu uvu thé quanh pixel trung tam, nghién cttu st dung cong
cu thong ké khong gian theo timg pixel (Cell Statistics) dé xac dinh s& 1an 16p phu dat xuat
hién tai pixel 1an can. Trudc khi dung chitc ndng nay, can dém s6 1an xuét hién cia moi
loai 16p phu trong khung ctra s6 3x3 bang cong cu Focal Statistics két hop v6i ham Sum va
EqualTo nhu Hinh 4. Ham EqualTo so sénh gié tri 16p phu tai ting pixel caa hai raster dau
vao. Néu gia tri 16p phu giong nhau thi két qua tra ra 1a 1, nguoc lai két qua la 0. Sau do,
ham Sum tinh téng s6 1an xuat hién cta gia tri d6, bang cach cong cac gia tri 1. Cudi cting,
diing ham Maximum trong Cell Statistics dé xac dinh s6 1an pixel 1an can wu thé xuat hién.

Ham EqualTo Ham Sum

Raster dau vao Héng so/Raster dau  Raster dau ra Raster dau vao Raster dau ra
vao

Hinh 4. M6 phong ham EqualTo va ham Sum trong cong cu Focal Statistics

Két qua va thao luan
Bdn d6 16p phu dit

Két qua giai doan 16p pha dat TP.HCM nam 2015 thé hién qua Bang 5 va Hinh 5.
Theo d6, dién tich bé mit khong tham chiém da s6 v4i 29,4 %, phan bo & cac quan noi thanh
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cti, ndi thanh méi va doc cac tuyén duong chinh. Dat trong chiém 9,7% tap trung 6 phan
16n 6 huyén Binh Chanh, H6c Mén, Ca Chi va thanh phd Tha Bac. Mat nude chiém 14,4 %
phén bd chu yéu trén Song Sai Gon va huyén Can Gio. Thuc vat day chiém 9,9% tap trung
tai huyén Can Gio, dién tich gidam di do phan l6n bi may che phua. Thuc vat trung binh va
thua lan luot chiém 11,4%, 16,6 % phan bo chu yéu tai huyén ngoai thanh nhu Ca Chi, Binh
Chanh, H6oc Moén.

Béang 5. Dién tich ctia 16p phu dat nam 2015

Lop pha dat Dién tich (ha) Ti 1é (%)
Bé mit khong thAm 57.544,02 294
Pat trong 18.976,86 9,7
Mat nudc 28.294,83 14,4
May 16.902,72 8,6
Thuc vat day 19.291,68 9,9
Thuc vat thua 32.497,11 16,6
Thuyc vat trung binh 22.335,39 11,4
Téng 196.059,78 100,0

Viéc 1dy mau danh gia dua trén phuong phéap khao sat trén anh vé tinh, anh Google
Earth va ban d6 hién trang st dung dat cia TP.HCM ndm 2015. B6 mau kiém tra tuong
ung voi 6 loai 16p phu dat, duoc 1dy nglu nhién véi s6 luong trén 30 pixel cho moi mau.
Cac mau nay sau d6 duoc chéng ghép 1én 16p phan loai dé tinh thong ké cho ra ma tran sai
s0. Do chinh xéc toan cuc cua phan loai 16p pha dat nam 2015 1a 80,8%, chi s6 Kappa 1a 0,7
(Bang 6). Trong céc loai 16p phua dat, thuc vat trung binh dugc phan loai c6 d6 chinh xac
thap nhat (53,7%) va bi phan loai nham vao 16p thuc vat thua.

Béng 6. P9 chinh xac két qua phan loai 16p pha dat nam 2015

Lop phu dat B0 chinh x;’lojo?guc‘ri ding D¢ chinh xac san xuéat (%)

Bé mit khong tham §0,17 93,6
DAt trong 63,6 61,8
Mt nudc 90,6 95,1
Thuc vat day 81,6 86,4
Thuyc vat trung binh 73,3 53,7
Thuc vat thua 58,9 57,9
D¢ chinh xac toan cuc (%) 80,8

Hé s6 Kappa 0,7
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Bdn do nhiét do bé mdt dit

Nhiét d¢ thanh phé dao déng 0 - 56,7°C véi gia tri trung vi 34,9°C (Hinh 6). Gié tri 0
ghi nhén tai cac vi tri may va bong may chua dugc loai bé hoan toan. Khoang 75% dién tich
thanh phd c6 NDBMD béng hoéc thap hon 34,9°C. Noi cé NDBMD cao hon 40°C chiém
khodng 24,2% dién tich d6 thi, phan bé tap trung & khu trung tdm va mo rong ra cac quan
huyén theo huéng Pong - Dong Bic, Bic - Tay Bic va Tay - Tay Nam. Pa s6 khu vuc ¢6
nhiét d) cao tap trung tai cac khu cong nghiép, bai rac, khu dan cu va vung dat trong. Khu
vuc c6 nhiét d6 thap dudi 25°C chiém 9,4% dién tich thanh pho, tap trung é huyén Can Gio,
mot phan nho Binh Chanh va thanh pho Thu Dc.

Anh hieéng ciia 16p phit ddt dén nhiét dp bé mat dat

Nam 2015 phan 16n s6 pixel lan can cung loai v6i pixel trung tAm chiém uvu thé hon
cac pixel lan can khéc loai (Hinh 7, Bang 7). Ngoai ra, dat trong lan can gop phan lam
NDBMBD trung binh cua pixel trung tdm cting loai cao hon so v6i pixel bé mdt khong tham
lan can. Mac do che phu thuc vat ctia pixel 1an can ti 1¢ nghich véi NDBMD trung binh
pixel bé mat khong tham trung tam. Doi voi pixel dat trong, su xuat hién cang nhiéu pixel
lan can la thyc vat trung binh, thuc vat day hodc mat nuéc lam NDPBMD trung binh pixel
trung tam giam lan lugt 8,6°C, 12,3°C, 14,8°C. i v6i mit nudc, pixel lan can 1a bé mit
khong tham hodc dat trong chiém uu thé 1an luot lam ting NDBMD trung binh cua mit
nuoc khoang 9 - 10°C. D6i voi 16p thuc vat, NDBMD trung binh pixel trung tdm thay doi
theo ti 1& nghich vao mtic d6 che phu thuc vat cta pixel lan can.

Da6i voi truong hop pixel trung tam la bé mat khong tham, pixel mét nudc, thyc vat
trung binh va thuc vat day lan can xuat hién uu thé lam NDBMD trung binh cua pixel
trung tam giam xuong 6 - 14°C. Chi riéng pixel thuc vat thua lan can giap nhiét do trung
binh cta pixel trung tdm giam 2°C. Piéu nay c6 nghia la mtic d6 che phu thuc vat caa pixel
lan cén ti 1¢ nghich véi NDPBMD trung binh pixel trung tam.

Doi voi truong hop pixel trung tam 1a mat nudc, pixel mat nudc 1an can xuét hién
cang nhiéu thi NDBMD cang gidm. Ngoai ra, mgt nuéc ndm gan ké véi nhiéu pixel bé mét
khong tham (> 6 pixel) thi NDBMD pixel mat nudc cao trén 45°C. Véi nhiing pixel thuc vat
day chiém wu thé ndm lan can véi mit nuoc lam NDBMD trung binh ctia mit nude gidm
1,6°C (tur 26,7°C xudng 25,1°C).

Doi voi truong hop pixel trung tdm la thuc vat day, so lan pixel lan can cung loai uu
thé vai pixel trung tam xudt hién cang nhiéu thi NPBMBD cua pixel trung tdm cang nho (<
30°C). NDBMD trung binh pixel thuc vat day ting dan khi c6 cac loai pixel lan can uu thé
1an lugt la mdt nudc, thyc vat trung binh, thuc vat thua va bé mit khong tham.
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béi voi truong hop pixel trung tam 1a thuc vat thua, s6 luong pixel lan cén la thuc
vat trung binh chiém nhiéu nhat, 1am NDBMD trung binh cda thuc vat thua giam 3,6°C (tur
37,2°C xudng 33,6°C). bDat trong lam NDBMD trung binh cua thuc vat day ting cao nhat
(40,3°C), ti€p dén la pixel 1an can bé mit khong tham (36,7°C), thap nhat la pixel thuc vat

day lan can (28,8°C).

D6i voi truong hop pixel trung tam la thuc vat trung binh, so luong pixel lan can 1a
thuc vat trung binh chiém nhiéu nhat. Bé mit khong thdm lam ting NDBMD trung binh
cta pixel trung tdm thém 4,7°C so v6i noi tap trung toan thuc vat trung binh. Thuc vat day
giam 2,7°C NDBMBD trung binh ctia pixel trung tam.

D6i voi truong hop pixel trung tdm 1a dat trong, s6 luong pixel 1an cén 1a dat trong
chiém nhiéu nhat. NPBMD trung binh cua dat trong cao nhat khi c6 bé mét khong tham
lan can chiém uu thé. Ngoai ra, thuc vat thua ndm lan can véi dat tréng lam NDBMD dat
trong dao dong 25 - 39°C.
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Hinh 7. M6i quan hé gitra loai pixel 1an can dén nhiét d¢ bé mat dat cta loai pixel

trung tam ngay 29.3.2015

Bang 7. M6i quan hé gitra loai pixel 1an cin dén NDBMD cua loai pixel trung tam

L.oqi o o Sf)' piicel %’diér: tich NDBEMP NBBN{B
pixel Loai pixel 1an can lan cén ctra sO 3x3 (C) trung binh
trung tam (n) (n/9*100) (°C)
. . 1-8 >78 38 - 54
Bé mat khong tha 40,2
¢ mat khong tham 1-8 >22 <38
e 3-8 > 44 > 43
o Dat trong 1.6 2 77 <43 40,1
Bé mat
Khon Mat nudc 1-8 > 22 18 - 49 34,1
tha Y Thuc vat da 12 < >3 26,1
am vevataay 3-8 > 44 <33 ’
Thuyc vat thua 4-7 55 - 88 30 - 47,7 38,4
1-3 <44 > 37
Thuc vat trung binh 3_7 > 44 <37 34,8
Bé mit khong tham 1-8 >22 33 -51 41,4
S 6-8 > 77 > 45
bat tr6 43,2
attrong 1-7 2288 <11 5
Dit tréng Mit nude 1-8 >22 21- 39 28,4
Thuc vat day 1-8 >22 25 -37 30,9
Thuyc vt thua 1-7 > 22 32 - 47 40,1
Thuc vét trung binh 1-7 >22 25-43 34,6
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L.ogi o o Sf)’ pi)A(el %7dié1J tich NDBMD NBBN{B
pixel Loai pixel 1an can lan can ctra sO 3x3 () trung binh
trung tam (n) (n/9*100) (°C)
Bé mat khong tham 1-8 > 22 21 -50 35,8
bat trong 3-6 44 - 77 23 -50 36,7
7-8 > 89 <30
Mit nud 26,7
—_ at nudc e < - 50
at nuéc o 1-4 <55 <30
Thuc vat day 4.8 > 55 > 30 25,1
Thuc vat thua 1-5 <66 27 - 43 34,9
Thuc vat trung binh 1-5 <66 25 -40 32,5
Bé mit khong thdm 1-2 <33 34 - 37 35,6
Mat nu6c 3-7 44 - 88 20 -39 294
Thye vat 6-8 >77 <35
day Thuc vat day 1.6 <77 > 135 23,7
Thuc vat thua 3-7 44 - 88 26 - 36 31,3
Thuc vat trung binh 6-8 >77 26 - 36 31,1
Bé mit khong thdm 1-7 <88 25 -53 38,7
bat trong 1-7 <88 32-49 40,7
| Mat nuéc 1-7 < 88 26,6 - 41,1 33,8
Thuc vat
th Thuc vat day 3-7 44 - 88 24 - 36 29,6
ua
Thuc vat thua 4 -7 55 - 88 30 -45 37,2
6-8 > 77 <32
Thuc vat trung binh 1.6 <77 > 30 33,6
Bé mat khong tham 1-3 <44 26 - 47 36,7
bét trong 1-3 <44 33 -48 40,3
Thuc vat | Médt nuéce 1-7 <88 22 -39 31,1
trung N 6-8 >77 <31
binh Thuc vat day 1.6 <77 > 31 28,8
Thuc vat thua 3-6 44 - 77 27 - 45 36,1
Thuc vat trung binh 3-7 > 44 25 -41 33,1
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Dé xudt gidi phdp han ché dnh hudng ciia nhié¢t d¢ bé mdt ddt trong quy hoach d6 thi

Trong khu vuc noi thanh cti, nhiét do cao (47 - 50°C) thuong tap trung ¢ khu cong
nghiép, cac co sd san xuét kinh doanh (dét, nhya), chg ddu moi Binh Dién (Quan 8) va san
bay Tan Son Nhat. Nguyén nhan la do dién tich dat danh cho trong cay xanh trong cac khu
vyc nay thdp. Vi vay, tai nhitng nha mdy, bai kho hang c6 dién tich han hep nén bd sung
dién tich cay xanh doc tuyé’n duong, hodc st dung cac ki thuat lam mat mai ton khi xay
dung. Boi v6i nhitng khu cong nghiép, khu ché xuét c6 dién tich 16n hon nén danh mét khu
dat dé trong cay dang cong vién t6i thiéu 0,5 ha hodc xay dung cac hé diéu tiét nudc. B6
sung dién tich cdy xanh quanh cac nha 16ng ctia chg ddu moi Binh Dién thap va gidm nhiét
do mai 16ng bang cach phun son chdng néng. Nhiét do cao tai cac san bay sé lam gidm kha
nédng cat canh ctia mdy bay. Dé tranh diéu nay, nén thiét ké mo hinh san bay than thién moi
truong v6i nhiéu cay xanh trude va sau tir qudy lam thu tuc t6i céng. Ngoai ra, ngudn nudc
tai cac kénh rach 6 nhiém trong khu néi thanh khong c¢6 kha ning diéu hoa NDBMD, do
vay can cai tao va trong cay xanh doc cac dong kénh rach nay.

Trong khu vuc ndi thanh maéi, bé mat khong thdm c6 NDBMD trén 50°C tap trung
tai cac khu cong nghiép (nhu Cét Léi, Linh Trung, Tan Tao, Tan Thuan), khu ché xuét, nha
may ché bién gb Fotime. Thong thuong, cac nha may duge xay dung gan nhau tap trung
trong 1 khu vuc, diéu nay lam NDBMD cong hudng tang cao. Do vay, dé gidm nhiét do &
nhing khu nay can xay dung gian cach cac nha may, dong thoi b tri xen ké cdc nha mdy 1a
hang cay 16n doc duong di, cay xanh dang cong vién hodc ho nudc va trong cy xanh xung
quanh hoé. Doi voi nhiing nha may 16n mdc dut c6 cay xanh xung quanh nhung nhiét do
van cao, can gidam nhiét cho mai ton bang cach phun son chéng néng phia trén mai két hop
vOi lép mang nhom phan xa nhiét phia dudi mai ton, hodc thiét lap hé thong phun suong,
thong gi6 truc ti€p trén mai ton. Tai cac khu vuc bén cang, bai dd xe container, xe khach la
nhting noi c6 NDPBMD cao (45 - 50°C) can thiét k€ trong thém cay xanh doc 161 di. Khu dat
trong c6 NDBMBD trén 50°C 1a nhiing khu dat hoang chua st dung ¢ thanh phé Tha Pruc,
Quaén 12. Pay 1a nhing khu vuc dugc quy hoach 1a dat ¢ va dat chuyén dung, nén khi xay
dung can chua y phoi hgp xay dung thém ho boi, hd nudc cong vién chiém khoang hon 55%
dién tich. Khi d6, NDBMD dat tréng c6 thé gidm xudng 14°C. Déi vi mdt nude c6 nhiét do
trén 48°C tap trung tai cac bén cang, khu cong nghiép, nén trong thém cay xanh 16n c6 thé
giam nhiét 3 - 4°C.

Trong khu vuc ngoai thanh, ngoai cac khu cong nghiép, bai rac va khu vuc xu ly chat
thai la nhing noi xuat hién NDPBMD cao. Déi v6i céac khu cong nghiép, khu ché xuét can
c6 cac gidi phap giam nhiét duogc thuc hién tuong tu nhu ¢ khu vuc ndi thanh méi. e ngoai
thanh c6 uu thé vé dién tich hon trong ndi thanh mai nén dé dang ap dung xay dung nha
mady gian cach va xen ké cay xanh hon. Tai céc bai chon 1ap réac thai san sinh nhiét cao, can
thiét lap nhiing hé théng quan Iy nhiét (khai thac, diéu chinh va bd sung) dya trén mo hinh
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phan tich thyc nghiém dé xac minh tinh hiéu qua va kha thi. Ngoai ra, viéc xdy dung mot
hé thong xt ly chat thai tai cac bai rac dat tiéu chudn quéc té la diéu can thiét. Tuy nhién
v6i mot luong rac khong 16 ma hang ngay céc bai rac nay nhan xt Iy 1a qua tai. Vi vay bén
canh phti xanh bai rc, cAn nang cao y thttc ngudi dan dé han ché viéc st dung bao ni long
nham bao vé mdi truong song.

Két luan

Nghién ctru da phén loai 16p phua dat, trich xuat NDBMD tur anh vé tinh Landsat 8
chup ngay 29/3/2015, phan tich anh huong cta 16p pha dat dén NPBMD. T d6, dé xuat
nhing giai phdp han ché anh hudng cia NDBMD trong quy hoach do6 thi. Két qua cho thay
d6 chinh x4c toan cuc ctia phan loai 16p phu dat (bé mat khong tham, dat trong, mét nudc,
may, thuc vat day, thuc vat thua, thyc vat trung binh) ndm 2015 1a 80,8%, chi s6 Kappa 1a
0,7. Trong s6 cac 16p phu dat, dién tich bé mdt khong tham chiém da s6 v6i 29,4 %, phan bo
& cac quan ndi thanh cd, ndi thanh méi va doc cac tuyén duong chinh. NPBMDP cta khu
vuc nghién cttu dao dong 0 - 56,7°C véi gia tri trung vi 34,9°C. Khoang 75% dién tich thanh
phd c6 NDBMD béng hodc thap hon 34,9°C. Phan 1én s6 pixel lan can la cung loai v6i 16p
phu dat cta pixel trung tdm. Mtc do che phu thuyc vat cua pixel 1an can ti 1&é nghich voi
NDBMBD trung binh pixel bé mit khong thadm tai trung tam. D61 véi pixel dat trong, su xuat
hién cang nhiéu pixel thuc vat trung binh, thuc vat day va mat nudc lan can lam NDBMD
trung binh pixel trung tam giam lan lugt 8,6°C, 12,3°C va 14,8°C. B6i v6i mit nudc, pixel
1an cén 1a bé mit khong tham, dat trong chiém uu thé€lan lugt 1am ting NDBMD trung binh
cta mdt nudc 9 - 10°C. Béi v6i 16p thuc vat, NDBMD trung binh pixel trung tam ti 1¢ nghich
v6i muc do che phu thuc vat cta pixel lan can.

Nghién ctru con mot s6 han ché vé dit liéu va phuong phép. Trudc tién, thiéu di liéu
thyc dia, ddc biét a thu vién phé phan xa dat tai khu vuc nghién ctru, dan dén kho khan
trong viéc tinh toan NPBMDP. Cac d6i tuong may va bong may gay anh hudng dén qua
trinh thu ho6i nhiét nhung nghién cttu mai chi ding lai 6 viéc loai bo may ma chua xac dinh
16p pht dat bén dudi. Ngoai ra, khong c6 dit liéu do dac thuc dia NDBMD dé danh gia do
chinh xac cta phuong phap. Vé phan tich, nghién ctru chu yéu mé ta dinh tinh méi quan
hé gitta NDBMD va 16p phu dat, chua giai thich duge nguyén nhan cua cac gia tri NDBMD
bat thuong tai mot s6 loai 16p phu dat. Ngoai ra, két qua phan loai 16p phu dat con nham
14n, ddc biét gitta dat trong, thuc vat thua va thuc vat trung binh do kho khin trong viéc
xac dinh mau dat tréng.

Huong phét trién cia nghién ctru bao gém viée tich hop dit liéu thong ké vé dich bénh
buing phét trong mua nang néng va s6 liéu tieu thu dién ndng dé danh gia tac dong cua
NDBMD dén doi song nguoi dan. Bong thoi, phan tich méi tuong quan gitra cac yéu to tu
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nhién va con nguoi dnh hudéng dén NDBMD, nhdm dua ra canh bao va giai phap cho cong
tac quy hoach do thi trong tuong lai.

Tai liéu tham khao

Ahmed, B., Kamruzzaman, M., Zhu, X., Rahman, M., & Choij, K. (2013). Simulating Land Cover
Changes and Their Impacts on Land Surface Temperature in Dhaka, Bangladesh. Remote
Sensing, 5(11), 5969-5998. https:/ /doi.org/10.3390/1s5115969

Alavipanah, S.,, Wegmann, M., Qureshi, S., Weng, Q., & Koellner, T. (2015). The Role of
Vegetation in Mitigating Urban Land Surface Temperatures: A Case Study of Munich,
Germany during the Warm Season. Sustainability, 7(4), 4689-4706. https:/ /doi.org/10.3390/
su7044689

Caselles, E., Abad, F. ]., Valor, E., & Caselles, V. (2011). Automatic Generation of Land Surface
Emissivity Maps. In Climate Change - Research and Technology for Adaptation and Mitigation
(pp. 102-114). InTech.

Christina Koppe, Kovats, S., Jendritzky, G., & Menne, B. (2004). Heat-waves: risks and responses.
World health Organization. Health and Global Environmental Change. Series, No. 2. Copenhagen.

ESRI (2024). Focal Statistics. http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-
analyst-toolbox/focal-statistics.htm

Jiang, Y., Fu, P., & Weng, Q. (2015). Assessing the Impacts of Urbanization-Associated Land
Use/Cover Change on Land Surface Temperature and Surface Moisture: A Case Study in
the Midwestern United States. Remote Sensing, 7(4), 4880-4898.

Leé Van Anh, Tran Anh Tuan (2014). Nghién ctu nhiét do bé mit st dung phuong phép tinh
toan do phat xa tir chi s6 thuc vat. Tap chi Cic Khoa hoc vé Trdi dit, 36(2), 184-192.

Lo, C. P, Luvall, J. C, & Quattrochi, D. A. (1997). Application of high-resolution thermal
infrared remote sensing and GIS to assess the urban heat island effect. International Journal
of Remote Sensing, 18(2), 287-304.

Luong Van Viét (2007). Su phat trién d6 thi va xu thé bién d6i khi hau tai Thanh phd H6 Chi
Minh. Tap chi Khi tugng Thuy vin, 558, 29-36.

NASA (2011). Atmospheric Correction Parameter Calculator. http:/ /atmcorr.gsfc.nasa.gov/

Ouyang, X, Jia, L., Pan, Y., & Hu, G. (2014). Retrieval of Land Surface Temperature over the
Heihe River Basin Using HJ-1B Thermal Infrared Data. Remote Sensing, 7(1), 300-318. https:/ /
doi.org/10.3390/rs70100300

Sohl, T. L., & Sohl, L. B. (2012). Land-Use Change in the Atlantic Coastal Pine Barrens Ecoregion.
Geographical Review, 102(2), 180-201.



21

Sun, D. (2003). Estimation of land surface temperature from a Geostationary Operational
Environmental Satellite (GOES-8). Journal of Geophysical Research, 108(D11). https://doi.
org/10.1029/2002]D002422

The Weather Company LCC. (2016). Weather UnderGround. https:/ /www.wunderground.
com/

Tran Thi Van (2011). Nghién citu bién doi nhi¢t d6 do thi dudi tdc dong ciia qud trinh do thi hoa bang
phuong phdp vién tham va GIS, truong hop khu vuc Thanh phd Ho Chi Minh. Luan vén tién si.
Pai hoc Qudc gia TP.HCM.

UBND TP. Hé6 Chi Minh (2024). Bdo cdo téng hop quy hoach Thanh phé Ho Chi Minh thoi ki 2021-
2030, tam nhin dén nam 2050.

UBND TP. H6 Chi Minh. (2011). Diéu ki¢n tu nhién. http://www.hochiminhcity.gov.vn/
thongtinthanhpho/ gioithieu/ Lists /Posts/ AllPosts.aspx?Categoryld=17

UN-Habitat (United Nations Human Settlements Programme) (2011). Global report on human

settlements2011:Citiesand Climate Change. Earthscan.https:/ /doi.org/10.1787 / 9789264091375-
en

Valor, E., & Caselles, V. (1996). Mapping Land Surface Emissivity from NDVI: Application to
European, African, and South American Area. Remote Sensing of the Environment, 57, 167-184.

Van De Griend, a. a., & Owe, M. (1993). On the relationship between thermal emissivity and
the Normalized Difference Vegetation Index for natural surfaces. International Journal of
Remote Sensing, 14(6), 1119-1131.

Weng, Q., Lu, D., & Schubring, J. (2004). Estimation of land surface temperature-vegetation
abundance relationship for urban heat island studies. Remote Sensing of Environment, 89(4),
467-483. https:/ /doi.org/10.1016/j.rse.2003.11.005

Wilhelmi, O. V, Purvis, K. L., & Harriss, R. C. (2004). Designing a Geospatial Information
Infrastructure for Mitigation of Heat Wave Hazards in Urban Areas. Natural Hazards Review,
5(3), 147-158. https:/ /doi.org/10.1061/ (ASCE)1527-6988(2004)5:3(147)



