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TOM TAT

Pa dang sinh hoc tai Pak Néng bi suy giam nghiém trong bai si mat ring va pha ring. Tuy
vdy, thanh phan loai cay gé tai khu virc ndy van con rat da dang, cu thé trong 152 6 mdu diéu tra
kich thwéc 30x30m theo C&c cdp dai cao phdt hién 477 loai cly gé thugc 65 ho, 150 chi. Bé ldp
ban dé da dang sinh hoc cho toan tinh, ching t6i tinh chi s¢ Shannon Wiener va Simpson dua trén
danh NDVI duwoc tinh tir anh Sentinel 2A, si dung cdc kich thuréc cira sé di chuyén khac nhau (vi dy:
3x3;5x5...). Két qud ban dau cho thdy rang véi dnh cé dé phan gidi trung binh nhu Sentinel 24,
mac dU chua phat hién dwoc tirong quan ¢6 Y nghia thong ké giira cac chi s6 da dang Shannon
Wiener H’duwoc tinh toan tir di liéu thue dia va woc tinh tir ciza s6 di chuyén trén anh NDVI, tuy
vay chiéu huong twong quan ciing phan nao cho thdy c6 kha ndng img dung anh vé tinh trong woc
luwong dac diém da dang sinh hoc cho khu vuc 16n hé tro trong quan Ii va bao ton rung.

Tir khoa: chi sb da dang sinh hoc, Sentinel 2A, thuc vat than gé.
ABSTRACT
Quantifying biodiversity of wood tree species in Dak Nong province based on satellite image data

Biodiversity in Dak Nong has been severely degraded by forest degradation and
deforestation. However, the woody tree species composition in the area is still very diverse. As an
evidence, in 152 plots of size 30x30m sampled in the area, 477 species of woody tree belonging to
65 families were observed, with 150 genera. In order to map biodiversity for the whole study area,
we calculated the Shannon - Wiener and Simpson Index based on NDVI (hormalized difference
vegetation index) image which was calculated from Sentinel 2A image using different size moving
windows (e.g. 3x3;5x5...). The initial results showed that although no statistically significant
correlation was found between field and estimated Shannon index, the correlative dimension
suggests that it is possible to use remote sensing to map biodiversity for the large area which
serves for purpose of forest management and conservation.

Keywords: biodiversity index, Sentinel 2A, Woody species.

1.  Ditvén dé

Dinh lugng da dang sinh hoc trong mot ving rong lon khéng thé thuc hién dugc néu
chi dwa vao dir liéu diéu tra toan dién trén mat dat, vi vay c6 nhiéu mdi quan tam vé viéc st
dung anh vé tinh dé lap ban db da dang sinh hoc cho toan bo khu vuc. Viéc st dung dit liéu
vién tham dé danh gia sy phong pht loai & quy mé dia phuong 1a mot thach thire mai trong
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hé sinh thai (Carmel and Kadmon, 1998 [1]). Mot s6 nghién ciru ¢4 phat hién mdi quan hé
gitra sy khong dong nhat vé quang pho ciia anh vé tinh va cac chi sé da dang sinh hoc va
ching t6 rang viéc dinh lugng céc chi sb da dang dya vao anh vé tinh c6 d6 phan giai trung
binh va cao l1a hiéu qua. Mot s it tAc gia sir dung tinh khong d¢6ng nhat cua dir liéu anh vé
tinh (gia thuyét Spectral Variation Hypothesis-SVH) dé dinh lugng sy da dang sinh hoc, da
dang loai thuc vat nhu Rocchini va cong su (2007). SVH cho biét sy bién thién vé khong
gian trong dir liéu tir xa, nghia 1a sy khéng dong nhat vé quang phd, s& lién quan dén su
khong dong nhat vé& méi truong va do d6 c6 thé dugc st dung nhu 1a mot cdng cu manh mé
cho sy da dang cua cac loai. Noi cach khac, tinh khong dong nhat cia méi truong song
cang cao, su da dang loai trong vung cang Ion (Palmer va cong sy, 2002 [2]). Trén co so
nay Rocchini va cong su [3] - [6] cho thay viéc sir dung cac ki thuat vién tham gian tiép dé
udc lugng tinh da dang sinh hoc cia canh quan sé du doan dugc sy da dang cua cac loai
trén cac quy mo khong gian khac nhau. Khare va cong su [7]) da str dung anh vién tham &
cac do phan giai khac nhau tir trung binh (Landsat 8), cao (RapidEye) va rat cao (Plélades
1A) dé danh gia da dang loai thuc vat & cac khu vyc rong 16n va khong thé tiép can, bi anh
huong bai loai Lantana camara L. xam lan va da cho két qua kha trién vong.

Tuy vay, cac nghién ctu sir dung anh vé tinh dé 1ap ban do da dang sinh hoc chu yéu
duogc thyc hién cho rimg on d6i voi mot sb chi s6 loai quan tam, trong khi d6 rung nhiét
dai lubn 1a thach thiac cho nhitng mdi quan tdm st dung anh vé tinh dé dinh luong tai
nguyén ring, va diéu nay cang khé khin hon d6i véi ude lugng da dang sinh hoc cho ring
ty nhién nhiét doi. Cho dén nay van chua c6 nghién cau nao & Viét Nam thar nghiém
phuong phap sir dung anh vé tinh dé 1ap ban d6 da dang loai cho ring nhiét dsi. Chinh vi
vay, nghién ciru ndy bude dau thir nghiém viéc két hop sé liéu diéu tra thyc dia va anh vé
tinh c6 do phan giai trung binh Sentinel 2A dé dinh lugng da dang loai thuc vat than go
cho rung ty nhién 14 rong thuong xanh tai mot sé khu vye ring ty nhién tai tinh Dak Nong.

Tinh Pak Nong nim & phia Tay Nam cua Tay Nguyén, nam trong ving toa do tir
11%5 dén 12°50 Vi 46 Bac va tir 107°12 dén 108°07 kinh d6 Pong. Nghién ctru ndy dugc
thuc hién & Vuon quéc gia Ta Pung, Ban quan |i ring phong ho Gia Nghia, Ban quan |i
rung phong ho Nam Cét Tién, Ban quan li rung phong ho Pak R’Mang, Cong ti Lam
nghiép Pak N’tao, Cong ti LAm nghiép Buc Hoa trén dia ban tinh Bak Néng (Hinh 1).
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Hinh 1. Vi tri cac khu vic nghién cizu
2.  Dir liéu va phwong phap
2.1. Dligu

S liéu da dang thuc vat than gd duoc thu thap trén mdi 6 tieu chuan (OTC) hinh
vuong vai dién tich 900m2, dugc b tri tai mot s don quan I rirng tai tinh Pak Noéng. OTC
dugc thiét lap theo huéng Pong Tay va chia thanh 9 6 nho nham dam bao phu hop véi
pixel anh va viéc thu thap sb lieu khdng bi bo sot cay. Trong & mau, tat ca cac cay than gd
c¢6 duong kinh ngang nguc DBH; 3>6cm duge do dém DBH, H va dinh danh loai. Vi tri
trung tdm cua cac 6 phu duogc ghi toa do bang GPS.

Dua vao sb liu diéu tra thuc dia, mot sé chi s6 pho bién trong danh gia da dang loai
thuc vat than gd nhu Margalef, Shannon — Weiner H’ va Simpson1-D dugc tinh toan. Cac
chi s6 da dang nay thuoc hai khuynh huéng khac nhau Ia phan bb théng ké vé mat do
twong ddi cua cac loai (Margalef) va sir dung Ii thuyét thong tin dé phan tich to chic bac
quan x& (Shannon — Weiner va Simpson).

Chi sé phong ph loai: 1a s6 lwong loai trén mot don vi dién tich. Tuy nhién, sb
lwong loai S lai phu thugc vao kich ¢& mau va thoi gian tim kiém nén viéc st dung n6 dé
so sanh 1a rat han ché. Do d6, mot sb chi s6 khac doc 1ap voi quy md mau duoc dé xuat dé
do do phong pht loai. Nghién cau sir dung Margalef index (Margalef, 1958 [8]) dé dinh
luong sy phong phi loai thuc vat than gd tai khu vuc nghién ctru.Chi s6 phong pha loai
Margalef dugc tinh theo cong thic: SR = %; SR: chi s6 Margalef, S: s6 luong loai. N:
tong so ca thé trong 6 mau.

Chi s6 da dang Shannon — Weiner: (Shannon — Weiner, 1949 [9]) la chi s6 da dang
duogc sir dung phd bién, tinh dén ca sy phong phu (richness) va sy can bang cua cac loai
hién dién trong quan xa. Shannon duogc s dung rong réi dé so sanh su da dang giira cac
mdi trudng sdng khac nhau [10]. Chi sb da dang Shannon — Weiner (H’) dugc tinh toén
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theo cong thic:H' = — ¥3_, p;(Inp;); H’= Shannon — Weiner, pi= Ti ¢ giita s6 ¢4 thé loai
i trén tong sb ca thé phat hien trong 6 mau, In= Logarit ty nhién.
Chi sé Simpson (Simpson, 1949 [11]) duogc tinh theo cbng thic:l—D =1 —
?:1 P

Trong d6: D = Chi s6 da dang Simpson, pi= ti I& giita s ca thé loai i trén tong s6 ca thé
phét hién trong 6 mau. Chi s6 Simpson do vé& mirc do da dang ma xem xét ca do giau co va
ddng déu.

Anh Sentinel 2A duoc tai tir Google Earth Engine géom 4 band 10m va 6 band 20m
dugc resample vé 10m, cac band anh ldy gia tri ph6 trung binh tir thang 1 dén thang 12
nam 2017. Dir liéu nay duoc st dung dé tao anh chi s6 NDVI (Normalized Difference
Vegetation Index) dé dinh lwong cac chi sé da dang loai thyc vat than gd. NDVI dugc tinh
bang cach sir dung cac band anh can hong ngoai NIR (band 8) va band nhin thiy Red

NIR-RED

(band 4) cua anh Sentinel 2A: NDVI = - NIR: kénh can hong ngoai, RED: kénh

NIR+RED

do. Dit liéu anh NDVI dugc cét chi lay dién tich ring tu nhién tai 6 khu vic nghién cau tai
biak Nong.

2.2. Dinh lwong chi sé da dang dwa vao énh NDVI

Rocchini va cong su [3] - [5]) gia sir rang anh vién tham bao gom N gia tri DN khéc
biét, nghia 14 c6 sy phong phu N = 28 = 256 cap do xam xap xi trén mdi pixel voi do phong
phti twong d6i pi cua DN thiri (i=1, 2,..., N),saocho 0 <pi<1va¥¥ pi = 1.

Dua trén tiép can nay, chling t6i d4 sir dung cong cu r.diversity trong Grass GIS dé
tinh toan cac chi sé da dang sinh hoc Shannon H’, Simpson 1 — D tir anh NDVI duoc tinh
tir anh Sentinel 2A theo cac kich thudc ctra s6 di chuyén khéc nhau (3x3, 5x5, 7x7,9x9).
Tatca cac diém anh trong cira s6 di chuyén duoc st dung dé tinh cac chi s da dang. Kich
thuéc cira s6 nho nhat vé mat i thuyét (1x1) bao gom mét pixel don (noi ma sy da dang sé
bang 0); kich thuéc cira s6 ¢6 thé ting lén (t6i 3x3, 5x5, 7x7, nxn pixel) cho dén khi toan
bo pham vi khong gian dwoc bao phu va gié tri cia chi s6 da dang duoc tinh toan duoc gan
vao diém anh trung tdm caa mdi cira so6 chuyén dong. Sau do, phan tich twong quan
Pearson giira cac chi sb da dang tinh tir anh NDVI véi chi s6 tinh tir thuc dia dé xem xét
kha ning dinh luong da dang loai thuc vat than gd dua vao anh vé tinh.
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Hinh 2. Cita s6 di chuyén 3x3 (nguon [3])
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3. Két qua va thao luan
3.1. Xac dinh chi'sé da dang loai thuc vat than gé theo di ligu thure dia
Bdng 1. Chi sé da dang loai thuc vdt than gé tai cac khu ring nghién citu
Shannon H' Simpon (1-D) Margalef SR
Min Max Avg Min Max Avg Min Max Avg

1 1,770 3,377 2521 0,754 0,950 0,858 3,018 11,850 6,817
2 1,821 3,434 2859 0,761 0,957 0,904 2982 8506 6,240
3 1,897 3,357 2,908 0,747 0,955 0,905 3,641 8,957 6,747
4 2,548 2,605 3,047 0882 0964 0,933 5938 17,202 8,955
5
6

Ma don vi

2,602 3,760 3,186 0,815 0,971 0,937 5556 11,297 7,752
2,096 3,953 3,067 0,793 0,975 0,923 3,425 13,349 7,361
1,2,3,4,5,6: lan luot 12 BQL rirmg phong ho Bak R’Mang, Cong ti LN Pak N’tao, Cong ti L&m nghiép
buc Hoa, BQL rimg phong h Gia Nghia, BQL rimg phong ho Nam Cat Tién, VQG Ta Bung.

Nghién ciru diéu tra 152 OTC phét hién tong cong 477 loai thuc vat than gd, thudc
65 ho, 150 chi. Céc chi s da dang loai cAy gd nhu Shannon — Weiner va Simpson,
Margalef dugc tinh todn cho ting OTC 900m?. Két qua thong ké céac chi s6 da dang theo
timg don vi quan |i rimg duoc thé hién & Bang 1. Chi sé Shannon — Weiner cang cao thi
quan xa cang da dang. Gia tri caa Shanon thuong tir 1,5 dén 3,5, hiém khi vuot qua duoc
4,5. Trong khu vuc nghién ctu, chi sé Shannon H’dao dong tir 1,770 dén 3,953 cho thiy
khu vuc twong d6i da dang vé loai cay g6. VQG Ta Pung c6 chi s6 Shannon H’ cao nhét 1a
3953, thap nhat & ban quan Ii rimg Dak R’Ming. Cac cong ti 1am nghiép chi s6 Shannon
H’ thap hon so véi cac Ban quan li va VQG. Diéu nay ciing phan nao phan anh hiéu qua
quan Ii rieng ciia VQG va Ban quan li t6t hon so vai cong ti 1am nghiép. So sanh véi céc
khu ring nhiét doi & mot sé nuéc khac, khu vuc nghién cau c¢d chi sé Shannon H’ thap
hon. Ching han tai rimg mwa nhiét d6i luu vuc séng Congo, chi s6 Shannon H’ cao nhat
dat 4,46 (Suspense va cong su, 2016 [12]), tuy vay mic d6 dao dong kha lon véi H’ tur
0,75-4,46, trong khi d¢6 & khu ring nhiét doi rung cua Northcentral India, pham vi chi s6
nay la 3,59 dén 4,05 [13]. Mic du hé sinh thai kha twong d¢6ng song tai Khu bao ton thién
nhién Nam Kar thugc tinh Pak Lik, chi s6 Shannon H’ dao dong tir 1,5 dén 5,15 [14], bién
thién 1on hon nhiéu so véi chi sé Shannon H’ dugc xéc dinh tai ring ty nhién Pak Nong.

Gié tri cua chi s Simpson nam trong khoang tir 0 dén 1, Simpson cang gan vé 1 sy
da dang cang I6n. Chi s6 Simpson & khu vyc nghién ciru dao dong tir 0,747-0,975, da sb
tap trung >0,9 cho thiy su da dang loai cay gb kha cao. Trong khi d6, chi s6 da dang loai
thyuc vat than g& Simpson tai khu bao ton thién nhién Nam Kar dao dong tir 0,84-0,95 [14].
Diéu d6 ching to rung ty nhién Dak Nong van rat da dang vé thyc vat than gd.

Ngoai chi s6 Shannon — Weiner va Simpson, chi s6 Margalef SR (biéu thi cho d6 phong
ph 10i) tai khu vire nghién ctru cho thiy dao dong tir 2982 dén 17.202. Chi s6 nay thap nhat
& Cong ti LAm nghiép Pak N’tao va cao nhat & BQL rimg phong ho Gia Nghia. Diéu nay
ciing tuong thich két qua da duoc phan anh vé hiéu qua quan Ii nhu da dé cap o trén.
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3.2. Xac dinh chi'sé da dang loai thuc vat than gé duwa vao dnh vé tinh

Cong cu r.diversity trong Grass GIS duoc sir dung dé tinh toan cac chi sé da dang
sinh hoc Shannon H’, Simpson 1 — D tir anh NDVI theo cac kich thuéc cira s6 di chuyén
khéc nhau (3x3, 5X5, 7x7, 9x9). Tt ca cac diém anh trong cira s6 di chuyén dugc sir dung
dé tinh céc chi s6 da dang nay. Duya trén tiép can nay, ban d6 chi s6 da dang sinh hoc cua
toan bo khu vuc nghién ciu dugc xay dung. Hinh 3 thé hién két qua udc tinh chi sé
Shannon — Weiner dua vao anh NDVI theo céc kich thuéc ctra s6 khac nhau.

a) b)

50 km

c) d)
Hinh 3. Bdn do6 chi s6 Shannon — \Weiner tai cdc khu rimmg nghién cieu duwoc tinh todn tie anh NDVI
theo cdc kich thude cira s6 a) cira s6 3x3, b) cira s6 5x5, C) Cika $6 7x7, d) cira s6 9x9
Céc nghién ctiu cua Rocchini va cong su [3], [4], [6], Khare va cong su (2017) déu
dua ra két qua céc chi sé da dang sinh hoc duoc tinh toén tir anh vé tinh theo cac cira s6 di
chuyén, tuy nhién chua cé nghién ctru nao danh gia d6 chinh xéac cac chi s6 nay so véi thuc
té. Vi vay, dé c6 co so thyuc tidn viéc sir dung anh vé tinh dé wéc luong chi sb da dang loai
cho ving rong I6n, phan tich twong quan Pearson dugc ap dung trong nghién ciru nay dé
tim hiéu mic do twong quan giira gia tri uc lugng tir anh NDVI va gia tri thyc té. Mac di
chi s6 Simpson duoc doi bién d6i ¢é dam bao dat dugc phan bd chuan, tuy vay cac phép
bién d6i déu khong dat chuan (2 chi s6 skewness va kurtosis déu khdng nam trong pham vi
+2), do vay bién sb Simpson khong dugc sir dung trong phan tich tuong quan. Trong khi
d6 chi sé H thyc dia va H’ duoc tao tir cac ctra s6 déu dat phan b chuan véi cac gia tri goc
hoic gia tri duoc bién doi. Két qua phan tich twong quan thé hién ¢ Bang 2.
Béng 2. Két qud phén tich twong quan Pearson giita chi s6 Shannon H' tir anh NDVI
va chi s6 Shannon H tir thye dia
H’3 H'5 Ln(H'7) Ln(H’9)
(H)"3 0,029ns 0,008ns -0,030ns -0,033ns

H: chi s6 Shannon tinh tir s6 ligu thuc dia 7
H’3, H’5, H’7, H’9: lan luot 1a chi sé6 Shannon H’ & cdc cika s6 3x3, 5x5, 7X7, 9x9; ns: insignificant
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Bang két qua trén chi ra chi s6 Shannon tinh tir thuc dia va duoc tinh tir anh NDVI
theo cac cira s6 déu co tuong quan thuan, tuy vay mdi trong quan Ia rat thap. Tuong quan
cao nhit véi duoc tim thay ¢ ctra s6 9x9 Vi hé s6 tuong quan 13 0,033, thap nhat 1a & cira
s6 5X5 Véi hé s6 twong quan 14 0,008. Tuy nhién tat ca cac mdi twong quan déu chwa co y
nghia théng ké. Khare va cong su (2017) giir nguyén kich thudc cira s6 3x3 nhung ting do
phan giai anh vé tinh tir trung binh (Landsat 8) dén cao (RapidEye) va siéu cao (Plélades
1A) dé dinh lugng céc chi s6 da dang sinh hoc. Mic di méi tuong quan giita ude luong va
thyc tién chua duoc dé cap bai cac tac gia ndy, tuy VAy cac tac gia d4 so sanh cac chi sé da
dang wéc luong theo dic diém caa tham phu theo muc do day dic, trung binh, va thua thét
v6i NDVI. Két qua chi ra c6 mbi twong quan nghich giira NDVI trung binh cia ting khu
virc tham phu vé6i chi s6 da dang loai duoc tinh tir anh NDVI.

MGi tuong quan giita anh vé tinh va sé luong lodi ciing da dugc thir nghiém trong
maot nghién ciru khac duoc thuc hién bdi Nguyén Thi Thanh Huong va Chau Thi Nhu
Quynh (2016). CAc tac gia d4 kiém tra mdi tuong quan giita c4c band cua anh vé tinh
Landsat 8 OLI va sé luong loai thuc vat than gd, tuy nhién két qua ciing chua tim ra moi
tuong quan dang ké trong phan tich nay. Diéu nay cho thiy udc lugng chi sé da dang thuc
vat dya vao anh vé tinh vin dang 1& mot thach thirc 16n can duoc quan tdm. Cac chi s6 anh
vé tinh lién quan dén thuc vat, loai anh vé tinh (nhu anh siéu phd), d6 phan giai anh (d6
phan giai cao dén rat cao), ciing nhu dic diém tham phi theo cac mirc d6 téc dong... can
dugc thir nghiém tiép tuc dé tim ra giai phap hiéu qua trong viéc &p dung anh vé tinh dé
xay dung ban d6 da dang sinh hoc nham hd trg trong cong tac quan i rimg ciing nhu bao
ton da dang sinh hoc.

4. Kétluan

Pa dang loai thuc vat than gd duoc udc tinh cho 6 khu vuc ring nghién cau tai ik
Nong, két qua cho thay thyc vat than gd tai Pak Nong van con rat da dang, cu thé trong
152 6 mau phét hién 477 loai thuc vat than gd thudc 65 ho, 150 chi. Chi sb da dang
Shannon — Weiner dao dong tir 1770 ¢én 3953, chi s6 Simpson & hau hét cac khu vuc déu
cao hon 0,9. Mic du phan tich twong quan giira chi s Shannon — Weiner tinh tir anh NDVI
va tinh tir thyc dia chua tim thdy méi quan hé ¥ nghia, song chiéu huéng twong quan ciing
phan nao chi ra cd kha ning &ng dung anh vé tinh trong wéc lugng da dang loai dé thanh
lap ban do da dang sinh hoc. Két qua ciing chi ra can c6 cac thir nghiém theo céc hudng
khéac nhau nhu sir dung céc loai anh vé tinh c6 do phan giai cao, anh siéu phé, céc chi s6
anh khéc... dé tim ra méi tuong quan t6t hon dé thanh Iap ban do da dang sinh hoc phuc vu
cho cong tac quan li ciing nhu bao ton da dang sinh hoc.
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[9]
[10]

[11]

Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dot vé quyén loi.
Loi cdm on: Nghién ciu la mét phan trong Dy &n nghién ctru Chuong trinh Quan hé Péi
tac nhdm Thuc ddy Tham gia Nghién ctu (PEER — Parnership for Enhanced
Engagement in Research) ctia Chinh phd Hoa Ki nham tai tro nghién ciu khoa hoc tai
nwéc dang phét trién. Chuong tinh duwoc tai tro béi co’ quan phat trién USAID va do Vién
Khoa hoc Quéc gia Hoa Ki (NAS) quan li. Cac tac gid chan thanh cém on tat ca nhing
ngwoi tham gia viéc diéu tra thu thap dé liéu, dac biét 1a cac don vi quan Ii rimg, cac co
guan quan li thugc tinh Bak Néng va Chuong trinh tai tro.

TAI LIEU THAM KHAO
Carmel Y. and Kadmon R., “Effects of grazing and topography on long — term vegetation
changes in a Mediterranean ecosystem in Israel,” Plant Ecology, no. 2, pp. 243-254, 1999.
Palmer M.W., Earls P., Hoagland B.W., White P.S. and Wohlgemuth T., “Quantitative tools
for perfecting species lists,” Environmetrics, vol. 13, no. 2, pp. 121-137, 2002.
Rocchini D., Balkenhol N., Carter GA., Foody GM., Gillespie TW., He KS., Kark S., Levin
N., Lucas K., Luoto M., Nagendra H., Oldeland J., Ricotta C., Southworth J., and Neteler M.
“Remotely sensed spectral heterogeneiti as a proxy of species diversity: recent advances and
open challenges,” Ecological, vol. 5, no. 5, pp. 318-329, 2010.
Rocchini D., Delucchi L., Bacaro G., Cavallini P., Feilhauer H., Foody GM., He KS.,
Nagendra H., Porta C., Ricotta C., Schmidtlein S., Spano L. D., Wegmann M., and Neteler
M., “Calculating landscape diversity with information-theory based indices: a GRASS GIS
solution,” Ecological Informatics, vol. 17, pp. 82-93, 2013.
Rocchini D., Hernandez-Stefanoni JL., and He K. S., “Advancing species diversity estimate
by remotely sensed proxies: a conceptual review,” Ecological Informatics, vol. 25,
pp. 22-28, 2015.
Rocchini D., Delucchi L., and Bacaro G., “The power of generalized entropy for biodiversity
assessment by remote sensing: an open source approach,” in 48th Scientific Meeting of the
Italian Statistical Societi - SIS2016, University of Salerno, Fiscia, 2016.
Khare S., Latifi H., and Ghosh S. K., “Multi-scale assessment of invasive plant species
diversity using Pléiades 1A, RapidEye and Landsat-8 data,” Geocarto Internationa, pp. 1-18,
2017.
Margalef R. F., “Information theory in ecology,” International Journal of General Systems,
vol. 3, pp. 36-71, 1958.
Shannon C. E. and Weiner W., “The Mathe matical Theory of Communication University of
Illinois Press. Urbana, USA,” 1949.
Clarke K. R., and Warwick R. M., Changes in marine communities: an approach to
statistical analysis and interpretation, 2nd ed.: Plymouth, U.K. : PRIMER-E Ltd., 2001.
Simpson E. H., Measurement of diversity. Urbana, USA: University of Illinois Press, 1949.

61



TAP CHi KHOA HQC - Trwong DHSP TPHCM Tdp 15, Sé 11b (2018): 54-62

[12]

[13]

[14]

Suspense A. ., Moutsambote J., Koubouana F., Yoka J., Ndzai S. F., Bouetou-Kadilamio L.
N. O., Mampouya H., Jourdain C., Bocko Y., Mantota A. B., Mbemba M., Mouanga-Sokath
D., Odende R., Mondzali L. R., Wenina Y. E. M., Ouissika B.C. and Joel L. J., “Tree
Species Diversity, Richness, and Similariti in Intact and Degraded Forest in the Tropical
Rainforest of the Congo Basin: Case of the Forest of Likouala in the Republic of Congo,”
International Journal of Forestry Research, vol. 2016, pp. 1-12, 2016.

Tarakeswara Naidu M., Premavani D., Suthari S. and Venkaiah M., “Assessment of tree
diversity in tropical deciduous forests of Northcentral Eastern Ghats, India,” Geology,
Ecology, and Landscapes, vol. 2, no. 3, pp. 216-227, 2018.

Nguyén Thi Thanh Huong and Chau Thi Nhu Quynh, “Influence of elevations on woody
tree species diversity in Nam Kar Natural Reserve of Daklak province, Vietnam,” J. Viet.
Env, vol. 8, pp. 95-101, 2016.

62



