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Objective: Satellite imagery and remote sensing technology, due to their cost-effectiveness
and appropriate accuracy, are valuable tools for identifying land use and detecting changes.
These technologies provide expanding opportunities for wildlife and habitat conservation
across diverse spatial and temporal scales. The MacQueen’s Houbara (Chlamydotis
macqueenii), a resident of arid and semi-arid habitats, faces multiple threats such as
hunting, illegal trade, trafficking, and habitat destruction, categorizing it as vulnerable
(VU) on the conservation status list. This study aimed to identify and examine habitat
changes for the MacQueen’s Houbara in South Khorasan Province, Iran over three years:
2000, 2013, and 2023, in order to facilitate effective conservation efforts.

Methods: Using Google Earth Engine (GEE), satellite imagery data relevant to habitat
factors and the species’ presence were analyzed through classification methods.

Results: Findings revealed that potential habitats for this species have expanded by 33%
over the study period. The habitat selection criteria and the GEE platform provided
valuable insights into Houbara habitats, supporting efficient management and conservation
strategies.

Conclusions: Raising public awareness and involving local communities are also practical
measures for protecting key habitats of this species within this region.
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Introduction

The Chlamydotis macqueenii, a vulnerable species inhabiting arid and semi-arid regions, faces significant threats
from hunting, illegal trade, and habitat destruction. This study leverages satellite imagery and remote sensing
technology to assess habitat changes in South Khorasan Province, Iran, over a 23-year period (2000-2023). The
research aims to identify shifts in habitat suitability and support conservation strategies for this ecologically
important bird species.

Materials and Methods

The study utilized Google Earth Engine (GEE) to analyze key habitat variables, including precipitation,
temperature, NDVI (Normalized Difference Vegetation Index), wind speed, elevation, and slope. Data from
satellite imagery (CHIRPS, MODIS, FLDAS, SRTM) were processed to classify habitat suitability. Field-
collected GPS points (n=33) validated the presence of the species. The methodology involved preprocessing,
classification, and change detection to map habitat changes across three time periods (2000, 2013, 2023).

Results

Findings revealed a 33% expansion in potential habitats, particularly in eastern South Khorasan. Key factors
influencing habitat suitability included climatic conditions (e.g., annual precipitation: 61-124 mm) and land
cover changes. Despite habitat expansion, anthropogenic pressures such as agricultural encroachment and
climate variability pose ongoing risks. The study highlights the effectiveness of GEE in processing large-scale
environmental data for conservation planning.

Conclusion

The integration of remote sensing and GEE provides a robust framework for monitoring habitat dynamics of the
MacQueen's Houbara. The results underscore the need for targeted conservation measures, including habitat
protection and community engagement, to mitigate threats. Future research should focus on linking habitat
changes to population trends and exploring adaptive management strategies under climate change scenarios.
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odlaint 8 590 sd0SIS

Aghaniajafi-Zadeh ) (C. macqueenii) o5  awlibicuwj 5 wlidips jomas )3 39390 ole mlo jop0 & ang
oy ekt 4 ddlllas oyl 45 (et al., 2010; Haghani et al., 2016; Yousefi et al., 2017; Pakniat et al., 2021
ok Jloy (abls dod o Sl slolms 15l 0pon olSiuyj LBl slalme ke 3 osilly (sloelSis) Ol
Gl SS& 4 Sloj 090 dus (slojlanle gl addllas (ol )> sl o0 oaliiw] il 5 gla)l b e o (NDVI) aLS
ol 04 001> LS gy plosl s lype ¥ S 50 18,8 )8 oy 3590 YVY g VoY Feer gla Lo

[ W Ol s Gl 30 o 8 ol 5 Sl medd (il 5! ]

snosls 5590 Tou sUnyosflh o lilld
& 15390 aax 2o (5lnypaf 1A L .
) ¥ f prlidpyy 001
$laylaats PIUE SRR )

v

2% ol 3 ey
GEE homs

0LRmg) oly il Wig)y ok
((pilej 3 pS0)

l

[ e Al gyl 1

e olwld bl 03ga5w .Y S
Fig. 2- study procedure




o padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

Ty O TY)

2 e il 5 o 2 lolsale sl 12,5 (s losly sl IS5 e 3 o o S sl 34 ol
76 niaS g i 390 Al (Gg) p ) Glidsy Sy P (g CubS 4 drg b g ab 8T BVl :Sike iloj o3l
@iz 3ble ;3 (GPS) slhe cbusdse ol bwgi odd cuildy dad YV ol pires Wb Obl co 5 43 ]
23S B3y Jl ol sadg 4l coro b)) Gl VET Jls o o] lales b g8 jeas Sl sz plulp el
3 i gunal g S ptegl) Oluonal Job | lojlgale nslad ) p o) lagbil iy () JS) Ab edlizl
2 a bgye pglad <o) p il pgie Jlesl I g 085 yge oml &) IS5 Lo 13 39250 (Sl SOL
Soleimani Parapari Azad and Kherkhah Zarkesh, ) ub aw)y Ol (ol s obuwl g asls I &S
sl 005 Lol Ciliseo (gl puite )3 0, LSy (gl Aty diseS g Al ypolie oS ypis bl ol (2024

Climate Hazards Group Infrared ) CHIPRS (clolgale pglas j ddhaie b)b (slaodly opdygl oty (slp
S ojlul 4 Sl S a8 (gl a8 conl o ealawl ool )l 565 ailelw 4o (Precipitation with Station data
Egooe Oy & yial )l pl (Funk et al.,, 2015) e o &) &iljs) cygo a1y (5,b ool a8 il o o OFOF Sy
LST; Land ) ;ye; pdaw (slod 4 bosye udge (slojlgnle Sladg poad piomen Cawl ol Clus Jlo o j5)L
Cygo & &S 13,5 2l sl ojs) Sy lej alol b ey Voo Ko ey L (MOD11A2) (Surface Temperature
blyd (Sl Oygo 4 pito cnl LBl e pB pslal g9y 2 s lulyd 4 bypye Slomad Jlasl 5l Jols g 3Ll
ool 2 (NDVI) (LS ous Jloi (a3l J) (yej sy 9 (LS Sy baalpd (g0 sl sl 005 dslono VL
by Sl il el NDVI asls i oolizel Wyl e cusdy (MODIBA2) Ludge oxiseil s o)lsals bt
@& Mle (2lS Gy Lulyd g jhde L) lp (LS Gids sl il padl cal S edlitl alS
g 4 ke cpl Cusl Sl U cpl Suiddes g Sis sble 3 &5 (6y5b 4 el (ol Ll (3U Cov 0
Owe) w0 0l G o (S 03ll gl iyl (gyie B Bl Sy polal pl il odd auolee AVl by 1 SSle
Slolw jd dalllas Cpl > il o INWYY plo JuSlo b &5 sl o odliiwl g 5jls FLDAS (slaodly dasgozxo |l
5 €5 (29l Gty jglaie 4yl 00 oalitil Stojlyy (ke g & ite il Gy ejll gl el @) 55
sl S gl ppslias el el o solisl (SRTM) 5L )]y 31,5 s05 capgole (oolis)) soss) Jobo 5l dilaie e
2 g0 dunlio JB alisee (cla gyl Do 3.8l gLyl 068y (cbrodldy b cuwsd (slrosly oS olKin il o (g0 Ve
5l Jols polas I eslawl b coles 4> (Malekian and Jafari, 2012) 355 dw i oo oo |y ol Cundy dons
J92) 2,5 (asetio VoYY BV v e allo YV 00 gl anlllas 3,50 4355 ol s (5300881 p20)680 5 (atpailo
oz 5 ol 5l 6050 £95 4 w3l Gy 3l pasiie £ 5l i A Sl 4 bgye Sl gyl )3 ()
g 0313 Lioled Al O ygo s g 0l duwline Klg5 o Sl Il Olyuss g4

! _Normalized Difference Vegetation Index



padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol i’ U j))

adlbo saodld Olaswin ) Jouis

GEE sy us &y T9o9 831> aww &y
oy | S5 osls
CHIRPS/DAILY Vo gos | juts0s | CHIPRS sk
MODIS/006/MOD11A2 L oalel Yo ) MOD11A2 aw slod
Slnas )
(LST)
MODIS/006/MOD13A2 Sibe o Oe e MODI3A2 uadls
aYlo Y
sl
(NDVI)
NASA/FLADS/NOAHO01/C/GL/M/V001 oole IVYY FLDAS Sl e o
Cdedily o
USGS/SRTMGL1/003 - St SRTM | sy gl

~0y93 > U5 @iy Sl slaga )l a9z lulid il 53 03latul 3)90 (sl pusite s K9y 4 s b addllas pl
Sl pitn sl i 5 gShin fie 55 oanliin L ol (F JS8) €85 )15 (bl 390 e o sln
VALY Gl dols o bl mow (5 455 olKiun) Cawy 5 awlwl Ol (ol 0ud iy yo5 Calises
S5 g0 b jusie Glpnss Bg) cwyp g bl 4 dog b (Y USE) o)b Cgllas ool ; colus (iol58l 51 lis a5 o0l
Sy ok &S5 Wlazdly Gl ogilly yob 4 bl opgn (sloelSin; Cungllas s Gl il )3 o VY 0y
o3l inles O IS5 10 50 o per (baolSiny ) colue Gl cCunl ol Gy b duslde o (800 sble ) dsiwe byl )

) 045

wirer -y @

warTw

=arew

s

wweew

raew




padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol i’ U j))

wrr

Il"!ﬂ

"y s v

MR W w s e
O =

.
-

it

e 3
- gl

came M w o m wan “n: & % = ww

v v —_————r—

WS [ [ wevr e @

s

2730w
g

s

e

YorY g Ve ¥ Feve cJlw 3 655 2595 Silwde S 03] 3590 (oW patie bW guiddub lbauids .Y JSUS
Fig. 3. Classified maps of variables used to model species distribution in 2000, 2013 and 2023




A o 5 )l e 9 (gooeo § Sl | o (2 e/ 050 0lSiuss j Sl s’ U )/

i

wny
- s vy

]

warn e e

YoTY o Yo Y Yoor cJlw 0 digf 2505 diwi gwadub el £ JSG
Fig 4. Classified maps of species distribution in 2000, 2013 and 2023

Fooosss o
Qeveses
Fooooes o
Yeooooe

Yoooooo

(&0 yoghs) Coluwo

Yooooee A

P

Yooo YAy Y.yy

YorY oY o)V Yoev 0590 dur 43 05092 058l oWoluny § Carwg Oyt .0 JSUS
Fig 5. Changes in the extent of potential habitats of Houbara bustard in 2000, 2013 and 2023

2 ogdle (e cblas (gl &S Slodw) dons opl 4 cbles lulibcuw ) ‘u.Jol.c» sasby sl 5l bl cusds u‘b
- Il plo 5l Jie 393 (6365 4 1 gub Canb 0yinS (0 a5 iy 0,5 18 cblis 390 Wb 5 )] oK S
lyss (Kaboodvandpour & Shiriazar, 2019) cusl 03,95 6,8 05 4 den gl 5 LSl 4l 3935 Ll
Khosravi et al., ) cul odls 2alS 1) (g)9ls sladisS 51 (s)luw oy )d oK b sladoye » 2K
SIn 2 bdme Gl & Cunl (2l Sy See Jelos Sl (So LB GRBel s > e (2022
Srdiss logad yisgles (oK) s obj)l Gl Cul Seelm e 9 Slusl glacdld yy Jlite Ly,
9 O3 (ke (a8 oty Cunl (S By g pal e (w8 sbalBEle g bl T edlil b baes (B e
4 ol S aile sl Gibl) S slaesls slapyith 3 oS wde Gwile 6350k (sla oS b (B3l 0

(Xiong etal., 2017) ol oais (3355l 0uls




q padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

09 Jlsie s Jlo 0 1SS (g plRn 4y ey Gikbey dile oo Shg sl > 4 o0 5l Lioniw glaedls
Sl g pldgy e g (Gloj Slys )y sl 2Vb Jesdliy 5l lally (B3l el g 058y Can b i S
cbaid ans ohlS b i cwlie ganaab by, ol (Darvishi et al., 2014) s byes, 2l
A0 piyoSl (e (ogrie Jdo drwgs b (VoY) ) Ken g Jafari ((Alimohammadi et al., 2009) 5,5 o350
..\o.>|).19{ uLW‘)-Q(“‘ 5 TM sivw ):{9La5 )‘l odlawl b L;\é])l U9 L.JI).A.A.:J djb)lﬁjj d‘ﬁ d”lf odl> 9 d)jﬁ,.m..a;
.J.Slob]) )1)9 ) 3)94 1) RER l} Vak. ‘_SLQJL» Lfb
= Ji3d Lol Ol s g Loy ialjdl (ISl asle alise Jolge andl a8 ol oad 03938] bl 15 bl 0 pgn Cgllas
Cbsl pheo Jolgs 5l aVle SG5L ke o Juad p g o ke dile o8l Jolgs 5 Codd (sl yuxio
» &Vl 5l e ally (Pakniat et al., 2016) s ool 550 M 55 )38 e (slaoysn olKius)
(Y+V5) o) en 5 Pakniat adllae ;5 i 3yl p yio duo VWWF U 5Y dgas g bl slisl 3 0gdll (claolSin;
g oddcblas sble B L awlie o cadcbles sble 5l z)B 0 oper Cglls g 09l oK) (So5u8
Tetrao ) sy ol olSiuj (S (oSl Clpss (V4VF) e o Darvishi .cul oads ()55 yiiy g gian K0
Llodly j1y8 Ll 3y50 Al V¥ 0)93 (b +ETM 3 TM (slaosiomiw slojlgale glas jl eslawwl L 1y (Mlokosiewiczi
Srlp gy ORIE 505 Gy Lol 4l il addS JLo VF (b lale 5 (IS (ool o ol (Lt Bados ol b
wi] )3 open L3S Gl (oloolKins; p waldl yuis SISl wyp b (VY oL g Yousefi yuoxen ol aily
Cawg Gili8l &8 Canl 5 Lls ope a5 ol 08 waled oy iolidl Cgllas (glaolSin j Camwg il olis bl
05b opl (b 4 L dn s adllan D90 4355 Cumen I3l g )8 Cblis  xe 4 bl Ggllas ogally (slaolKiu;
2 e Jolse ) (S el (ol ol gy ol &5 45313 g BB IS ailte () 53 ygh (b Cnon S
2 Jlsie gl Jlsis (b oS wsl lulivs) 65)0liS 6o Glpss a0 Llgi o 45 ot j Carwg lyoss b b))
g Pakniat gl b &S sl oas 03438] ddlaio b sblie Camwg y g Slanily (g,5liS” Lol)l (oS bl 1 gyl
Oiigy Ok awyp odd Jloy 2LS idbe asld zlsdwl jslaie 4 MODIS sizuaw sloylanle yiglas 5 (Y+VY)
buwy oK) bl obsyl lp omej Liwbe leMbl 9 NDVI jaslis slaodly 3l sl ond odlaiwl  aLS
Jdos b imgs cpl sl ad odlitul &plee Job 5 )b (281, Jles (ISl > 45 Zonotrichia atricapilla
Ol @l )l 3505 (Sale gl cadlas 3)90 w5 () b g (LS Gl Sl ol bS]
Lholiuw) ALY cawlio 2 ul);w L)’l 9 Cowl UQLS g ul)ux UJLJ) 4 )DG oo )9]0 4 NDVI ua>Lw FLY AR o

S 5 A
Slyass s gl 33 A yastie oy ol Cpe) doy polal amd dw e (g9l Cawdd gud)] aSol 4 4 b
oy 1> Lhalhl 2905 S clilis cli) 4y o] SoS & oo & ol oliuj Cundg 5 otisS ST, 4l
5 e Capde > Wi o Cul dlate aoecin) bild 3 i b s cloy Yo gl slaolSin;
5 odelunsty (alSia; sloylas cnl 2 ogMe S iyl ogo (1B gl W65 ol bl (538 (sl
cblis o bl ) (oizrod LS &) 658l 9 SuSTy p 550 Jelse 0,y (65 580 CleMbl Wl o b fdod oy
5 o9es (5ioolST g il anwg (lp WM oo axsls (slag ) Son g EMolsi diojls i gols (cladieS
Srolinyj i 4 Slgi oo Fblie cpl )8 Jlais] sl oS ole (pimen 5 dilaie (g p3ye Cobos Gl



D padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

Uioras godld (650 y00 a5 A o LS gk cpl ( IS jeba ST SLLE SaS Sludl oluags ials g eles
ool Jlul Copte s Gl clr % SR Slge oedle)l IS anle w8 pydh S L olen 590
il s (me 53 sladisS

&3l (ol
505 bl o s Wlie ol sl L

&) Pl
e ol pliwl cay lase cblas ojlsl vy 5l awsinns 5 009 o)l bl IS asb o)LL 5l 7 e allie oyl

.OQ;GA @‘Q)ASB)&M.:

References

Arekhi, S., & Niazi, Y. (2014). Comparing various techniques for land use-cover change detection
using RS and GIS (Case study: Daresher Catchment, llam province). RS & GIS for Natural Resources,
5: 13-28. (In Persian).

Aghaniajafi-Zadeh, S.H.; Hemami, M.R.; Karami, M. & Dolman., P.M. (2010). Wintering habitat use
by houbara bustard (Chlamydotis macquenii) in steps of Harat central Iran. Journal of Arid
Environment, 77, 219-217.

AliMohammadi, S., Pashaii aval, A., Shtay jooybari, Sh. & Parsaei, L. (2009). Iran efficiency
assessment of landslide hazard zonation in the watershed Sydklath Rummy. Journal of Soil and Water
Conservation Research, 16 (1), 59-78.

Asghari Sareskanroud, S., & Sharifi Tularoud, H. (2024). Remote Sensing Used to Detect Changes in
Land Use and Forest Cover (A Case Study of Astara City). Journal of Land Management (Soil and
Water Science), 11(2), 195-208.

Blandon, A.C., Perelman, S.B., Ramirez, M., Lépez, A., Javier, O., & Robbins, C.S., (2016).
Temporal bird community dynamics are strongly affected by landscape fragmentation in a Central
American tropical forest region. Biodiversity Conservation. 25, 311-330.

Chen, Y., Cao, R., Liu, L., &Matsushita, B. (2021). A practical approach to reconstruct high-quality
Landsat NDVI time-series data by gap filling and the Savitzky—Golay filter. ISPRS Journal of
Photogrammetry and Remote Sensing, 180, 174-190.

Dahmardeh Pahlavan, M., Shahriari Moghadam, M., Maleki Najafabadi, S., & Rahdari, V. 2023.
Investigating Land Cover Changes Using Landscape Metrics on the Coasts of Chabahar. Environment
and Interdisciplinary Development, 8(81), 62-77. (In Persian).

Darvishi A, Fakheran S, Soffianian A, &Ghorbani M. 2014. Quantifying Landscape Spatial Pattern
Changes in the Caucasian Black Grouse (Tetrao mlokosiewiczi) Habitat in Arasbaran Biosphere
Reserve. Iranian Journal of Applied Ecology, 2 (5), 27-38. (In Persian).

Debela, M. T., Wu, Q., Li, Z., Sun, X., Omeno, O., & Li, Y. (2021). Habitat suitability assessment of
wintering herbivorous Anseriformes in Poyang Lake, China. Diversity, 13(4), 171.

Haghani, A., Aliabadian, M., Sarhangzadeh, J., & Setoodeh, A. (2016). Seasonal habitat suitability
modeling and factors affecting the distribution of Asian Houbara in East Iran. Heliyon 2, e00142.



1) padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

Hamidi, K., Mohammadi, S., Eskandarzadeh, N. (2018). How will climate change affect the temporal
and spatial distributions of a reservoir host, the Indian gerbil (Tatera indica), and the spread of
zoonotic diseases that it carries? Evolutionary Ecology Research, 19: 215-226.

Hatami Shah Khali, S.M., Sharifi Hashjin, Sh., Nasiri Aghajan, F. & Emami, S.F. (2022). Land cover
mapping of the Soomesara city using time series of satellite imagery. Iranian Journal of Forest and
Poplar Research, 30(4), 365-382.

Islam, K., Jashimuddin, M., Nath, B., & Nath, T. K. (2018). Land use classification and change
detection by using multi-temporal remotely sensed imagery: The case of Chunati wildlife sanctuary,
Bangladesh. The Egyptian Journal of Remote Sensing and Space Science, 21(1), 37-47.

Iverson, AR., Humple, DL., Cormier, RL., Hull, J. (2023). Land cover and NDVI are important
predictors in habitat selection along migration for the Golden crowned Sparrow, a temperate-zone
migrating songbird. Movement Ecology, 11: 2.

Jafari, HR., Hamzeh, M., Nasiri, H., & Rafii, Y. (2011). Developing Decision Tree and Data Mining
Based Conceptual Model for Detecting Land Cover Changes Using TM Images and Ancillary data.
Environmental Sciences, 8, 1-20.

Kaboli, M. Aliabadian, M., Tohidifar, M., Hashemi, AR., & Case, R. (2016). Atlas of Birds of Iran.
First edition, 628 p.

Kaboodvandpour, S., & Shiriazar, J. (2019). Modeling the habitat desirability of the Tetrao
mlokosiewiczi in Arsbaran Biosphere Reserve using the maximum entropy method. 4th International
Congress of Developing Agriculture, Natural Resources, Environment and Tourism of Iran. 14-16
August. 2019, Tabriz Islamic Art University In cooperation with Shiraz University and Yasouj
University. (In Persian).

Keinath, D.A., Doak, D.F., Hodges, K.E., Prugh, L.R., Fagan, W., Sekercioglu, C.H., Buchart,
S.H.M., & Kauffman, M. (2017). A global analysis of traits predicting species sensitivity to habitat
fragmentation. Global Ecology of Biogeography, 26, 115-127.

Khosravi, R., Pourghasemi, HR., & Movaseghi, Y. (2022). Assessing landuse changes in areas with
high risk of human-Brown Bear conflict in Fars Province. Iranian Journal of Applied Ecology, 11, 51-
64. (In Persian).

Liu, C. Y.; Sun, Y.; Liu, L. F.; & Zhang, S. Q. (2010). 3S-based wetland habitat information
management system in Songnen Plain, China, UNEP/GEF Siberian Crane Wetland Project-Project
Completion Workshop Proceedings: 1-10.

Malekian, M., & Jafari, R. (2012). Application of remote sensing technology in biodiversity
protection. Scientific-Research Quarterly of Geographical Data (SEPEHR), 80: 18-22. (In Persian).
Malekian, M., & Meijoni Jabalbarez, M. (2023). Strategic conservation planning in steppe areas based
on indicator species (case study: Asian houbara in the south of Kerman Province) (Research Paper).
Journal of Arid Biome, 13(2), 95-105.

Pakniat, D., Homami, M R., Maleki, S., & Tohidi, M. (2016). The Influence of Environmental Factors
on the Distribution of Wintering Populations of Asian Houbara Bustard Chlamydotis Macqueenii in
Central Iranian Plateau. Iranian Journal of Applied Ecology; 5 (17) :77-89. (In Persian).

Pakniat, D., Hemami, M., Shahnaseri, G., Maleki, S., Adibi, M., Besmeli, M., & Tohidi, M. (2021).
The potential distribution of wintering and breeding populations of Asian Houbara Chlamydotis
macqueenii in Iran. Bird Conservation International, 31(1), 151-165.



VY padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

Quesnelle, P.E., Fahrig, L., & Lindsay, K.E. (2013). Effects of habitat loss, habitat configuration and
matrix composition on declining wetland species. Biological Conservation, 160, 200-208.

Soleimani, A., & Hojati, M. (2018). Investigation and Quantification of Variations of Landscape
Measures using Remote Sensing and Biodiversity Indices (Case Study: Dez Protected Area). Human
and Environment, 46, 65-76.

Soleimani Parapari Azad, M., & Kherkhah Zarkesh, M. (2024). Monitoring of land use changes based
on Decision Tree algorithm using multi-temporal Landsat satellite images and auxiliary data, case
study: Western area of Tehran. Watershed Engineering and Management, Accepted Manuscript,
August 2024.

Su, X, Shen, Y., Zhou, W, Liu, Y., Cheng, H., Yang, M., Zhou, S., Zhao, J., Wan, L., & Liu,
G. (2022). Land-use changes conservation network of an endangered primate (Rhinopithecus bieti) in
the past 30 years in China. Diversity and Distributions, 28: 2898-2911.

Tamiminia, H., Salehi, B., Mahdianpari, M., Quackenbush, L., Adeli, S., &Brisco, B., (2020). Google
Earth Engine for geo-big data applications: a meta-analysis and systematic review. ISPRS Journal of
Photogrammetry and Remote Sensing, 164, 152-170.

Xiong, J., Thenkabail, P. S., Tilton, J. C., Gumma, M. K., Teluguntla, P., Oliphant, A., Congalton,
RG., Yadav, K., & Gorelick, N. (2017). Nominal 30-m cropland extent map of continental Africa by
integrating pixelbased and object-based algorithms using Sentinel-2 and Landsat-8 data on Google
Earth Engine. Remote Sensing, 9(10), 1065.

Xu, X., Xie, Y., Qi, K., & Wang, X. (2018). Detecting the response of bird communities and
biodiversity to habitat loss and fragmentation due to urbanization. Science of the Total Environment,
624, 1561-1576.

Yousefi, M., Ahmadi, M., Nourani, E., Rezaei, A., Kafash, A., Khani, A., Sehhatisabet, M. E., Adibi,
M. A., Goudarzi, F. & Kaboli, M. (2017). Habitat suitability and impacts of climate change on the
distribution of wintering population of Asian Houbara Bustard Chlamydotis macqueenii in Iran. Bird
Conservation International, 27(2), 294-304.

Zhang, W., & Ma, JZ. (2011). Waterbirds as bioindicators of wetland heavy metal pollution. Procedia
Environmental Sciences, 10, 2769-2774.


https://www.sciencedirect.com/journal/procedia-environmental-sciences
https://www.sciencedirect.com/journal/procedia-environmental-sciences

VY padios by 9 oo 9 Sblo | o (o low/ 0090 ol j Ol peidi' (U

References
for spatial evaluation of groundwater quality variables. Journal of Cleaner Production, 276, 124206.

-020-02577-6
. https://doi.org/10.1016/j.scitotenv.2021.152086


https://doi.org/10.1016/j.scitotenv.2021.152086

