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Abstract

Investigating the changes in groundwater aquifers in planning the sustainable management of water
resources in each region is of particular importance. Therefore, reducing the level of groundwater
aquifer changes requires proper management and planning to exploit water resources. In this study,
the level of groundwater aquifer changes in Urmia Lake basin was examined for the period from 2002
to 2017 using GRACE satellite data (JPL, GFZ, CSR triple bands, CRI Filtered model, time and space
filter, and Lew-Thiknth uncertainty dry product) in the Google Earth Engine. The results of the triple
bands showed that the JPL band estimated the average level of groundwater aquifer changes on May
1, 2004 as 14.947 cm, while the GFZ band on estimated this as -30.558 cm on September 1, 2015 and
the CSR band estimated this amount as -28.206 cm. Therefore, CRI Filtered model can very
accurately identify the boundary between land and water zones. The results showed that this model
estimated the maximum thickness of liquid water in the groundwater aquifer at March 31, 2002 as
about 11.599 cm and its uncertainty at about 9.767 cm. It can be said that the least amount of
thickness of liquid water is estimated on 13 August 2015 as 12.309 cm with an uncertainty level of
10.759 cm. According to the results, the level of groundwater change in aquifers in terms of liquid
water thickness parameter (Lew-Thiknth) in the northern parts of the Urmia Lake basin and in terms
of uncertainty in the northeastern part of the Urmia Lake basin is experiencing a strong decline in the
aquifer water levels.
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Map.centerObject (table);

Map.addLayer (table);

Var grace = ee.ImageCollection (NASA/GRACE/MASS_GRIDS/LAND')
filter Bounds (table)

filter Date ('2002-01-01','2017-01-01");

Print (grace);

Var chart = ui.Chart.image.series (grace, table, e.Reducer.mean ()
, 1000, 'system: time start’);

Print (chart);

//grace mascon cri

Var grace = ee.ImageCollection (NASA/GRACE/MASS_GRIDS/MASCON_CRI')
filter Bounds (table)

filter Date ('2002-01-01','2017-01-01");

Print (grace);

Var chart = ui.Chart.image.series (grace, table, e.Reducer.mean ()
, 1000, 'system: time start’);

Print (chart);

/I grace raster

Var grace = ee.ImageCollection (‘uncertainty')

filter Bounds (table)

filter Date ('2002-01-01','2017-01-01")

/l.median ()

/l.clip (table);

//Map.addLayer (grace)

Print (chart)

oRgH shasl
JPL, GFZ, CSR &il5am gl (wlw! i wojptj SR byt Oyt cuilao

B slaasl 3l &)l JS8 5550 55 wnd 5 e i O s Ol i Lslons (51
A eslaal Sladss S| s
O ets EALS Ol 5 o3l I3 anlllae 3550 diae LU b Jolae |y L 3 5 dilate
o355 S e olesl addllas (pl 3 oS s LS @ Ske Dslee 1 e s o] 6 i
VAVY 5o 1y nd s T o Ol is a1 oSS Yer Y ae ) 5 ILP o
YN0 el ) J3GFZ x5 50 58 e oKiulasl S Sl sl 03 5 5551 5 2 ol
Y OOA 3 gd sy Axlps A (sl Ly e s Gl d i Sk mhaw IS Sl
i St Slse (CSR) LS ol s liions S o Lol il 03,8 5551 2 2 5l




Y.0= e 810 lanlo (5031 51 03l U (e} g5 (ST By prdanns ol g

Coas g Ll ol 0L e sle =YA/YOS 50 YN8 sl Y s |y s ) ]
S 8 e 5 oL e 5 ST 6k Dk i S Ol e X S
eV Sl Gl S e e a6l e ddid Dl ks IS ke a3 el 03 S <3 JLP
Aald Ol o o 530l B g ol 4 S 55w Jo35 g a, YOIV L b 5 add ps 0 YooY

Syl il sl A S e 53 e 5 ST ke S

Band mean across images

20

‘1

— lwe_thickness_csr
— lwe_thickness_gfz

— lwe_thickness jpl

g ]

b Q0 ——L

I

@

m
20—
0 ——
40

M 2003 2004 2005 2006 2007 2008 2000 2010 201 2012 2013 2014 2015 2016 2017

Image (labeled by systemtime_starf)

A wligdxs H35 o (olwl 33 Giwe) 225 T 8 pimw ol puass (il 39, .Y JSib

CRI Filtered Jue 31 03! b (oo 5 SR B ybw 3155 C81 oyl 3a0 (o yiins
\ el Slalie oz GRACE Tellus (GRC Tellus) Global Mascon (slassls is sazes

Glacus st 5l 553 e ol (PL) Lul o 4S5 e 5550 olKilo3] L3 5 ol
Gl a5 e bl 5 Sl 1S laaies mas sl Oles 5 Lad 0> A
L 6 S eslbl slallax 316 LS e eslizul (Mascon) 6j;¢ﬁgwbaz)>u); a3 A
Jsdoe a4y s LaMascon 51 g, SIN ol 553 0 Eels b ol Ll Bl 4
s /0 A0l 5l Juie ol S S s il ails J pens S pesla mss S



VFee UU.MML:S)LQ; o) E)low ‘\Y‘E,s: (O ) g wlﬁi Y‘?

310850LES skel ows 4 CRI Filtered Jus 51 48 auls .ol ol a3 Sl 55( 20 5S 00,0)
LYY sle ) s eyl il oul e mle OF IS Culies Jue (pl oS ol
red 3 by mle O S Culbis Coalad pde & Sl 55 ol 63l 0L e 5L 11/084
mle T S b s Olg Yoo F sl 1Y s opl iy sl ooy 2 Sla AVEY o3l
she s mbe OF S Gl oalad e Ol 5 e 8l VU/PFA e il B >
el VPR sie mle T S caalies YOO st VY 53 5 sl LS 1 e e Y/PAA
sde mle O S Culins YoV 40 YY 55 sy QLS 1 j2e Sl YO e OF Coabad pats
sl QL psul s (gl 1 e 8l V VO e OF oalid oo 5 e Bl -V Y/
YOV 5 Y10 sladlo gl aes)l ixlys siul s mle O IS Gl < 0l 5 0
P N L INOW PPV TP SRR Uy LgugTSJ@Ch.ﬂj\f” ol L e

el 0l 0303 OLES ¥ IS 55 e sl b i 315 Sl Ol e

Band mean across images
gl — Iwe_thickness
— uncertainty
10
0 ) |

; VY
o 10
<
@
a

-0

-30

40

J 2003 2004 J 2005 2006 2007 2008 J 2009 2010 2011 J 2012 J 2013 2014 2015 2016 J 2007
Image (labeled hy system.time_start)

CRI Filtered Jaw (bl 3 ushad o3 9 T cnolsus il puds (il & JSib



Y.vE v 510 lgnle glaodla 3 o3liuwl b (w0 y ST by gebaaw ol et

o9 sy s RO B yhiw pri (615 GRACE 3,52l 231y SuWid C813g 5 3! 03w
4oyl 4l

L anssl drlss sl s Sl adelisay ns s ool & i SIS Ol )
S Sy ol LSS 55550 05 e S Sloslsalae pslas i &Slsg 5l eslinad
03,551 s iy (1 e ey IS e bl e ST ke Dol Dl i
5 (Lew Thickness) mle T IS Cabies Lasls 53 51 &)l S5 5550 5o (Koot Slag
SLaati cplply A eslinal Jfags ool s (Uncertainty) mle F ol IS Coalad pue
o s lacl b Ok Sl gl Caalad pde 5 mle OF S Culiss
gl S Sloolpale sl Sl eslizad L YOW B Y0¥ Sl 854 Sl gl 2lys 5]
el 53 bl o ae )l Al 8o ad s ST i e Sl iS s 2 S

Wl ol o3ls QLIS P 50 (gla S5 53 Coalad e 5 b ol S calss

43°45'0"E 45°0'0"E 46°15'0"E 47°30'0"E

z z
° o
o< Fo
2 ~ 2
r~ R~
o« o«

‘?’

W I 4% : S
e o S s P

s =
= | Ol s (faad ) g ol 0 ks thas S =
24 I Clz (a5 20 1 o 0 o P La
2 p [ 2
B | basia Ra) ) s o 0 kel : &

VG o ) ) W il 8 e i
Of Ao Al

0 20 40 80 120 160
[ == km
43°45'0"E 45°00"E 46°15'0"E 47°30'0"E

&lo.._;Tdf.;ml:'bbuiu“A.;Jl.\,)e)'lo.\lﬁmllgA*cg)liv;lg).\&é,; W}H)GLQQTE)M»E&»QIM.OJ&



VFee Uuw.ﬂbs)l.y o) E)low ‘\Y‘E”: (O ) g whi Y‘A

43°45'0"E 45°0'0"E 46°15'0"E 47°30'0"E

z z
=3 o
= =4
2 2
[ &
B3 5
N
sl
W‘F"—’( E

(2 [ AT JEAREWE I N ‘F(
z e e T z
S | M Onh S e 32 g S o b mh s
0 -, i
g T s o) 20 Wb S o b o g

[0 b gin a) ) s ok hae
I VG e e ) W S ok mha
(5 Agag ) aab s

0 20 40 80 120 160
-—— Km
43°45'0"E 45°0'0"E 46°150"E 47°30'0"E

ayald i KA 513953 0Ll b dxeg)l dxl)d Aibga (Hine) ) SLOST 0 rius Elow s § JSub

il YWV DY Y ladlo s comul ol osls OLES £ 50 IS 55 45 sboles

:«_gli,su?L;\ﬁug_;,;c,s\;molﬂwurwj@uqt}s@wduﬁbg
sl e e 5 Slne e S e S 0SS S Ul e A e 2 405
S gl 035 L) S s s mle O JS s eyl il ns )l il
Sl 6 i e 0350 YUy ¢ s 5 ST &k o 0350 a0 o 5 o
o Jd slaca s 0 Ul o 0 IS8 ar g Lo sl eals OLES (e 05
wjﬁ;@uqz,@é@umﬁu\L_;;_».;:mwvurnv Sl a3k 5l assl il s
A Sl sl izl s p s B0 Jld glacend S S cl e g soa)
63 50 daxlge (63L 3 Ol LYV B Yooy @ujsjp)swjﬂjéuopgfc@uo\ﬂﬁ
AU E ISl sls 13 plle Il s e Sl i O e DS ol 5 Sl
o ar i b e 0L 1) e 3 e i DT i e Olje 53 Conlad e il

g dwwjbﬂjﬁjdbaajingcﬁwQUmﬁwo\j&wr&ﬂbg



Y.A= v 510 lgnle glaodla 3 o3liuwl b (w0 y ST by gebaaw ol et

L;ugiz,:._wégug\ma Olsae 5039 alpo LS Hlows Sl i b sl &b s 45 5>
g L daea a5 5 T el b sl Ao Sl a3 Gl 53 e
Sl i e B gyl Al s b o slacend CiS Ulg e F IS
5 e e i Ol Ol e i 55455 63b5 2l 35S b e 5 slae i
Sl Camd ol gy eddy pde g Cowys aslanal 5350 13 e I js Cal3
W O S i e Sldlln e st opl Sl ol il S o Ol 4
Dlgale Slaline 5 (5 a5 slasly mlt dnlie & (1740) E1LSan 5 o3l3dbl s ol 3
dmssl il i i el S Sk e 3550 5 e S e J
SaS 4 am gyl amrl s daakie 53 fus) L;LAQIZPCE.NQ\J:&J COpoman Ll
S a5l ol il 5 s (pl 5 amlows dlate 3 392 50 (5 05 Ol by o
e 313 0L G ol 3l ol ol el sl Al YV F B YT sladle oo
el Gy 0 R220.49  Slaalis ol glaosls 5y S 2l i) o olddanlone Sivces

ol Cws 4 R220.70 S 5o sy b (Stned opl &S JU> 3

b s orl s el s b s s slacl S by Ol ks o Ly, Alie
J4s CSR 5 GFZ 5 JPL (sladsl ooyl 558 55550 53 S (Sloslpale (baosls 3l eslizul
YAV LYY Sl el ¢l s Uncertainty 5 Lew_Thiknth i oSty 5 CRI Filtered
CRI Juce bl oyt Al s B o e 3 Sl i O o Ol i A5 e
il dde plal s e 0L Alfan Slidss S sl L1, sl =\ Filtered
el pde 5 e Sl /088 sl O 1S Sl s Sl Ol YooY sl MY
SIS s Jue ol il o 351 e Sl AVEY o3l ol 53 mle OF IS i
OF alas oo Olpoe 5 20 Bl VPP wn gl Bl ps Lo sl Yoo F e ¥ Ll e
WY mle OF S Calis Olye YOIV @0 Y 3 5ol a3l 0L e 5o YIFAA L,

L5 on el Sl Ol ga ol 305 OLES 20 Sl VoVOA 1 O el pale 5 20 Sl



VFee UU.MML’S)LQ;A E)W‘\Y‘E,,: ‘w‘}f"d“il‘i Y“

oo i T i o Ol das et |y (S 5 ol lawg 50 G332 sk«
sl S 5 Bl e glyls Sist aShagn elal s ases)l i lps Ao s
355l e e FAO/OY 1, OF jSlas 5 OV/+20 15 mle O JS Culies 3l oSlss (!
el A sae OF Slas 5 +/Y 3o O oalad oo Bl Olse 45 Jl 3 ol 03 S
Slao i O ma JLSe Ol i sl OL28 gl slie ol il el ol 0L 1,
S a3 YW L YooY Slejisl sl @La \.JJS Coles bl 5 oo
035 5y i Slre i O Tl 3 i SOl L Dl ae )l Al s A5 5
slors odldan 85 Jhd glacans js coaks ple Sl b 5l as e oS Jb s
50 3 5 Sl O i el 390 e 5 Ol Slvo i o Ol 3 S ks
Sl py il a4l JralS Culdas asgsl &xlys Ao gl YWV B YeY b
ool 53 oSl 05 b aslsl e 4 e 5 Sl i S| O g0 il
5303 dal (55 sl il sul A sl sl 6 e mle 55 o pllasl UL
Sy A i oLl sl Gl adlaie 3 gl 5 (3Ll 5 elerl Sla0l o 0T a3 &
Sl & i 5l 615 e Olin 53 B0 Lo 5 aagyl ibs sl b ad s sl
L il o o Gpmn 3 s o 5 Glell Shd s ol Obetily Sl 3l by po o 5
gyl Amlys pal s e glacl § e Ol s oI SR S NCETRC

S 5SS



"E v 510 lgnle glaodla 3 o3liuwl b (w0 y ST by gebaaw ol et

&l

S P WS U5 e b (Y 010) desma ¢ b 1L oMe ¢ Sa g L] ol3 3
i 65l 5 psle (6513 ,mail WGRACE &)l pale (2318 s slaesls 51 eslinad
AY VY as ()0

Cis e ) O by g LIS OO i S L0 OYWY) el (sl sl
o VOF lsal O o g ol K515 )l pnled 1S LOLY (! i) Ol 5o

Slact 53 4S5 A4S Suid Ly, o sa 2 (Y018) 01 alS tesl 3l ¢ e o oollas ol
(s e oo s il O 3 (Sen ol s 18 8 5 L e 0
N2\ aw OVO

oL dals oy e s glao] 3L Sbles 50 OYAY) e o dle
Lazaly sbul o e (5 el 53 (ol Bl G215 b ank il Al s S
Olghol 55 ply ol sl Jo il

s 5 i) e Sl e Sl 0 (17A0) 3 gamme £ 115 (e sl Ol sl
Fe-¥ an O (DSl _.,/’wwjf,,z; (Ol Znls g 153, 90 dnlllaa) (gladlaie

GRACE __i/,S (slmosls jl oslécal L o s 63 5SSl ek ols, (YVE) Lo odhe o S35
s Sa s sl s e sk oSl

Sl oy b Gl Sols 0l b5 olsl ¢ Kb e sS olagl 55 3 fgdge (Sbt
Assimilatin  glaesls Lo 5 Ol 2l 53 O 6,553 288 Olee i) L(YOA) o dases o i 5
MY Law MY ‘g/’é,z;,,ﬁ i AWBRA S5 05,008 Je « GRACE

03 e LT (OIS Jash (VWAY) L demme (53 o g0 gl e O
AP AY e OV 5 AT e cdrw sl g (60 lES slat] (s, 5L sl ls pe g

el plad Lﬁf;jj b (OWYAQ) dilde el 53 ¢(sign (S o (ol « Sho Lo, ¢ ols,
Sy pale ol ale dlms iz e 5 A5 85 Jome Sy bl e 5
AAZA as A0 3 Ol S

Ol plol olKls (53,05 s islasen Sl (VAP L oal3 s



YFoe UML’Q)LQA‘\ E)Lo.w‘\\"‘a”: ‘w‘a)ﬂwlﬁi Y‘Y

b lion (Y40) 5 5ams e OLd i) g (3 lig (B sig tpl3 b cosljdbles
5l gns s Sl i 5550 5 55 e S e 8 51 pale Sldalie 5 (6 255w slael:
Ol g e el 15T oy Sole 55 fales XYY

Loy glawilis gy Ol La) b 5 Ao S Glh (VAT W e o s0ISCE1 L3 3
AV AP oo X i oSl 5 o dase )| il

Jie 5,500 L(T0) el gy 55 tdomme GaLis el o) tinns 0135 S 3 faabls (318
ol o, L O 5, Slas glie 5 fwns 5 2 ol ($3ladibe 3 adlmans 558
NAL NPT O eed ol o ol LMD e 5 50 et o e g3

Sl s o L0l iy (S0 e 5 LoD Sl (sltoio (VYVY) sl s (555
&l s b S

Ol s Sl 3 Joeilty gy 0 (WVAF) Lo adle ¢ oslies! ¢ s o ¢ suile caabl ¢ SLS
dn g 5 o o (Ml 8 S e g dBIS Lamms 55 S35 Geili J2ss Sl eslial b - S
Ozl Ol (6 s o e 5 (Solome on il ES (sl 5 6 e

Gladsly e s o CoiS EalS ) 0 (OYAD) sl (i ey S ¢ et 35 adla
3 s e sladlae Siolan sl dAY B VS Gladle b Olgisl 5 sblcins S050s548
(3l 5 s ) 3550005205, Lo 3 o -

OF 5 5 e > oy OV 25 (slaas g 53 Sligry ooy 20 (1YVO) o Sitasmea golltin
0L ol (S s e 82SCESNS (| b 1S BALOLY o un 3 slacl Liss s

References

Alizadeh, A. (2007). Principles of Applied Hydrology, Imam Reza University Press. (in
Persian)

Adhikary, S., Das, K., Saha, S. K., & Chaki, T. (2013). “Groundwater drought assessment
for Barind irrigation Project in Northwestern Bangladesh”, 20" International Congress
on Modeling and Simulation, Adelaide, Australia, 1-6 December.

Afzal-Oli, R. (1998). “Evaluation of the effects of flood spreading on artificial nutrition of
groundwater aquifer in Mosian plain (Ilam province)”, Master Thesis, Shahid Chamran
University of Ahvaz, 154 p. (in Persian)

Amirataee, B. & Zeinalzadeh, K. (2016). “Trends analysis of quantitative and qualitative
changes in groundwater with considering the autocorrelation coefficients in west of



W= v 510 lgnle glaodla 3 o3liuwl b (w0 y ST by gebaaw ol et

Lake Urmia”, Environmental Earth Sciences, 75(5), pp. 1-10. (in Persian)

Ashrafzade, A., Judaki, GH., & Sharif, M. (2015). “Iran's groundwater resources
assessment using data from the GRACE satellite gravity survey”, Journal of Research
Science and Technology Mapping, 5(4), pp. 73-84. (in Persian)

Baharloui, M. (2013). “The effect of precipitation fluctuations on groundwater in Damaneh
plain”, Master Thesis in Natural Geography Climatology in Environmental Planning,
Supervisor: Abbas Ali Arvin, Payame Noor University of Isfahan. (in Persian)

Chen, Q., Shen, Y., Chen, W., Zhang, X., & Hsu, H. (2016). “An improved GRACE
monthly gravity field solution by modeling the non-conservative acceleration and
attitude observation errors”, Springer-Verlag Berlin Heidelberg, 90, pp. 503-523.

Falah, F., Ghorbani-Nejad, S., Rahmati, O., Daneshfar, M., & Zeinivand, H. (2016).
“Applicability of generalised additive model in groundwater potential modelling and
comparision its performance by bivariate statistical methods”, Geocarto International,
32(10), pp. 1069-1089. (in Persian)

Farrokhnia, A. & Morid, S. (2014). “Evaluation of the effects of rainfall and temperature on
the flow of rivers in the catchment area of Lake Urmia”, Journal of Water and
Sewerage, No. 3,, pp. 86-97. (in Persian)

Fathollahzadeh, F., Vosuogi, B., Raufian Naeini, M., & Mohebbi, M. (2016). “Comparison
of the results of piezometric wells and observations of Grace gravimetric satellite in
estimating groundwater changes”, Vol. 23, Geomatics Conference of Islamic Azad
University, Tehran, Iran. (in Persian)

Hasheminejad, H. & Karimi Jashni, A. (2006). “Investigation of groundwater quality loss in
Najafabad and Isfahan hydrological units during the years 76 to 83, The first regional
conference on the exploitation of water resources in the Karun Zayandehrud basins
(opportunities and challenges). (in Persian)

Hindabadi, M. K. (1996). “Investigation of sediments in the areas of Lasjerd flood
distribution in Semnan and its role in groundwater nutrition”, Master Thesis, Faculty of
Natural Resources, Karaj, University of Tehran. (in Persian)

Javadanian, H. & Ahmadi Darani, M. (2016). “lrregular abstraction of groundwater
resources and regional meeting: a case study of the city of Isfahan”, Journal of Water
and Wastewater Science and Engineering, 1(1), pp. 49-60. (in Persian)

Joodaki, G. (2014). Earth Mass Change Tracking Using GRACE Satellite Gravity Data,
Norwegian University of Science and Technology, Trondheim. (in Persian).

Khaki M, Forootan E, Kuhn M, AWange J, van Dijk A | J M, Schumacher M, Sharip M A.(
2018). Determining water storage Depletion within iran by Assimilatin GRACE data
into the W3RA Hydrological Model, Advances in Water Resources. 114: 1-18.(in
Persian). Khalilian, S. & Mehrjerdi, M. (2005). “Evaluation of groundwater in
agricultural exploitation”, Agricultural Economics and Development, Year 13, No. 51,
pp. 96-83. (in Persian)

Kiani, F., Abedini, M., & Ahmadzadeh, Gh. (2017). “Investigation of subsidence potential
of Karaj city using weight integration method in GIS environment”, 3rd International
Congress of Earth Sciences and Urban Development and the first conference on art,
architecture and urban management, Tehran, Iran. (in Persian)

Kowsar, S. A. (1995). An Introduction to Flood Control and Optimal Utilization, Forest and



Y¥ v bl g 5les ) Bylowd V¥ 590 ¢ pa0 oo s ol ay\f

Rangeland Research Institute, 552. (in Persian)

Lee, S., Seo, J., & Lee, SK. (2014). “Validation of Terrestrial Water Storage Change
Estimates Using Hydrologic Simulation”, Journal of Water Resources and Ocean
Science, 3(1), pp. 5-9.

Liu, B., Zhou, X., Li, W., Lu, C., & Shu, L. (2016). “Spatiotemporal Characteristics of
Groundwater Drought and Its Response to Meteorological Drought in Jiangsu Province,
China”, Water Journal, 8(11), 480.

Longuevergne, L., Scanlon, BR., & Wilson, CR. (2010). GRACE hydrological estimates
for small basins: evaluating processing approaches on the High Pl ains Aquifer, USA.
Water Resources Research, 46: W11517.DOI: 10.1029/2009WR008564.

Mackay, J. D., Jackson, C. R., & Wang, L. (2014). “A lumped conceptual model to
simulate groundwater level time-series”, Environmental Modelling and Software, 61,
pp. 229-245.

Rami lien, G, Famiglietti, JS, & Wahr, J. (2008). Detection of continental hydrology and
glaciology signals from GRACE: a review, Surveys in Geophysics, 29, pp. 361-374.
DOI: 10.1007/s10712-008- 9048-9.

Rezaei, R. Maleki, A. Sarifi, M. Ghavami, A. (2010). “Evaluation of chemical pollution of
groundwater resources in downstream areas of Sanandaj city landfill”, Journal of
Kurdistan University of Medical Sciences, Vo. 15, pp. 1989-1998. (in Persian)

Wahr, J., Swenson, S., & Velicogna, I. (2006). Accuracy of GRACE mass estimates,
Geophysical Research Letters 33: L06401.

Wulder, M. Michael A. Thomas R. David P.Roy, Christopher J.Crawford' Jeffrey G.Masek'
Curtis E.Woodcock Richard G.Allen' Martha C.Anderson Alan S.Belward’ Warren
B.Cohen/JohnDwyer’AngelaErb*FengGao"PatrickGriffiths'DennisHelder
TxominHermosilla ,James D.Hipple ,PatrickHostert...ZheZhu Current status of Landsat
program, science, and applications. Remote sensing of environment, 2019. 225: p. 127-
147.

(2019). “Current status of Landsat program, science, and applications”, Remote sensing of
environment, 225, pp. 127-147.

Xiao, Y., GU, X., Yin, S., Shao, J., Cui, Y., Zhang, Q., & Niu, Y. (2016). “Geostatistical
interpolation model selection based on ArcGIS and spatio-temporal variability analysis
of groundwater level in piedmont plains, northwest China”, SpringerPlus, 5(1), pp. 1-
15.

Zhang, W., Yan, Y., Zheng, J., Li, L., Dong, X., & CAI, H. (2009). “Temporal and spatial
variability of annual extreme water level in the Pearl River Delta region, China”, Global
and Planetary Change, 69(1), pp. 35-47.


https://www.sciencedirect.com/science/article/pii/S0034425719300707#!
https://www.sciencedirect.com/science/article/pii/S0034425719300707#!
https://www.sciencedirect.com/science/article/pii/S0034425719300707#!
https://www.sciencedirect.com/science/article/pii/S0034425719300707#!
https://www.sciencedirect.com/science/article/pii/S0034425719300707#!
https://www.sciencedirect.com/science/article/pii/S0034425719300707#!

