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Groundwater extraction

Estimated

groundwater Groundwater Groundwater Groundwater
Population 2010 | extraction 2010 | extractionfor | extractionfor | extraction for
irrigation (%) | domestic use (%) | industry (%)

Margat, J., and J. van der Gun. 2013. Grounc . . :
World. CRC Press/Balkema.
Pakistan | 173503 | 6482 [ e | 6 [ 0 |

bon | 7397 | 640 | & [ 1 [ 2 |
Bangladesh | 148692 | 3021 | 86 [ 13 | 1 |
Meio | mn | 294 | 0w | 0» | 6 |/
SaudiAabia | 2448 | 2424 | 9 | 5 | 3
indonesa | 2308 | i3 | 2 | ® | 5
Tukey | 72 | w22 | e | 0w | 8
Russa | w85 | me | 03 | 0w [ 18 |
o | aoan | ma | o | 05 | 5
Gleeson, T., KM. Befus, S. Jasechko, E. Luijendijk, and M.B. Japan | 1653 | 10w | 08 | 9 | 4 |
Cardenaas. 2016. The global volume and distribution of modern Thaiand | 2 | 1074 | 0w ] e [ % |
grounadwater. Nature Geoscience 9, no. 2. 161-167. ey s ] e | e | B | 0 |

Margat, J., and J. van der Gun. 2013. Groupdwater around the World,
CRC Press/Balkema

httos.//www.ngwa.org/



Where is Earth’s Water?

Surface/other 1%

Atmosphere  Living things

3.0%

0.26%

Ogelne Y55 290> (gloy B atwgy (g yinghsS ¥ (¥l Gos 50 (Jwoiyj ol S5 o
Ol e oS o & Hlodo ! ] A5 Cawl 0uld 09l g xS poglS

-

‘;Mo\-’

Zone of Aeration
Vadose zone

Atmospheric
Pressure

(Gleeson et al., 2016). s,ls JLs 8+ 3 yoS

Increasing Pressure
—

atmospheric=0

Atmospheric

()

Soil water
close-upHX

! Capillary Fringe
el I

: ater Table =

Zone of Aeration
or

Pressure

Vadose zoﬁe' ;

Capillary Fringe

height of column

0

Pressures are negative
above the water table

Atmospheric pressure (zero
at the water table

Pressure is greater
than atmospheric
below the
water table and
increases with
depth

Freshwater 2.5% freshwater

Rivers
~0.49%

H'H Swamps,
| marshes
\28%

IIl
Soil
moisture
3.8%

Surface water and
other freshwater

Total global Freshwater

water

Source; lgor Shiklomanov's chapter "World fresh water resaurces in Peter H, Gleick (editor],
1993, Water in Crisis: A Guide to the World's Fresh Water Resources, (Numbers are rounded).
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) FILTER MAP DATA

Lithology:
A
Carbonaie-fock aquiers
lqneous and metamarphic-fock aquiers
Offerrock
Sandstone and carbonate-fock aquiers

S ‘ °
- i i
oy ‘)M AR LL Soisoe s
o ot Semiconsaidat sand aqufers
Unconsoidated sand and gravel aquifers

Aqufer Type:
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CONFINED
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CURRENT STATUS

National Ground-Water Monitoring Network
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GRACE (Gravity Recovery and Climate Experiment) .1
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(Microwave K-band Ranging Instrument)

(Accelerometers)
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*,.. / gravitational pull on spacec
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48, W04531,
001:10.1029/2011WR011453

2. S.C. Swenson. 2012. GRACE monthly

land water mass grids NETCDF x0T Glasol (rigle 4 ool (yle
RELEASE 5.0. Ver. 5.0. PO.DAAC, CA, /
USA. Dataset accessed [YYYY-MMDD] A (w50 +,0% x +,0% 917 x 1% biglgyy UL TWS dilalfclagdlse
at TELNDNCO05

-

3. https.//climatedataguide.ucar.eau / /
/climate-aata/grace-gravityrecovery- 7/
anad-climate-experimentsurface-

mass-total-water-storageand
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P—ET-Q =ATWS [terrestrial water balance]

ATWS = AGW + ASM + ASWE + ASW
AGW = ATWS - ASM - ASWE - ASW

ob=P
%5 9 i = ET

albogy 0=Q

[GRACE _laosls jl] ouo) o 0553 s = ATWS
S0y O 0 S yuuis = AGW

S Cughb) ymsi = ASM

Sy ol Jolaw s = ASWE

‘&MQTORSM’=ASW

o) osls ples! i s Juo IASW ,ASWE , ASM 0l
W g 0 C‘fﬁ;’f.w‘ Sl oyledle wolas g FLDAS .(GLDAS) gs"l'ét’

Courtesy. John Bolten, NASA-GSFC

grou ndwater
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GLDAS-v2.2 Groundwater Storage

Kumar et al., 2016: Assimilation of gridded GRACE terrestrial water IR T S A e i e
storage estimates in the North American Land Data Assimilation AT ) e E e T e iz T
System, DOI: 10.1175/jhm-d-15-0157.1 SR ¢ : : o

Li et al., 2019: Global GRACE data assimilation for groundwater and
drought monitoring: Advances and challenges, DOI:
10.1029/2018wr024618

Zaitchik et al., 2008: Assimilation of GRACE terrestrial water storage
data into a land surface model: results for the Mississippi River Basin,
DOI: 10.1175/2007JHM951.1

Average of June-July-August 2019



https://arset.gsfc.nasa.gov/sites/default/files/land/20-Ag-Training/Ag_Training_Part2_Consolidated_Final.pdf
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Li et al., 2019: Global GRACE data assimilation for groundwater and drought monitoring: Advances and challenges, DOI: 10.1029/2018wr024618
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[Mascon (RLO6M) azwgs

GRACE-FO 0wy sWrosls USA - NASA/Caltech Jet Propulsion Laboratory JPL

Mascon sSH sosls udgs USA — Univ. of Texas at

i Austin Center for Space Research CSR

ous3le y gGRACE 8 5 i German Research Centre for
SHIWGHM besls Germany GFz

Geosciences

gFLDAS .GLDAS uJg
Mascon Goddard

Goddard Space Flight

USA — NASA Center

L iSlSH sbesls udgs
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Groupe de Recherche de

Géodésie Spatiale GRGS/CNES

France
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GRACE Twin Satellites | PO.DAAC X  ;*. GRACE(-FO) Data Analysis Tool | X | :*. Data Portal | Data — GRACE Tellus X +

—a
"I

S B # podaac,jpl.nasa.gov/grace?tab=

HOME AND DATA ACCESS DATA RESOURCES ABOUT HELP CLOUD DATA v

SETERT SEieeeeeeesy ey Lo e e
et s e e

- [ ——— A———— e

ARsT s eaa ety =

= 3
= Gravity Recovery and Climate Experiment (GRACE) _
BOUT MISSICN _ CWS & ANNOUNCEMEINTS RESOURCES

ABOUT MISSION

Related Links

1o use, publications, applications.

https://podaac,jpl.nasa.gov/grace?tab=related-links8sections=about#
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Gravity Recovery and Climate Experiment (GRACE)

DATA

Dataset Name

JPL GRACE and GRACE-FO Mascon Ocean, lce, and Hydrology Equivalent Water Height Coastal Resolution
Improvement (CRI) Filtered Release 06.3 Version 04

Tellus Level-4 Antarctica Mass Anomaly Time Series from JPL GRACE/GRACE-FO Mascon CRI Filtered
Release 06.3 version 04

Tellus Level-4 Greenland Mass Anomaly Time Series from |PL GRACE/GRACE-FO Mascon CRI Filtered
Release 06.3 version 04

GRACE/GRACE-FO Level-4 Monthly Gravitational-Rotational-Deformation version 01 from NASA
MEaSUREs HOMaGE

Tellus Level-4 Ocean Mass Anomaly Time Series from JPL GRACE/GRACE-FO Mascon CRI Filtered Release
06.3 version 04

JFL GRACE/GRACE-FO Gridded-AOD1B Water-Equivalent-Thickness Surface-Mass Anomaly RLOS.3 dataset
for Tellus Level-3 1.0-degree grid

JFL GRACE/GRACE-FO Gridded-AOD1B Water-Equivalent-Thickness Surface-Mass Anomaly RLOS.3 dataset

L__T_ll.._ 1 .1 ™ nc

—_——_—————hrC A __ ]

Found 144 matching dataset(s)

Start/Stop

2002-Apr-04 to
Frezent
2002-Apr-07 1o
Frezent

2002-Apr-01 to
Frezent

2002-Apr-16 ta
Frezent
2002-Apr-01 to
Frezent
2002-2pr-04 to

Fresent

2002-Apr-04 to

| ISR,

TAELE

Format

netC_DF-

ASC

ASCI

net_DF-

ASCI

neti_DF-
4

neti_DF-

A

\N \& N




Gravity Recovery and Climate Experiment (GRACE)

DATA

GFZ TELLUS GRACE Level-3 Monthly Land Water-Equivalent-Thickness Surface
Mass Anomaly Release 6.0 version 03 in netCDF/ASCII/GeoTIFF Formats

|PL TELLUS GRACE Level-3 Monthly Land Water-Equivalent-Thickness Surface
Mass Anomaly Release 6.0 version 03 in hatCDF/ASCII/GeoTIFF Formats

GRACE FIELD GEOPOTENTIAL COEFFICIENTS JPL RELEASE 6.0

3

£

2002-Apr-05
to 2017-Oct-
18

2002-Apr-04
to 201 /7-0ct-
18

2002-Apr-04
to 2017-Jun-

=

NETCDF

NETCDF

ASCII

Found 38 matching dataset(s)

TABLE LIST

Search Text

gy me——y

1 degrees 1 Month
(Latitude) x 1

degrees

(Longitude)

1 degrees 1 Month
(Latitude) x 1

degrees

(Longitude)

500 km (Along) x 1 Month
500 km (Across)



C

i@ podaac)pl.nasa.gov

HOME

FIND DATA

ACCESS DATA RESOURCES CLOUD DATA

Home » Dataset Discovery

JPLTELLUS GRACE-FO Leve

version 04

aa

-3 Monthly Land Water-Equivalent-Thickness Surface Mass Anomaly Release €

(TELLUS_GRFO_L3_JPL_RLOG.3_LND_v04)

(L} Information

Version
Processing Level
Start/Stop Date
Short Name
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This data set is produced by the Jet Propulsion Laboratory (JPL) as part of the GRACE-FO {Gravity
Recovery and Climate Expenment Follow-0On) program and derives the terrestnal water storage
anomaly given as eguivalent water thickness. These monthly grids are derived from GRACE-FO
time-variable gravity observations duning the specified timespan, and relative to the specified
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2017) and expands its legacy of scientific achievements in tracking earth surface mass changes.
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from RLO&.1 only in the Level-1B accelerometer transplant data that is used for the GF2 (GRACE-
FO 2) satellite; see respective -2 data descriptions. RL0G.3 uses the ACK2-L1B data products, all
GRACE-FO RLO&.3 Level-3 fields are fully compatible with the GRACE RLOS data.
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and is provided on 0.5-degree global gnds.

Interactive GRACE/GRACE-FO Data Browser

This data browser allows the interactive retrieval of GRACE &
GRACE-FO Land data over river basins, as well as the
evaluation of long-term trends and mean seasonal amplitudes.

GRACE Monthly Mass Grids - Land

Land water storage from GRACE is updated monthly, and is
provided on 1-degree global grids.

Global surface mass changes (land + ocean) updated monthly,
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Please check Data News and Updates for
announcements and important information.

Featured Resources

Static gravity field -
anomalies (1)

GRACE global gravity
animation

GRACE data over the
c:V{o P United States, 2003-2012

STk Mo G ha (ﬁ;i_"'f
= i o

1.5 ILand Watd ;.u,rai
f
20032013




” IGiGI Publications  Multimedia  Applications News&Events About O

L Miain il Arpimale ik | 0 - ae | 180

GLDAS-NOAH

s0il moisture
snow

Canopy water

GRACE Monthly Mass Grids - Ocean

Qcean bottom pressure from GRACE is updated monthly, and
is provided on 1-degree global grids.

GRACE Monthly Mass Grids - UT-CSR Global
Mascons

Global surface mass (land + ocean) from GRACE is updated
manthly. Please visit the UT-CSR mascon site for further
details.

GRACE Monthly Mass Grids - GSFC Global
Mascons

This is another GRACE solution using the mascaon approach
from the team at NASA-GSFC. For details, please visit the

GSFC-mascon site.

GLDAS Land Water Content (monthly)

A GRACE-independent forward simulation of monthly land
water storage changes (currently using soil moisture, snow,
and canopy water). Can be used for comparison and residual
groundwater studies.

ECCO Ocean Bottom Pressure (monthly)
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Groundwater depletion in the Middle East from GRACE with implications for transboundary water management in the

Tigris-Euphrates-Western Iran region

Katalyn A. Voss, James S. Famiglietti, MinHui Lo, Caroline de Linage, Matthew Rodell,and Sean C. Swenson
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€ 9 C # earthenginegooglecom

w Google Earth Engine

Home  Categories  Alldatasets  Alltags  Landsat ~ MODIS  Sentinel  Publisher ~ Community  APIDocs  Dataset status

A planetary-scale platnforrﬁ}for ,
Earth science data & analysis {R

Powered by Google's cloud infrastructure

| A, ‘ N

i‘ Aplanetary-scale 4 (

b Watch Video  _, p|atf0rm fOl' Earth \ | : ‘V " St
W sencedatal ¥ i

analysis - &TT; :

Earth Engine’s public data archive includes more than forty
yearsaof historical imagery and scientic datasets, updated
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. G‘OOQ'E Earth Engine Q, Search places and datasets... on

el Docs  Assets m Get Link vl Save . Run vl Reset vl Apps EI Inspector ¥V Tasks

(:) 1 Use print(...) to write to this
¢ console.
¥ Owner (5)

» users/mebehbahani1979/flood

Filter scripts...

Welcome to Earth Engine!

» users/mebehbahani1979/GeoAl ] _ Please use the help menu

» users/mebehbahani197.. [B) [ [ | above (@) to learn more

» users/mebehbahani1979/modis = - about how to use Earth

iusersfmebehbahaniﬂ??fse ] Engine, or visit our help
» Writer page for support. !
» Reader Z
» Archive ’
» Examples

OREGON ! d ; DAKOZA MICHIGAN :- HH'I
O ~vil 15 | | WYOMING b ' Map  Satelite
AN,.......... .. LA owa | mp A0
N Y _ NEBRASKA H-’E I.[mes,chmaigﬂ : ]
A ¢ e MM | PEN Yo r
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EMTUCK'I" "UIRGIMIA“

0San Francisco
CALIFORNIA™. o

;. R
DKLA.HEI'M!A cARULINA
ARKANSAS
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LosiAngelesd & {NEW MEXICO! S wississien .Gf,?gﬂ':m
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Scripts [l Jovocer OO0 38 NS O 0 ] oo PR s

B 06_landsat_classification?
& 07-andsat_canopy_cove
B 08_landsat_mangrove

B 09_landsat_global_forest
B 10_1_landsat_urban_fars
& 10_landsat_urban

B 11_landsat_water
k2010

B Dama

B GRACE

B PCA_Aster

B PDSI_INDEX
K | IntitledFile

™~
H9~vi

p 1 Sakaka

i

S Rafha

U= :-IJ:rEl_;.

* Imports (2 entries) B

¥ var table:
» var imageCollection:

1 Map.centerObject(table);

2 Map.addLayer(table);

3

4 [/ garce mascon cri

5

6 wvar grace = ee.ImageCollection{ NASA/GRACE/MASS GRIDS V@4/MASCON')
7 .filterBounds(table)

8 .filterDate('2818-81-81','2025-85-81")
9 .select('lwe thickness');
18
11

12 print(grace);

Nasiriyah
%40l L‘

Basrah faau)
ool S\
/)
Kuwait

Hafar Al Batin
ubL-Jl JrEs

Persian Gulf
{Arabian Gulf)

Table users/mebehbahanil979/MOND
ImageCollection NASA/GRACE/MASS GRIDS Ved/..

IDZarand

Rafsanjan,,

il

g

oSirjan

ul.:-_,u_»..u

Bandar ﬂuhhaﬂn
n...wlu-‘: a4

Ly

F Y

Kennan

oo

hﬂ|nah
Sotes

J|ruft
um

Use print(..

Band mean

. ) to write to this console.

¥ ImageCollection NASA/GRACE/MASS GRID.. 1s0M

[A
Band mean across images o
0
-10
-20 /
p— %
Layers Map Satellite
FA
LJd
Zahedan
Ul.’lﬂll_j
Khash
|7 B
cs
L Saravan
Hanshahr “Ulglh
samiil”




C & code.earthengine.google.com

g GODQ|E Earth Engine Q. grace monthly 0 = velntuguer Rt a
Soripts R wtor [
& 07-landsat_canopy_cove 4 on the map to inspect the layers.

B 08_landsat_mangrove GRACE Monthly Mass Grids Release 06 Version 04 - Ocean

B 09_landsat_global_forest
& 10_1_landsat_urban_fars
& 10_landsat_urban
B 11_landsat_water

GRACE Monthly Mass Grids - Ocean EOFR
GRACE Monthly Mass Grids Release 6.3 Version 4 - Global Mascons
GRACE Monthly Mass Grids Version 04 - Global Mascon (CRI Filtered)

k 2010 GRACE Monthly Mass Grids Release 06 Version 04 - Land
B Dama CHIRTS-daily: Climate Hazards Center InfraRed Temperature with Stations daily temperature data pro..
B GRACE
B PCA_Aster "
B PDSI_INDEX 1
B UntitledFile 12 print(grace);
B UntitledFile2 > 13 -
..... I-;l.'1| I.'..nJL"'--._ ‘:'l'j.is"'.'.'d-
o9 AV B ._—,Nﬂsimr‘lah AL Layers 7, Map Satellite
0, paali aran 1
Tt o —=rv g 200
oBasrah GE“L[ AN ’
. ﬂ";&‘_” ' g ] 'JQ oKerman [
S e i X
— diJanaal9 H
Lzl angs ”FHELT OShII’ﬂZ QSirian Zahedan,,

Kuwait b B Eer olial;




Search results matching "grace monthly"

GRACE Monthly Mass Grids Release 06 Version 04 - Ocean
NASA Jet Propulsion Laboratory
. GRACE Tellus Monthly Mass Grids provides monthly gravitational anomalies relative to a 2004-2010 time-mean baseline. The data contained in this dataset are u...

GRACE Monthly Mass Grids - Ocean EOFR
MNASA Jet Propulsion Laboratory
GRACE Tellus Monthly Mass Grids provides monthly gravitational anomalies relative to a 2004-2010 time-mean baseline. The data contained in this dataset are u...

GRACE Monthly Mass Grids Release 6.3 Version 4 - Global Mascons
MASA Jet Propulsion Laboratory
This dataset contains gridded monthly global water storage/height anomalies relative to a time-mean, derived from GRACE and GRACE-FO and processed at JPL usi...

GRACE Monthly Mass Grids Version 04 - Global Mascon (CRI Filtered)
MASA Jet Propulsion Laboratory
This dataset contains gridded monthly global water storage/height anomalies relative to a time-mean, derived from GRACE and GRACE-FO and processed at JPL usi...

| GRACE Monthly Mass Grids Release 06 Version 04 - Land
MASA Jet Propulsion Laboratory -

CLOSE OPEN IN CATALOG




GRACE Monthly Mass Grids Release 6.3 Version 4 - Gl...

Dataset Availability
2002-03-31700:00:00 -

Dataset Provider

MASA Jet Propulsion Laboratory
Collection Snippet |0

ee.ImageCollection("NASA/GRACE/MA
S55_GRIDS_Ve4 /MASCON™)

Ceaa avamnla

DESCRIPTION BANDS TERMS OF USE CITATIONS DOIS

This dataset contains gridded monthly global water storage/height anomalies relative to a
time-mean, derived from GRACE and GRACE-FO and processed at JPL using the Mascon
approach (RL06.3Mv04). These data are provided in a single data file in netCDF format, and
can be used for analysis for ocean, ice, and hydrology phenomena. The water storage/height
anomalies are given in equivalent water thickness units (cm). The solution provided here is
derived from solving for monthly gravity field variations in terms of geolocated spherical cap
mass concentration functions, rather than global spherical harmonic coefficients.
Additionally, realistic geophysical information is introduced during the solution inversion to
intrinsically remove correlated error. Thus, these Mascon grids do not need to be de-

correlated or smoothed, like traditional spherical harmonic gravity solutions.

The complete Mascon solution consists of 4,551 relatively independent estimates of surface
mass change that have been derived using an equal-area 3-degree grid of individual mascons.
It should be noted that this dataset does not correct for leakage errors across coastlines; it
is therefore recommended only for users who want to apply their own algorithm to separate

between land and ocean mass very near coastlines.



Search results matching "GLDAS"

GLDAS-2.1: Global Land Data Assimilation System

NASA GES DISC at NASA Goddard Space Flight Center
NASA Global Land Data Assimilation System Version 2 (GLDAS-2) has three components: GLDAS-2.0, GLDAS-2.1, and GLDAS-2.2. GLDAS-2.0is forced entirely with th...

Reprocessed GLDAS-2.0: Global Land Data Assimilation System
NASA GES DISC at NASA Goddard Space Flight Center
NASA Global Land Data Assimilation System Version 2 (GLDAS-2) has three components: GLDAS-2.0, GLDAS-2.1, and GLDAS-2.2. GLDAS-2.0is forced entirely with th...

GLDAS-2.2: Global Land Data Assimilation System

NASA GES DISC at NASA Goddard Earth Sciences Data and Information Services Center
NASA Global Land Data Assimilation System Version 2 (GLDAS-2) has three components: GLDAS-2.0, GLDAS-2.1, and GLDAS-2.2. GLDAS-2.0is forced entirely with th...

o~z OPEN IN CATALOG




Earth Engine Data Catalog C¢ Search / &) English ~

4 Al-generated Key Takeaways g

Dataset Availability Cadence
2003-01-01TO3:00:002—-2025-06-30T00:00:002 1 Day
Dataset Provider Tags
NASA GES DISC at NASA Goddard Earth Sciences 2 . . . . oo
F-hourly climate cryosphere evaporation forcing geophysical gldas humidity
Data and Information Services Center
|das nasa precipitation pressure radiation =oil zoil-moisture surface
Earth Engine Snippet
ee.ImageCollection( "NASA/GLDAS/VB22/CLSM/G temperature Water-vapor wind
825/pAa10") [A
Description Bands Image Properties Terms of Use Citations
Pixel Size
27830 meters
Bands
Name Units Min Max Pixel Size Description
ACond_tavg mJ's 0.000379% 599291+ meters Aeradynamic conductance
AvgSurfT_tavg K 179.5158# 324 265% meters Average surface skin temperature
CanopInt_tavag ko/m*Z 0* 1.57295* meters Plant canopy surface water
ECanop_tavg ko/m*2/s -0.021881*% 5.3e-05* meters Canopy water evaporation
ESoil_tavg ko/m*2/s -0.003637* 0.001172* meters Direct evaporation from bare soil

developers.google.com uses cookies from Google to deliver and enhance the quality of its services and to analyze traffic. Learn more.




Monthly Water Storage Change (GRACE/GRACE-FO)
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Monthly Water Storage Change (GRACE/GRACE-FO)
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ATWS = AGW + ASM + ASWE + ASW
AGW = ATWS - ASM - ASWE - ASW

GRACE skosls il oo of ¢

0335 o1 0yu5S yuuts = AGW
SL cugb yii = ASM

By ol Joleo i = ASWE

sl | 0 yu>d yuuti = ASW
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cO £ delta GW monitoring.ipynb ¥
File Edit

Q, Commands

i

iy

3

-

|
[

View Insert Runtime Tools Help

4+ Code = <+ Text | P Runall =

ul
=

Vo (O P Lo - I
1 TN P TR e APRETRTIR Fid RTT-NieT ]
S FE o0 ?‘_.- oo Lt A el

o

#Fl, Laaileglid oyl df)ly g cual
!pip install earthengine-apl

Ipip install geemap==08.15.8 --quiet
import ee

import geemap

import geopandas as gpd

import pandas as pd

impart os

import time

import matpletlib.pyplot as plt

# 2. 441yl gao)laia g agps iyl Earth Engine
ge.Authenticate()
ee.Initialize(project=".....c.cvvunnn”)

# 3. 4 Jledl Google Drive
from google.colab import drive
drive.mount{"/content/drive')

# 4 aallbs agpa aanld dayas 3 Jols wad syl 850y (ROI)

shapefile path = '/fcontent/drive/MyDrive/basin/khalij.shp'
# 4 o WGSB4

gdf = gpd.read_file(shapefile_path).tc_crs{epsg=4326)

# afx.0 4 Joaud Earth Engine

rol = geemap.geopandas_to_ee{gdf)

Show hidden output

B ® & sme

Connecting =

Gemini :

Hello, Mohammad Ebrahim

How can | help you today?

(Hnw can | install Python Iibraries?)

(Lnad data from Google Driv&)

(Shuw an example of training a simple ML mndel)

M



cO & delta GW monitoring.ipynb ¥ & B & 2 share Q

File Edit View Insert Runtime Tools Help

Q Commands + Code = + Text P Runall ~ Connect ~ A

X

Gemini

ey o e g 1l GRACE

# 5. 031y 4sgama 53! 18 GRACE
<> grace = ee.ImageCollection( 'NASA/GRACE/MASS_GRIDS/LAND') \
.filterBounds(roi) \
.filterDate( ' 2885-81-81", '2824-12-31")
.select('lwe_thickness_csr') # aimw 450 oliis!

g

Hello, Mohammad Ebrahim

How can | help you today?

O

# 6. jopad pa sl pole of celad a€ilase gl aTel gl gl dapal
def extract mean(img):
stat = img.reduceRegion(
reducer=ee.Reducer.mean(),
geometry=roi.geometry(),
scale=100068, # ;35 pliis (180 km)
maxPixels=1e13

) 4
I
|

'(Explain the Keyboardinterrupt in the last cell}

'iShow how to use the 'roi’ object in Earth Engine}

Load another dataset for camparisanﬁ"

return img.set('date’', img.date().format()).set{ 'mean_lwe csr', stat.get('lwe thickne M vy
# 7. 3oglald dcgana ga) 3o gl pidul aold Jlael
grace timeseries = grace.map(extract_mesan)
# 8. poyd Lioa o la) g Jouss
dates = grace timeseries.aggregate array( 'date’).getInfo()
values = grace timeseries.aggregate array( 'mean_lwe csr').getInfo() ( hNhat can | help you build? ® B J

grace df = pd.DataFrame(

{3} variables [3 Terminal o



cO & delta GW monitoring.ipynb ¥ &

File Edit View Insert Runtime Tools Help

Q, Commands

[1]

<>

4+ Code ~ 4+ Text P Runall ~

Map.add_basemap('HYBRID') # OSM _sS;5 435 5 sleylenla slaady Lo

# 4833 golas
Map

Lol gy Ol pusd gailisy Jle) o FLDAS

[]

U

FYy vapeisklaes

[ |

#oopusd adsy jias
output_folder = '/content/drive/MyDrive/Runoff FLDAS'
os.makedirs(output_folder, exist_ok=True)

# olbslyy sleeala syl A8 FLDAS

fldas_runoff = (ee.ImageCollection( "NASA/FLDAS/NOAHE1/C/GL/M/vea1")
.filterDate('2885-81-81", "2824-12-31")
.select('Qs_tavg'))

# ;B3 2320 adhig

shapefile path = '/content/drive/MyDrive/marz/marz.shp’
gdf = gpd.read file(shapefile path).to crs{epsg=4328)
roi = geemap.geopandas to_ee(gdf)

# aolalo olile) gl yaiel aals

def extract_runoff_monthly(img):
date = ee.Date(img.get( system:time_start’))
month = date.format( 'MM")

Tarrminal o

= iE? 2 Share Q

Connect -

Gemini : X

Hello, Mohammad Ebrahim

How can | help you today?

{:Explain the Keyboardinterrupt in the last cell}

{Show how to use the 'roi' object in Earth Engine}

'{ Load another dataset for camparisan}

[ What can | help you build? ® B J




cO & delta GW monitoring.ipynb % &

File Edit View Insert Runtime Tools Help

Q Commands + Code ~ <+ Text P Runall ~

[]

<>

&

[]

U

{3 variables

#oopudd adgy prueo
output_folder = "/content/drive/MyDrive/SoilMoisture FLDAS'
os.makedirs(output_folder, exist ok=True)

Lot st 58l cuphy Al o ow FLDAS

# Sl cashy slesalo g1 iS00 FLDAS

fldas_soil = (ee.ImageCollection("NASA/FLDAS/NOAHB1/C/GL/M/VeB1")
.filterDate( 2085-81-81", '2824-12-31")
.select(]

'SoilMoil® 4Bcm tavg',

'SoilMoidd 188cm tavg®,

'SoilMoilee 288cm tavg'
D)

# 4B5 3320 adhis

shapefile_path = '/content/drive/MyDrive/marz/marz.shp’
gdf = gpd.read_file(shapefile_path).to_crs(epsg=4326)
rol = geemap.geopandas_to_ee(gdf)

# idlals Sls aghy 21 323wl asl3

def extract_soilmoisture layers({img):
date = ee.Date(img.get( system:time_start'))
month = date.format('MM")

G2 Terminal

E iE} 2 Share Q

Connect -~

X

Gemini

Hello, Mohammad Ebrahim

How can | help you today?

'(Explain the Keyboardinterrupt in the last cellj;

'iShow how to use the 'roi' object in Earth Engine}

'( Load another dataset for camparisan}

( What can | help you build? ® B J




cO & delta GW monitoring.ipynb ¥ &

File Edit View Insert Runtime Tools Help

Q Commands <+ Code = <+ Text D Runall =

[]

{> [1
(O

|

{3} Variables

[ = A T

plt.show()

Lol alpmsd G Jdee O 3l e FLDAS

# 40132 1828 30 » a3l d_L-II_g_TI_}_l._uI_aI
output_folder = °/content/drive/MyDrive/SWE_FLDAS'
os.makedirs(output folder, exist ok=True)

# 1. G0 Jolee ol gleeala ¢y 1500 (SWE) 31 FLDAS

fldas_swe = (ee.ImageCollection("NASA/FLDAS/NOAH®1/C/GL/M/VB@1")
.filterDate('20@5-081-81", '2024-12-31") # _Sla) ojlo
.select('SWE_inst')) # .olo olaisl SWE inst Gy Jolse of s o

# 2. lesalz glaeiwl gl 3y 3B5 2320 dihis

shapefile_path = '/content/drive/MyDrive/marz/marz.shp’ # wud Jols jaus
gdf = gpd.read_file(shapefile path).to_crs{epsg=4326) # +. | .17 WGS84
roi = geemap.geopandas to ee(gdf) # ;2 383 2.0 aikis &y a5 GEE

# 3. aslals Gy Joles of gl ysial aals

def extract swe fldas(img):
date = ee.Date(img.get( system:time_start’))
month = date.format('MM")
year = date.format{ "YYYY")

stats = img.reduceRegion(
reducer=ee.Reducer.mean(),

B3 Terminal o

E iE} 2 Share .

Connect = =~

X

Gemini

Hello, Mohammad Ebrahim

How can | help you today?

(Explain the Keyboardinterrupt in the last cell)

Cshnw how to use the 'roi’ object in Earth Engine)

CLc-ad another dataset for cnmparisnn)

( What can | help you build? > J
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Table 1. Results of modeling accuracy of four machine learning methods.

Models R RMSE (mm) MAE (mm) NSE
RF 53.75 38.97 0.68

SVR 6! 44.83 0.57
ANN 55. 41.23 0.66
MLR 59.¢ 44.84 0.61
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