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* Local to global coverage

* Frequent monitoring for timely
decision-making

* Multi-spectral imaging reveals
vegetation health, soil characteristics,

and water content

 Remote accessibility allows for data

Evolution of agricultural operations in the Wadi As-Sirhan

retrleval from any Where Basin, Saudi Arabia. Captured by Landsat satellites 4, 5, and 7
in 1987, 1991, 2000, and 2012. Image Credit: NASA

 (Cost-effective alternative to traditional

data collection methods
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Crop Monitoring Crop Forecasting

Phenology, crop area, crop type, crop Accurate forecasting of yield or shortfalls
condition, yield, irrigated landscape, flood, 1n crop fm‘ductlon and food supply per
(}ﬁg}lght «frost, accurate and timely region and=country c Seasonal

ieporting of agtféiftlral statistiess Forccast

\ Crﬂp Modeling and Data

sl chesrvalions Assimilation Framework

for Yield Estimation and
Forecast
Agoricalture SMART
GPM -
Vegetation Attribute
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MODIS
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Why use satellite remote sensing for agriculture applications?
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Irrigation Scheduling

: Evaporative Demand

Facilitates the detection, quantification, and
scheduling of irrigation by providing real-time
data on soil moisture levels and vegetation health

across large agricultural areas. P o sr—
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Dynamic crop models

- Processes and equations

- Crop growth and development

- Water stress functions

- Water stress effects on growth and development:
L]

- Predictions

Atmospheric
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Stomatal response to water stress

Stomatal conductance (g,)
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Scientific products

Satellite Sensor Tand aurface Evapotranspiration Land enriace Precipitation |Soil Moisture srgctaton Structure
reflectance temperature greenness
Terra MODIS X X X X
Aqua MODIS X X % %
Suomi-NPP VIIRS X % X
NOAA-20 VIIRS X X X
Landsat 8 OLI X x
Sentinel 2 MSI X X
Landsat 8 & HLS X X
Intellnatmnal Space ECOSTRESS X
Station
Lan.d [.}ata. Modeled output % X
Assimilation
N GMI, DPR X
Precipitation
CHIRPS Multiple X
S"”% Mms@e L-band radar X
Active Passive
Sentinel 1 C-band radar X

Click on the link below for a comprehensive list of NASA satellites and sensors for
agricultural applications: https://appliedsciences.nasa.gov/sites/default/files/2021-
05/NASA Satellite Instruments Relevant for Agricultural Applications.pdf



https://appliedsciences.nasa.gov/sites/default/files/2021-05/NASA_Satellite_Instruments_Relevant_for_Agricultural_Applications.pdf
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What is soil moisture? _ Soil moisture and Water Cycle

o
] \

Solar

- Imagine a container of soil :
- After rain or irrigation, the pores in:
soil fill up with water :

(e~ ANGE
e solLs

. Riverg 3~
- Maximum amount of water that = o / e~
. . . : — 5 RAINFED YSEiNSiy
this soil can ever hold : ke SROP s“.;im‘?:/ S
- Super saturated or waterlogged : Y s
IE le of soil = : e, Ly A e
sampie O1 SO . L= CROP SOILS Y~ ?" b

- Not all the water will drain Large
amount of 1t will stay in the soil in :
the pore spaces :

Precipitation

Collection

— Soil moisture refers to
wesmreozovel the amount of water All water cycle
.................................. water table stored in the variables are
V unsaturated soil zone. highly related to
~ Tatyky RO soil moisture
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Ground-based measurements

|44

* Sensor measures the soil water content by
transmitting and receiving back reflected.
Time of travel and phase change caused by
dielectric constant is directly linked to SM
content.

Infiltration
ETg = /S, ET, l Runoff (OUTPUT)
—_— =cp[ S, )

MAX

SOIL Que  Subsurface

l Soil water content
Percolation Sr+d.r = S: + Ir = EI - R(ﬂ)mc.r i R[ﬁ”r

Hydrological and Land Surface Model

Surface energy fluxes Biosgeochemical eyclos

Water and fluxes equations

Accuracy depends upon model employed and
quality of meteorological observations
Limitations: Assumption made for
understanding complex processes, human
induced changes not modeled




Method for Measuring Soil Moisture
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Ground-based measurements

Advanced Microwave Scanning Radiometer
-Earth Observing System (AMSR-E)
Launch : Apr. 2002
Center frequencies (6.92 ~ 10.65 GHz)
Ascending : 13:30 / Descending : 01:30

Soil Moisture Active Passive (SMAP)
Launch : Feb. 2015
Center frequencies (1.41 GHz)
Ascending : 06:00
Descending : 18:00

Advanced Scatterometer (ASCAT)
Launch : Oct. 2006
Center frequencies (5.255 GHz)
Ascending : 21:30 / Descending : 09:30

Soil Moisture Ocean Salinity (SMOS)
Launch : Feb. 2009
Center frequencies (1.41 GHz)
Ascending : 06:00
Descending : 18:00

RS FEHEHS

Advanced Microwave Scanning Radiometer 2 (AMSR?2)
Launch : May. 2012
Center frequencies (6.92~10.7 GHz)
Ascending : 13:30 / Descending : 01:30

Fengyun-3B (FY-3B)
Launch : May. 2012
Center frequencies (10.65 and 36.5 GHz)
Ascending : 13:40 / Descending : 01:40




(WM

MethOd fOl‘ MeaSlll‘iIlg SOil MOiStlll‘e International Water

Management Institute

ASCAT (MetOp-A) from April to May AMSR2 (GCOM-W1) from April to Ma

Sall Moistura{m3m3) Saoll Molstura{mlm3)

MWRI (FY-3B) from April to May
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L Water is essential for all aspects of human life, especially for agricultural production as irrigation

Q) Irrigation critical human alteration to natural land surface processes that modifies energy and water balance
O Currently available land surface models do not incorporate irrigation formulation

O Spatiotemporal continuous observations of the earth by satellite remote sensing potentially capture

irrigation.
20 0
18 » - -. - Modelling (climate/hydrology) 10 | » =y
— 16 \'{ \%J w O Satellite observations 20 U/'
Q14 - we 1 Irrigation -3 T i 4l
L1 “HeP L a0 E =
— e — ) L]
% 10 W % 50 & = ‘ \ :
7] A © ' ' A
2 g 60 &
E M O % ‘ ? i i
= 51 @ Iriivé‘: & - 70 £ At
(ﬂ 4 — \ . - O [~ 80 EL“HLM L] =T
2 ~0- . _ ° 90 IRRIGATION WATER 2 1_
0 —==-9 100 FROM SATELLITE ; -
20/9 22/9 24/9 26/9 28/9 30/9 2/10 SOIL MOISTURE

Imperfect model simulations and strength of satellite
observations utilized to detect irrigated areas




Application — Irrigation (Global scale analysis)
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Assumption Demonstration
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Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE  Evaluating the patterns of spatiotemporal trends of root zone

b soil moisture in major climate regions in East Asia
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2.3 Application — Drought (A case study in Australia)
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Different climate zone area
in Percentage of study
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Climate Zone

Temperate (dry summer)
Y - Temperate (non-dry summer)

120 E 130° E 140° E 150° E

Based on soil moisture characteristics

6 — 6
EAWE

SWDI = * 10

Gawe = Eff = Ewp

® 1s soil moisture content (m3/m?3)
O 1s SM at field capacity (m3/m?3)
Oy, 18 SM at wilting point (m3/m?3)
0, 1s available water content (m3/m?3)

Jovomal of Arkd Eovvirosments 16T (301%) 43-55

Contents Hsts available at Scaencelirect

Journal of Arid Environments

journal homepage: www elsevier comfocateljarideny

Agricultural drought assessment based on multiple soil moisture products
Jongjin Baik®, Muhammad Zohaib", Ungtae Kim®, Muhammad Aadil”, Minha Choi™*
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Application — Irrigation scheduling (District Level - Pakistan)
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Monday Wednesday Friday

Oh the soil is too dry -

Okay, no need to water today quick, add some water

time to irrigate

L
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Soil Moisture Sensor

<

CGIAR

—

N

Chameleon Soil

Moisture Sensor
is used to monitor the moisture
levels within the root zone at
different depths.Valuable data is
then utilized to efficiently meet
irrigation demands, and soil
moisture depletion in the root
zone.

Thread wire
through conduit
and push

Wet soil 0.5 kQ <Res <4 kQ

Compact soil into
hole with dowel

Moist soil 4 k() < Res < 40 kQ

Dry soil 40 kO < Res < 4000 kO

High salt warning 0.2kQ <Res < 0.5k0

Very dry soil Res > 4000 kQ

Sensor wire is shorted | Res < 0.2k
or disconnected Res > 8000 kQ

Depth Suggestion :
10-60.cm *

28°20'0"N 28°45'0"N 29°10'0"N

27°55'0"N
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Sensor Locations: SMS and WFD bkl %%
_ Management Institute CGIAR
Soil Moisture Sensor and A 5
Wetting Front Detector w | &
- O
Sensor Sites N
[ [}
Bl Card Reader
A& Wifi Reader
& SMS Wifi Reader and WFD
Z
=
[
&
SMS Wifi Card
Reader and Reader, 7
WFD, 9
Z
=
&
[+.8]
!; Wit l](.;ader. o
Z
4 m IWMI - RYK Office - i
—— River Line 8
=== Railway Track
[ ] Tehsil - Rahim Yar Khan
M L [ lKilometers
|C_J Rahim Yar Khan Boundary 0 125 25 50 75 100
) 1 1 ) ) 1
69°20'0"E 69°40'0"E 70°0'0"E 70°20'0"E 70°40'0"E 71°0'0"E
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Field Installation Plans

* Consideration for field selection:
*  Spatial Extent
*  Cropping pattern
*  Security of sensor
*  Availability of Wi-Fi

* Sensors installed at 3 depths (Wheat 15, 30, 40 and
sugarcane 20, 40, and 60)

* Divide land in two farms — traditional irrigation

practices vs VIA soil moisture sensor-based irrigation
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Numbers of farms Chameleon WIFI Full Stop WFD

B B O O] B

Smallholding Corporate Government Large holding / Flux Tower
Farmers Farmers Farms Progressive Farmers site
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The state-of-the-art sensors provide real-time data on soil moisture, enabling precise irrigation management and I 00 = farmers are
water conservation efforts. By accurately measuring soil moisture, the Chameleon sensors help farmers optimize
[ [
using this approach

water usage, improve crop yields, and minimize water waste, promoting sustainable agricultural practices in Okara.

- T

b Lo

EC/ TDS and NO; and NO;
Farmer Name: Shehtez Al Qualen OfS3
Crop: ’J‘ )‘\r. o !’
L
Date | Irrigation | Fertilizer |  EC(ds/m) NOs (mg/l) | NO; (-+,++)
time Type
and
4
P‘& “cfe amount
hrs-min | Kg/acre | Deeper | Shallow | Deeper | Shallow | Deeper | Shallow
depth depth | depth depth depth depth
(Red) (Yellow) | (Red) (Yellow) | (Red) | (Yellow) |
et s st ‘
23
Ulea

AL e
7L

Soles [0eis
12- | =

(U S| i 122 J
23 Sop 1Sk |
|

S N

Irrigation Bay: Zahid Sharif Mahar

Crop: Wheat, Planting date: 2 Nowv 22, Sensor: Zahid Sharif Mahar

R

Resistancs data

isualisatkon Lo o |m
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* Before installation, 5-6, 18-20, and 9-10 irrigations

for wheat, cotton, and sugarcane, respectively.

e After installation, these numbers decreased to 4-5,
15-18, and 8-9, showcasing a substantial decrease in

water consumption.
30

o]
(@)

27 %

M
o

—
o

Irrigation Cost Saving (%)
o

&)

D .

Wheat Cotton Maize
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Advancements in Satellite Technology Integration with Al and Machine  Deployment of Low-Cost Sensors
High spatial, temporal and spectral Learning Empowering smallholder farmers
resolution Accurate and Automated analysis with actionable insights

Fusion with IoT and Big Data Emerging Technologies
Analytics Hyperspectral imaging, UAVs, and ground-
Facilitate real-time monitoring and  penetrating radar (GPR) - unlock new capabilities
decision-making for precise and non-invasive measurement



(WM

International Water
Management Institute



