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Health Data?
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Figure 1. Global distribution of the 150 most populated metropolitan locations.
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Figure 2. Changes in EHE (A) and EPE (B) exposed populations during the last four decades.
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Can we minimize irrigation water application based on
weather forecasts without affecting the yield?

Optimization Model
Objective: Minimize Water use

Weather Rainfall = , _
e Decision Variable: Irrigation
Forecasts Distribution o
Water Application
1000 Rainfall Scenarios ‘
given Forecasts

Optimized

‘ Irrigation Water
Farm Scale Hydrologic to be applied
Model ™ —
Real-time Soil :
Moisture
Constraint:
P(Root Zone Soil Mositure <= Water
Photo (field) Credits: hitp: / /news.mit.edu /2017 /design-cuts-costs-energy-drip-irrigation-0420 Sh‘ess Th r95h0|d):a (Say 095)

and https: / /researchmatters.in /news /better-soil-moisture-sensors-using-graphene-oxide
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Farmer’s method

Soil properties:
1. Root Depth (Z,)
2. Soil Water

Field/Crop Specific
Information
1. Root width (w)

Assumptions:
1 ha area (100m x 100m)
Initial soil moisture =0
Target soil moisture level = s,

/\_’/

Retention Capacity 2. Distance between 2
(SWR) rows of crops (d;qy)
/ Calculation of Irrigation
d Tank calculation
Allowable depletion wlrr)
percentage (maximum v
allowable depletion
before plant starts Total water needed to
going under stress) bring the soil to Field
Capacity for 1 ha field

Formula: (100m/d,,) *
(Z,*w*100m)* SWR

Volume of

Replenish Tank

Calculation
(Volgr)

Amount of water for a
single irrigation
application

Shade Area
percentage

y

Formula: 0.012*Shade
percentage + 0.072

Daily Crop PET
(ETmax) calculation
(Rate of loss of
soil water)

v

Crop coefficient

(Ko)

PET (daily)
or ETo

Formula: RT/ETmax

Irrigation frequency

(interval) estimation




Past 10 years
daily rainfall data

Short range
Weather Forecast
Information

Convert to
daily scale

Static Data

Developed Model

Soil moisture
levels

*
S 4 51s Sfer Sw

Generation of 1000 uniform

! Rainfall |

- Radiation
- Humidity

- pressure

- wind velocity

- Min and Max temperature,

Soil properties
n Z, K,

[ET: Leakage

and Runoff
loss model

random numbers for each
day within forecast range
-stochastic description of
rainfall given the forecast

Daily PET (estimated
by FAO 56 Penmann
Monteith equation)

Next day soil
water loss

This method will
iterate for the
number of days for
which weather
forecast is
provided (1/3/5/7
days)

4 A
Initial Soil
Moisture Level
Hydrological
Model Imitial
~ Expected Mode Next day soil Condition for
rainfall value for mois “'1 re the next day
the next day
Integrated
Optimum Irrigation, together
for the next day Soil Moisture
Balance
Optimization
Algorithm: Bbjective function?
Constraint based : e Conetra; ~OE o
. . Chance-Constraint minimize I(t) - from Soil
on Soil moisture threshold Method X
#): 059 1 il ‘ Moisture Balance
(s*): 95% probability of t‘
S(t+1) >=s* equation
\ J

minimize Y, I,
Subject to:
P(siyi25)2a

0< It+i < Imax
Sps Smean(syy;) <1

VteT,, (=123 N,
VteT,, i=123.. N,
VteT,,, i=123..N.

[T A

Roy et al. (2019), Patent filed



Results
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Figure 9. Change in Minimization of Irrigation Water Use for varied Reliability Factor during (a)

Kharif Season and (b) Rabi Season. Change in Relative Yield for varied Reliability Factor during (c)

Kharif Season and (d) Rabi Seasons. All the 3 Cases of Irrigation (Case A, B and C) are presented
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Figure 1. Social vulnerability computed through a robust data envelopment analysis (DEA) framework for the census years 2001 (a)
and 2011 (b) distict level demographic data, where the DEA value close to one represents the districts whichare moresocially
vnerable. The inset Piecharts represent the distribution of the vulnerablity values. (c) shows the changes in social vulnerability
between two decades. We note that almost 76% of the total dstricts exhibit negative changes in social vulnerability.



