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Using RS, various methods have been developed
to estimate crop yield, which allows the
comparison of yield values in different pixels and
also in one pixel in different growth periods.

If the same crop is grown on different pixels or if
the same crop is grown in one pixel in different
growth periods, the difference in the amount of
yield can be considered as a yield gap caused
by different factors.

By identifying these reducing factors and if
measures are taken to mitigate them, the
amount of yield gap that can be closed is called
the scope of improvement.

An strategy along with food security can be
based on estimating this scope of
improvement and setting a sort of best
practices to achieve it.



Determination of the scope of improvement after harvest (Zwart et al., 2010) can provides useful information about
agricultural fields indicating that in which area best practices must be focused to close the yield gap for the next

Season.

It will be more desirable if these area can be recognized before harvest in an early time, when it is still possible to
mitigate the gap by implementing quick actions such as supplementary irrigation (if the reduction factor refers back

to lack of water) and agricultural inputs.

Before harvest —l l—

Detection of noncompliance pixels — Why productivity is low in these pixel ? — How it can be improved?

\

After harvest

Easy and quick observation of any sign that can provide on-time
information on occurrence of yield gap before harvest can be an
utmost important for production systems.


https://www-sciencedirect-com.fao.idm.oclc.org/science/article/pii/S0378377420321582?via%3Dihub#bib79

The sensitivity of wheat in the anthesis stage
to factors such as water stress has been
investigated before (Huang et al., 2015 and
Singh and Malik, 1983) Idea

A

This research used the anthesis stage of the
rain-fed wheat as a pre-harvest stages to
detect an early and easy sign using remote
sensing to predict relatively high-productive
and low-productive pixels. Assumption

A 4

It was investigated if ET in a wheat pixel in the anthesis stage is less than the ET with the highest frequency in a
plain (with a uniform climate), then it is a sign of a relative yield gap. In another word, if ET in the anthesis stage
is less than a threshold value then the yield gap can be expected.



https://www-sciencedirect-com.fao.idm.oclc.org/science/article/pii/S0378377420321582?via%3Dihub#bib30
https://www-sciencedirect-com.fao.idm.oclc.org/science/article/pii/S0378377420321582?via%3Dihub#bib66

Steps and Methods

Steps Methods Verification

The attepnt in this research was on proceedeing all
the steps using remote sensing

Elimination process of non-
wheat pixels
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 Wheat area mapping Surveyed plots & Census data

Eagleman-Affholder method
MOD16A2 products
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« Estimation of ETa at the anthesis stage SEBAL algorithm

Iranian National Water Document
Wheat water requirement
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* Determination of ET threshold value Frequency analysis

v

* Recognition of high and low-productive pixels — Classification
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The LUE model Provincial census data
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» Estimation of yield values

Subtracting mean yield v
values in the two classes

v
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» Determination of yield gap if Yield;p < Yieldyp ?



Steps and Methods Wheat area mapping
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Landsat 8 :
Rainfall & Available water capacity * The 250 m rainfed wheat map is used to train supervised classification models
(ML methods) on a Landsat 8 images. The output of the classification contains
LUE D DM = APAR. ¢ all possible 30 m pixels that can be considered as wheat pixel knowing that
there are impurities. To remove these impurities, NDVI is calculated on 3
Yield Absorbed Photosynthetically Active Landsat 8 images in descending arm of the wheat NDVI time series. For all the
Radiation

detected 30 m pixels the descending trend of NDVI is tested and violating pixels
Light use efficiency are removed to achieve the pure 30 m wheat map.



Wheat area mapping algorithm
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Wheat area mapping algorithm using MODIS images (250-meter spatial resolution)
Create of supervised wheat NDVI time series using MODIS images

Choose an arbitrary C value to calculate NDVI upper and lower limits for each g

Eliminate pixels from the first image (wheat jointing stage) if their NDVI values
are not between the determined upper and lower limits for that day

Eliminate pixels from the next image if their NDVI values are not between the
determined upper and lower limits for that day and eliminate the pixels which
have been deleted in the previous step

Continue the eliminating process of pixels that do not follow the wheat NDVI
time series until the end day (a day after harvest but before the next planting)

Calculate F1 score, Overall accuracy and Kappa coefficient

Accept the C value and the output map as the wheat area map if the statistics are

in a reliable range. Otherwise change the C value and repeat the steps
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‘Wheat area mapping algorithm using Landsat 8 images (30-meter spatial resolution)

Separate pastures from the
wheat area map obtained by
MODIS images to produce
supervised wheat areas in
the Google Earth platform

Pastures
MODIS pixel:

Fields

Map wheat areas on a non-cloudy Landsat 8 image (all the bands except of band 8)
using supervised classification methods (ANN, ML, and SVM)

Combine all the three maps obtained by supervised classification methods to have all
the pixels that are probably wheat pixels

Check the NDVT values for each pixel in the combined map. Since the NDVI time
series in all the classified wheat pixels must have the same trend (an increasing or a
decreasing trend), those pixels that don't obey the trend in the combined map are
deleted to achieve the final wheat area map.

Recognition of high and low-productive

Supervised
wheat fields

Remote sensing of wheat
NDVTI time series

SEBAL algorithm
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Wheat area mapping
algorithm using
MODIS images

Remote sensing of wheat
actual evapotranspiration
(ET,) using MODIS
images

¥

Assessment of the
mapping algorithm
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Assessment of estimated
ET, values

¥

Improved algorithm for
wheat area mapping using
Landsat 8 images

Frequency analysis of
ET, values in wheat
anthesis stage
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Assessment of the
improved mapping
algorithm
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Threshold value for ET,

SEBAL
algorithm

Remote sensing of wheat

ET, using Landsat images |
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Monteith theory

Light use efficiency
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Spatial wheat yield values
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Assessment of the determined ET,

threshold value in 2010 by INWD
and determination of the lowest

limit of the wheat ET, range with
the highest frequency in 2015.
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Classification of wheat fields into
high-productive and low-productive
classes using the determined ET,
threshold value
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Assessment of estimated
yield values
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Assessment of classification
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Results
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Overall

accuracy

30 m map 92

Kappa

coefficient

0.68

Total wheat area in 2015 were 37,745 ha in the 30-m
resolution map showed 20% difference in comparison
with censuses data

F1

sScore

0.77

NDVI values in 3 landsat
images corresponding to
descending arm of the
wheat NDVI time series
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Mean of the yield During the growing season by LUE Provincial agricultural ~ Absolute
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