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Assessing the stability of agriculture in the Herat province of Afghanistan using MODIS
NDVI imagery

OTarig MOSAWEE?, Masahiro TASUMI*

Abstract: Herat province of Afghanistan is in an arid to semi-arid climatic region, and water resources limit agricultural production.

Neither detailed information on farming practices nor water resource information is easily accessible to the area, making strategic
agricultural and water management difficult. We aimed to illustrate the crop production status and impact of precipitation using
satellite-based vegetation data with ground-based precipitation records. Regression analysis between vegetation intensity and
precipitation from 2015 to 2021 indicated that precipitation from October to April dominated wheat and barley production in the
study area. Spatial analysis revealed that the impact of precipitation varied by location, where non-irrigated fields upstream are
more sensitive to drought. The method of analysis used in this study is applicable to other regions having similar limitation on in-

situ data.

Keywords: Afghanistan; Herat; NDVI; MODIS; Remote sensing; Water management.

1. Introduction

Afghanistan is an agricultural country with a land
area of approximately 652,864 km?. Water is the
lifeblood of its inhabitants, enabling life and providing
the base for the economy (Akhter, 2017). Afghanistan
is located in a semi-arid climate with scarce rainfall,
with the rainy season from October to April (Qureshi,
2002).

Better management of agriculture and livestock
and sustaining ecological conservation are required to
ensure sustainable livelihood development in
Afghanistan. Therefore improvements in agricultural
water management are essential for this purpose.
However, more data in agriculture and meteorology
are needed to ensure strategic planning and
management of water.

Satellite imagery has become a promising
alternative data source for large-scale mapping and
monitoring  of  croplands. The  vegetation,
meteorological, and water data are available even in
regions where in-situ data is limited (Tasumi et al.,
2014; Wali et al., 2019). We investigated the effect of
precipitation on agricultural crop production in the
Herat province in Afghanistan during the growing
seasons of 2015-2021. We used the Normalized
Difference Vegetation Index (NDVI) obtained from
the Moderate-resolution Imaging Spectroradiometer
(MODIS) from Terra satellite (MOD13Q1; Didan and
Munoz, 2019), for monitoring vegetation status with
250m spatial resolution along with ground-measured
precipitation data. Our results would contribute to a
better understanding of regional agricultural practices,

1 University of Miyazaki (1-1, Gakuen Kibanadai-Nishi, Miyazaki

889-2192, Japan; E-mail: mosaweetarig@gmail.com)

and the locations of agricultural fields that are
sensitive to precipitation conditions such as drought.
This information will help in strategic planning for
sustainable crop production and water management in
the region.

2. Materials and Methods

2.1. Study area

We conducted this study in a primarily agricultural
area in Herat Province, located in the western part of
Afghanistan (Figure 1). The latitude and the longitude
of the study area are 34° 31' North and 62° 22' East,
and the province shares 54,800 km? of land area. The
province has an arid to semi-arid climate characterized
by strong winds during the summer (Ganji and Kajisa,
2019). The elevation varies from 490 m in the
northwest to 3,804 m in the eastern mountain. The
mean annual precipitation is approximately 230 mm
(Igbal et al., 2018), and it is in a decrement trend in
recent years (Rahimi and Nazarian, 2022). The major
land cover types in the study area include bare lands
(43.6%), rangelands (36.9%), rainfed agricultural
lands (10.2%), irrigated agricultural lands (4.9%),
water and snow cover (3%), forests (2.8%), and built-
up areas (0.5%) (Razipoor, 2019). Agriculture is
conducted primarily along the Hari Rud River. Winter
wheat and barley are the primary crops; they are
typically planted around November, start growing
from early spring, and are harvested by May or June.
We set the study area as agricultural fields with
maximum NDVI in the primary growing season of
wheat/barley (i.e., January to May) exceeding 0.4 for
at least 1 year between 2015-2021. The targeted study
area is indicated as green color in Fig. 1.
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Figure 1. Location of the study area

2.2. Input data

MODIS-Terra 16-day, 250-meter Vegetation
Indices products (MOD13Q1) were used to assess the
crop conditions of Herat Province for seven years,
from 2015 to 2021. NDVI was computed using red and
near-infrared reflectance, which corresponds to bands
1 and 2 of MODIS, respectively:

NDVI = (pnir = pr) / (PNIR T+ PR) Eq. 1
where, pr and pnir are the reflectances of the red and
near-infrared bands, respectively.

The NDVI values for land surface are usually
between 0.1 or 0.2 for bare soil surface (value depends
on soil type and surface condition) to more than 0.8 for
densely vegetated cropping surface. Negative NDVI
values typically indicate water, snow, iced surfaces, or
specific types of rocks.

The quality precipitation records measured
around the study area were not accessible. Therefore,
precipitation records measured at a weather station in
Mashhad, Iran, were obtained via the World
Meteorological Organization (WMO). Mashhad is
approximately 300 km from the study area and was the
closest weather station to provide quality precipitation
records. We assumed that Mashhad's precipitation
might represent our study area's precipitation.

2.3. Data analysis

As a preliminary investigation, the vegetation
and precipitation status were summarized by plotting
NDVI and precipitation records to understand the
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agriculture and water conditions of the study area.
Then, the impact of precipitation on crop production
(represented as NDVI values) was investigated using
two approaches:

(1) Investigating the period and timing of precipitation
that affect crop production. This analysis was
performed by comparing the maximum NDVI of
the growing season and the precipitation of various
periods. A period of precipitation that could best
explain the peak NDVI value was identified.
Following 12 candidate periods for precipitation
were investigated; Sep.—Apr., Sep.-May, Oct.—
Apr., Oct.-May, Nov.—Apr., Nov.-May, Dec.—Apr.,
Dec.-May, Jan.—Apr., Jan.-May, Feb.—Apr., Feb.-
May.

(2) Investigating the spatial stability of crop
production in the study area. This analysis
accounts for the number of years of successful
agriculture by location. In this study, the peak
NDVI values of the crop growing season
exceeding 0.6 are assumed to be successful
agriculture. Within the seven years of the study
period, the areas with seven years of successful
agriculture indicated that the area was practicing
stable and robust agriculture. The areas with only
a few years of successful agriculture suggested that
the area was sensitive to drought.

3. Results and discussion

3.1. Result of the preliminary investigation

Figure 2 shows the annual average NDVI of the
study area. NDVI rapidly increases from March,
reaches its peak in April, and decreases in May,
corresponding to the crop calendar of wheat and barley,
where these crops start growing in early spring and
reach mid-season in April. The senescence begins
toward harvest in May or June. The peak NDVI values
in April are small compared to a reference value of
NDVI for densely vegetated surfaces (e.g., 0.8 or 0.9),
primarily because the NDVI in Figure 2 is the average
of the entire study area, which includes fallow or
water-stressed fields, and some other minor non-
vegetated surfaces such as roads and buildings.

Figures 3 and 4 present the annual and monthly
precipitation of Mashhad, Iran, respectively, as the
substitute precipitation of the study site in Herat,
Afghanistan. The average annual precipitation for the




7 years was 228 mm, which agreed with the literature
value for Herat (230 mm; Igbal et al., 2018), with a
standard deviation of annual precipitation of
approximately 93 mm. As shown in Figure 4,
precipitation generally begins in October or November
and ends in May or June. The primary precipitation
season is from January to April, which is also the
season of growing wheat and barley. A significant
variation in monthly precipitation was observed,

probably affecting regional agriculture.
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Figure 2. Average of the monthly maximum NDVI
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Figure 4. Monthly precipitation
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3.2. Effect of precipitation on crop production

The regression analysis between seasonal
precipitation and the average peak NDVI suggested
that the October—April precipitation best explained the
peak NDVI (Figure 5), with the highest coefficient of
determination (R? = 0.85). The R? value decreased
when the starting month of precipitation accumulation
shifted to September (R?> =0.84) or November (R?
=0.83) or when the end month of accumulation moved
to May (R?> =0.79). The results indicate that
precipitation during October and April is the primary
water source for wheat and barley production in the
study area. The statistical results agreed well with the
general cropping calendar of wheat and barley.
October is 1 month before planting. The precipitation
during October is stored in the soil and used for plant
growth. May is the period of senescence; thus, May
precipitation is not very important for plant growth.
The positive slope of the linear regression line
indicates that the amount of precipitation positively
impacts crop production. A high R? value (0.85)
suggested that the amount of precipitation is vital for
crop production in the area.
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Figure 5. Relationship between October—April
cumulative precipitation and average of

peak NDVI in the study area

3.2. Spatial stability of crop production

Figure 6 shows the frequency distribution of
successful agriculture in the study area. The west side
(left in the figure) is upstream, and the east side (right
in the figure) is downstream of the Hari Rud River.
Frequently used fields cultivate crops even in years
with less Overall, fields located
downstream were used more frequently. The results

precipitation.




shown in Figures 5 and 6 imply that upstream fields
are sensitive to October—April precipitation, while the
downstream fields tend to be robust for short of
precipitation, probably because the areas have
irrigation systems.

Years of successful D ° D 1 ! 2

cultivation

H: Hs Hs Hs W

Figure 6. Frequency distribution of successful
agriculture.

3.3. Conclusions

We analyzed the spatial and temporal changes in
NDVI and the impact of precipitation on these changes
using MODIS data for 2015-2021. In the regions
where ground-based quality data were not easily
accessible, satellite-based NDVI and precipitation
data measured from an adjacent region successfully
illustrated the crop production status and the impact of
precipitation. Regression analysis indicated that
precipitation from October to April dominantly
controlled wheat and barley production in the study
area. Spatial analysis revealed that the effect of
precipitation varies by location, where non-irrigated
fields upstream were more sensitive to drought. The
long-term, 16-day NDVI product of MODIS made
such a statistical investigation possible, with a spatial
resolution of 250 m.

The method of analysis used in this study is
applicable to other regions having similar limitation on
in-situ data. More information may be obtained by
investigating irrigated and non-irrigated fields
separately or by extending the study period.
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