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ANTHARED TIH TR BRSNS L H 1ot 2N LIE, BE TOHEALFIC bt
ZHLICFIH STV S,

WHT o TREET N U AT T RN E T DR TR, BRGSO 5 o0 A & il
T5Z L3 BRMICEEHRTIZIZIE-EThoz (T U T RTEE, 7 T REKIRE
{ERFIZIT LT %), ZAUSx LT, LED # M5 & 3 2Makss ik, v¥—27 i RD#5 LED
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Fig. 1 Spectral irradiance distribution (SID) of ground-level sunlight obtained at 12:00 on
a bright, clear September day in Tokyo (target SID), presented along with the best-
approximated SID at the light outlet produced with the improved LED artificial sunlight
source system for each target SID (produced SID) (Fujiwara et al., 2022).
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of Light and Visual Environment 35(2): 117-122) H B L TW\W5, ZONFEL AT A THIUE, BV
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Prediction of number of days of frost and frost damage associated with climate change
B W (KA EWTZERT)
Akira Watanabe
(Institute for Climate Change)
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As per the findings of the Intergovernmental Panel on Climate Change (IPCC), it is anticipated that the global
temperature will experience a rise of approximately 1.5°C by the year 2030. This increase in temperature will
result in an uneven distribution of rainfall patterns and amounts, resulting in an elevated risk of drought-related
disasters in specific geographical areas. Droughts have a significant impact on water availability, both surface
and groundwater, which in turn affects human activities that heavily rely on water such as domestic, industrial,
and agricultural purposes. To evaluate drought occurrences, various indices have been developed, such as the
Standardized Precipitation Index (SPI) founded by McKee et al., in 1993. The advantage of employing SPI lies
in its utilization of long-term precipitation data as input, uses probability distribution and normalization to eval-
uate wet and dry conditions.

In this study, the focus was on the implementation of SPI-3, commonly employed by researchers to charac-
terize agricultural drought situations. The objective was to assess various drought indicators including frequency,
duration, severity, and intensity in Indonesia from 1981 — 2020. Furthermore, this research also focused on the
change of agricultural drought on alterations in agricultural drought indicators arising from shifting climatic
conditions, which have the potential to impact agricultural operations. The dataset for precipitation was sourced
from the Multi-Source Weighted-Ensemble Precipitation (MSWEP), supplying monthly precipitation data at a
resolution of 0.1° from 1979 to the present.

The outcomes of the assessment unveiled that the drought frequency, duration, severity, and intensity tend to
increase in the recent decade especially in South Sumatra and Java Island which is known as the main producer
of paddy crops. However, the worst drought event occurred in 1991 — 2000 where the precipitation was recorded
as the lowest compared to the other decades. This research also offers simple approach to determine the hotspot
region of agricultural drought by utilizing the information of drought’s frequency and intensity. These findings
offer valuable insights for identifying hotspots warranting strategic drought mitigation and preparedness

measures.

Keywords: Agricultural Drought; SPI; Decadal Variation; Indonesia; Climate Change.

1. INTRODUCTION

The Intergovernmental Panel on Climate Change
(IPCC) reported that the world’s temperature is
expected to increase by around 1.5°C in 2030. One of
the impacts of this temperature increase is the
variability of the rainfall pattern and the distribution,
which is not evenly distributed globally. This condition
can lead to more severe drought disasters in some parts
of the world. The Food and Agriculture Organization
(FAO) mentioned that the agricultural area absorbs
around 80% of drought direct’s impact with multiple
effects on agricultural production, food security, and
rural livelihood, especially in developing countries.

This study focused on assessing the agricultural
drought characteristics in Indonesia from 1981 — 2020,
with paddy as the main agricultural product, the country
reported that historically the agricultural area have been
affected by drought. With the objectives to assessing the
drought characteristics in Indonesia from 1981 — 2020,
we used Standardized Precipitation Index (SPI) during
the dry cropping season to obtain various drought indi-
cators including frequency, duration, and intensity.

In this research, SPI-3 was chosen as the drought index
that represent not only the rainfall deficiency but also as
the appropriate temporal scale to examine drought
impact to vegetation (Ali., 2000, Ji&Peters., 2003, Patel
et al., 2007, Irawan et al., 2023). Even though this re-
search was focused on agricultural drought, for the haz-
ard assessment it was assessed for a whole Indonesia
because drought affecting a large area, so understanding
the drought condition over the whole system is also im-
portant.

2. METHODOLOGY AND DATASET

The SPI analysis was conducted using monthly
precipitation obtained from the MSWEP dataset over
Indonesia with 0.1° resolution from January 1979 — July
2022. Then various drought indicators were assessed as
follows:
1. Frequency

Frequency is the total number of drought event.

According to McKee et al., 1993 drought event is
defined as a period when the SPI value is -1 until it
becomes positive.
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2.

Duration
According to Spinoni et al., 2014, the duration of a

drought event can be calculated as the number of
months between its start (included) and end month (not
included).

3.

Intensity
Drought intensity can be defined as the ratio

between drought severity and drought duration for each
drought event (Tan et al., 2017) where the drought se-
verity is the absolute value of the cumulative SPI values
during the drought event. The larger the drought
intensity value means more severe drought event.

3.

RESULT AND DISCUSSION
Figure S1 in the appendix shows the result of this

study in the form of comparison between the recent dec-
ade (2011 — 2020) and the first decade (1981 — 1990) as
the baseline, in general the following explanation can
be concluded from this study:

(1) Drought Frequency

According to Figure S1 (a), drought event becomes

more frequent in the recent decades, especially in West
Kalimantan, South Sumatera, and Java Island which
known as the main producer of rice. This result indi-
cates the higher exposure of agricultural drought in re-
cent decades.

(2) Drought Duration

Figure S1 (c) shows that drought event tends to be

longer in recent decades including in the region with
high percentage of agricultural area, especially in Java
Island, Sulawesi Island, and South Sumatera. The result
showed that those regions suffered from drought
condition with a total of 45 — 65 months or around 37.5
—55% of its months is a drought month within a decade.
(3) Maximum Drought Duration

all

If the previous section showed the total duration of
drought event, this section will talk about the maxi-

mum drought duration within one event of drought.
Figure S1 (d) shows that the maximum drought dura-
tion within one event also tends to be longer in recent
decades, especially in southern part of Java Island
which still depends on the local water resources (e.g.,
river or wells) as water irrigation sources. This can be-
come more threatening considering that prolonged
drought can lead to hydrological drought that can also
disrupt water supply including for irrigation.

(4) Drought Intensity

Lastly, from Figure S1 (b) it can be seen that re-

cently, in the region with high intensity of agricultural
area, drought tends to becomes more severe.

Decadal Variation of Region Drought Category

1981 - 1990 1991 - 2000
P

B, Q/jg m%: :

©

L b
m%%f\;
< et -
Al

2001 - 2010
=

P b

o5

2011 - 2020

TI0°E

T e

Al Al
Ta0°E 130 (I

T00°E TI0° T20°E T30°F T00°E T20°€

Figure 1 Drought category region
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Lastly, to determine the hotspot region of agricul-
tural drought, we utilize the information about the fre-
guency and intensity to categorize each region into fol-
lowing category: (1) region with high intensity and high
frequency, (2) region with low intensity and high fre-
quency, (3) region with high intensity and low fre-
guency, and (4) region with low intensity and low fre-
guency. It can be seen that recently, more region with a
high percentage of agricultural area are exposed to se-
vere drought condition. However, in the last decade, the
drought condition seems to be “in recovery” stage
which indicated by less region belong to the first cate-
gory, but how about in the future?

4. CONCLUSION

This drought assessment was conducted to examine
the drought frequency, duration, and intensity in Indo-
nesia drom 1981 — 2020. The result showed that the
frequency, duration, and intensity of drought events
tends to be longer and bigger in recent years indicating
more severe drought condition. Additionally, the inte-
gration of information between drought frequency and
intensity is adequate to determine the hotspot region of
agricultural drought. However, further assessment of
water supply condition is important to assist the poten-
tial of agricultural drought hazard and its characteristics.
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APPENDIX

The changes of drought frequency
in decade 2011 - 2020 compared to 1981 - 1990

The changes of drought intensity
in decade 2011 - 2020 compared to 1981 - 1990
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The changes of drought duration
in decade 2011 - 2020 compared to 1981 - 1990
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1. INTRODUCTION

Climate change significantly affects global agriculture, impacting crop
productivity due to altered precipitation patterns and temperature
fluctuations, leading to reduced yields and water scarcity (Ghazal et al.,
2021). The shift in agricultural zones necessitates adaptation, with
potential opportunities for extended growing seasons and the
development of drought-resistant and heat-tolerant crop varieties
(Nainggolan et al., 2023).

Traditional methodologies like Crop Simulation Models and Soil
Testing help assess agricultural potentials, but the future shifts in
climate boundaries for crops, especially considering elevation, remain
underexplored (Yalew et al., 2016). In Afghanistan, a country with
diverse climatic zones and a strong agricultural dependency,
understanding these shifts is crucial.

Our study focuses on Afghanistan's agricultural climate boundaries,
especially for winter wheat and rice, using GIS and CMIP6-GCMs
datasets under the SSP5-8.5 scenario, considering historical and future
projections. We aim to understand how maximum temperature (Tmx)
and precipitation, influenced by elevation, will redefine agricultural
zones. This research intends to provide actionable insights for
sustainable agriculture and climate adaptation strategies in Afghanistan.

2. STUDY AREA AND DATASETS

Afghanistan, covering approximately 652,000 km? in Central Asia, is
dominated by the Hindu Kush mountains (Fig.1), creating diverse
climate zones classified under the Koppen—Geiger system (Fig.2).
These range from arid deserts to polar tundra, influenced by the
country's varied topography and altitude. Precipitation varies
significantly across the region, with the northeast receiving over 1000
mm annually, contrasting with the arid southwest (Qutbudin et al.,
2019). Despite climate vulnerabilities, agriculture remains vital,
contributing to 25% of GDP and employing over 60% of the population,
with only 12% of the land cultivable.

This study uses CMIP6-GCMs multi-model ensembles and geospatial
data from the Shuttle Radar Topography Mission (SRTM) and the
European Space Agency's Climate Change Initiative (ESA CCI) to
assess future climate shifts and their impact on Afghanistan's
agriculture. The data, standardized to a 1 km spatial resolution, spans
historical (1975-2014) and future (2060-2099) periods under the SSP5-
8.5 scenarios, focusing on the nation's agrarian dynamics and potential
challenges due to climate change.
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Fig.1 - Location of Afghanistan with its topography.
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Fig.2 - Kdppen-Geiger climate classification of Afghanistan,
illustrating the diversity of climates present in the country.

3. METHODOLOGY

3.1. Assessment of Climate Boundary Shifts and Agricultural
Potential under Climate Change in Afghanistan

This section assesses the impact of climate change on the climatic
boundaries and agricultural potential in Afghanistan, focusing on
winter wheat and rice due to their importance for national food security.
The analysis examines climate variables, particularly maximum
temperature (Tmx) and precipitation (Pre), across two time periods:
historical (1975-2014) and future (2060-2099) under the SSP5-8.5
scenario. The study aims to identify shifts in climatic boundaries and
potential agricultural areas by comparing historical and projected
climate data within each climate zone and elevation range in
Afghanistan. Areas where projected climate conditions match
historical patterns are identified as potential future agricultural zones,
while those with divergent climate conditions may face challenges for
farming. This methodology provides insights into how elevation and
climate change could influence agricultural viability in different
regions of Afghanistan.

Table 1: Cropping calendar of major crops in Afghanistan

Crops Sowing Growing Harvesting
Maize May Jun-Aug Sep
Rice May-Jun July-Sep Oct-Nov
Spring Wheat Mar-Apr May-July Aug-Sep
Winter Wheat Oct-Nov Dec-Apr May-Jun
Barely Nov-Dec Jan-Apr May

3.2. Suitability Classification of Agricultural Areas Using Multi-
Criteria Decision Making
This methodology is designed to further verify the agricultural
potential assessment by examining more closely the future suitability
of areas for wheat and rice cultivation in Afghanistan. This
methodology employs Multi-Criteria Decision Making (MCDM) to
evaluate the future suitability of areas in Afghanistan for wheat and rice
cultivation. Utilizing agro-climatic indicators such as maximum
temperature (Tmx), the Standardized Precipitation Evapotranspiration
Index (SPEI), and precipitation, the MCDM approach classifies
agricultural areas into suitability classes from 1 (high potential) to 5
(low potential) based on their impact on crop yields. These
classifications are informed by previous research and are used to
determine the overall agricultural potential of an area. The overall
suitability is calculated as the average of the potential classes for Tmx,
SPEI, and precipitation, providing a comprehensive assessment of the
land's agricultural viability for these crops.

Suitability = suitability of (Tmx,SPEI —7,and Pre)/3 (1)

-19-


石川 大太郎
長方形


4. RESULTS

4.1. Elevation-Dependent Climatic Variations: Historical Insights
and Future Projections for Agriculture Areas

Our study revealed a significant inverse relationship between
maximum temperature (Tmx) and elevation. Figure 3 illustrates that,
during both wheat and rice growing seasons, future Tmx projections
(red lines) under the SSP5-8.5 scenario often surpassed historical
averages (blue lines), as indicated by the 95% confidence interval
(dashed lines). This trend suggested that agricultural climatic zones
were moving upwards with elevation, impacting Afghanistan’s
agriculture. Regions with future Tmx above historical averages might
struggle with unfamiliar climatic conditions, posing challenges to
current farming methods and necessitating adaptive strategies.

Figure 4 provided a geographic representation of areas predicted to
encounter new climate extremes during the wheat and rice growing
seasons. This figure clarified the methodology used to identify these
regions. Red areas represented those facing temperature extremes,
orange for precipitation extremes, and yellow for both. Uncolored
regions remained within historical climate norms, primarily at higher
elevations.

Specifically, for wheat (Fig 4a), most regions were expected to
experience temperature extremes, potentially affecting yields and
quality, especially during the grain formation stage. In contrast, rice
cultivation (Fig. 4b) presented a broader range of regions facing new
climate extremes. This difference was attributed to rice's unique

growing season (May to November) and its heavy dependence on water.
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Fig.3 - Correlation between Elevation and Tmx during (a) wheat and
(b) rice crop season.
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Fig.4 - Climate Boundary Shifts for (a) Wheat and (b) Crop.

4.2. Spatial Variation in Future suitability of agricultural area
Figure 5 shown the future suitability of existing agricultural areas
situated within the delineated potential agricultural areas identified in
the previous section. This figure reinforces and validates the precision
of identified regions poised for optimal agricultural productivity.

For pivotal crops like wheat and rice, the suitability classes presented
are highly promising. Specifically, over 84% of areas for wheat and
68% for rice are characterized as ‘optimal,’ falling within the 'very
good' and 'good' categories. This demonstrates a high likelihood of
successful cultivation in these regions, given the predicted future
climate conditions.

Interestingly, when analyzing elevation-based suitability, higher
elevations predominantly show favorable outcomes. However, at lower
elevations, a minor proportion of areas, 13.2% for wheat and 6.4% for
rice, are denoted as 'not suitable.' These areas fall within the 'poor' and

‘'very poor' classifications, indicating potential challenges for
agriculture in these specific zones.
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Fig. 5 - Future suitability of existence agriculture area that located
inside the future potential agricultural areas.

5. CONCLUSION

This study provides an assessment of the impacts of climate change on
wheat and rice cultivation in Afghanistan, highlighting the potential for
shifts in agricultural zones due to variations in climate across different
elevations. Key observations include the likely upward shift in climatic
boundaries for farming, pushing potential agricultural areas to higher
altitudes, which suggests future crops may need to be grown at higher
elevations. Farmers in regions with higher future temperatures might
need to adapt to unfamiliar climates. Precipitation changes reveal
regional differences, implying the need for region and crop-specific
strategies. Despite rainfall changes showing no significant correlation
with elevation, these changes could potentially influence agricultural
viability, as rainfall is crucial for crop growth.

In summary, our research offers valuable insights into the future of
cereal cultivation in Afghanistan in the context of climate change. The
findings emphasize the importance of integrating these insights into
policy and agricultural practices to enhance sustainability and
resilience.
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