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Drought is one of the natural hazards with potentially significant impacts on society, economy, and other natural resources over
the globe. However, the understanding of drought characteristics and its persistence can significantly help to reduce the potential
impacts of drought. Moreover, the knowledge about the spatiotemporal pattern of seasonal drought frequency and drought
persistence is important for water resource management, agricultural development, energy consumption, and crop yields.
,erefore, the present study is employed to examine the seasonal drought frequency and drought persistence in the region. In this
regard, the standardized precipitation index (SPI) at the three-month time scale was used to determine meteorological drought.
Furthermore, the logistic regression model is used to calculate the odds and probability of drought persistence from one season to
the next for the selected stations by identifying the spatial pattern of seasonal drought frequency and persistence. ,e potential of
the current analysis is validated on six selected stations of the northern area of Pakistan. ,e outcomes related to the current
analysis provide the basis for taking more considerations on early warning systems and help to make the valuable decision for
water resource management and agriculture sectors in Pakistan.

1. Introduction

Drought is a complex phenomenon and one of the greatest
recurring natural disasters. It causes substantial losses in
agriculture sectors [1–6], natural ecosystems [7–9], and
forestry [10–12]. It is also called a creeping phenomenon
with its influences gradually take in an area over a period and
may persist for a long period. In severe cases, drought can
last for many years and disturb many social activities, ag-
ricultural sectors socioeconomic sectors, and environmental
settings [6, 13–16]. ,e arrival of drought occurrences is
complicated; therefore, it is challenging to substantiate the

onset of the drought occurrences. ,e complication in
drought occurrence becomes a cause for new methodologies
for the assessment of drought [17–19]. However, the effects
of droughts have been described in several studies, and
various extensive measures are proposed to hold them.
However, without proper actions, drought consequences can
be severe for the natural environment and sustained for a
long period even after termination [20–22].

,e speedy improvement in the drought monitoring
policies brought several advantages to society [17, 18, 23]. To
understand the complexity and improve methodologies of
drought monitoring, the researchers have been grouping the
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drought in several aspects including meteorological, agri-
cultural hydrological, and socioeconomic aspects [24, 25].
Rhee and Im [26] described the meteorological drought as a
lack of precipitation in a prolonged period [27, 28]. ,e
agricultural and hydrological droughts can be defined as
periods with insufficient soil moisture and river flow or
groundwater, respectively [29]. ,e drought-related socio-
economic occurs due to a shortage in water resource systems.
In this case, the water demands are not fully attained by the
water supply. ,e water supply is unable to provide sufficient
water at a particular time for society. Since last recent years,
droughts cause major factors that distress the society and its
economic environment sectors around the world more than
other natural hazards [30]. However, the disaster can be
minimized by adopting suitable approaches to assess drought
occurrences. ,e appropriate approaches can help to mitigate
drought impacts and provide significant outcomes for further
drought monitoring and mitigation policies.

In the literature, researchers added several indices for
the improvement of drought mentoring policy and fore-
casting strategies. For instance, for identifying various
drought classes in the selected area, Van Rooy, [31] pro-
posed a rainfall anomaly index (RAI) which is designed
particularly for the classification of drought classes. Fur-
thermore, a study measured the cumulative deviation of
moisture supply and added new research Palmer drought
severity index (PDSI) in the literature for monitoring
drought more accurately [32]. Many other drought indices
were added in the literature for increasing the efficiency
and accuracy to determine drought occurrences more
accurately and precisely. ,e drought indices including
Crop Moisture Index (CMI) proposed in [33], Bhalme and
Mooly Drought Index (BMDI) in [34], Reclamation
Drought Index (RDI) introduced in [35], National Rainfall
Index (NRI) in [36], Surface-Water Supply Index (SWSI)
developed in [37, 38] have proposed Standardized Pre-
cipitation Index (SPI). ,e SPI is prevalent among other
indices and frequently used for drought monitoring and
forecasting [39, 40]. ,e obtained standardized values of
SPI can be used to compare droughts in distinct climatic
zones across regions. ,erefore, the SPI is commonly used
for assessing drought occurrences and developing new
methodologies for drought monitoring and forecasting
[41–43].

,e current study aimed to examine the drought per-
sistence in the selected stations. ,e study used logistic
regression to compute odds and probability of drought
persistence from one season to the next in the selected region
by identifying the spatial pattern of seasonal drought fre-
quency and persistence. ,e standardized precipitation in-
dex (SPI) at the three-month time scale was employed to
characterize meteorological drought. Furthermore, the po-
tential of the present study is validated on six selected
stations of the northern area of Pakistan. ,e results asso-
ciated with the present study provide the basis for taking
more attention to the early warning systems and making
improvements for water resource management and agri-
culture sectors to observe and substantiate the severity of
drought in Pakistan.

2. Methods

2.1. Standardized Precipitation Index (SPI). ,e various
studies consider varying drought indices to categorize and
monitor drought occurrences [39, 41, 43]. Since the last
decade, the use of SPI is common for drought monitoring
[41, 44]. ,e present study considers the SPI developed by
[38] for the estimation of drought occurrences. ,e time-
series data ranging from January 1971 to December 2017 is
used for drought characterization. ,e consistency of SPI is
significant in climatic circumstances relating to the geo-
graphical and temporal distribution [39, 40]. Furthermore,
the simplicity in calculation makes SPI more prominent and
recognized worldwide for characterization. ,e SPI can be
computed for various times based on monthly data to ob-
serve the meteorological drought [39].

2.2. Logistic RegressionModel. ,e drought is assessed based
on SPI for the selected stations. ,e seasonal drought is
analyzed using SPI at a three-month time scale for each
selected station. ,e seasonal drought frequency is calcu-
lated as the total number of years in which drought SPI ≤1
appears in each climate division of the selected station. ,e
climate divisions are included as follows: (1) “December,
January, February” (Winter); (2) “March, April, May”
(Spring); (3) “June, July, August” (Summer); (4) “September,
October, November” (Autumn). For instance, if the climate
brings 10 years in which drought occurs in winter during the
total number of 47 years, the drought frequency probability
is 10/47 or 21%. Furthermore, the persistence of seasonal
drought can be defined as the drought conditions staying
from one season to the next. In the current analysis, drought
persistence is defined as winter-spring, spring-summer,
summer-autumn, and autumn-winter. For each station, the
seasonal drought persistence and season combination can be
expressed as the probability of persistence.,e probability of
persistence can be calculated as the total number of years in
which drought persists from one season to season combi-
nation by dividing the total number of years in which
drought appears during the first season in that climate di-
vision. For example, if the climate shows 12 years in which
drought occurs in winter and drought conditions continue
into spring during the 10 of those years, the drought per-
sistence probability is 10/12 or 83%. Furthermore, in the
present study, SPI for scale three is considered as a binary
variable: drought occurs� 1 and drought does not occur� 0.
,e drought persistence can be calculated to define the
impact of the influence of one season’s moisture conditions
on moisture conditions in the forthcoming season (Ford and
Labosier, 2013). Moreover, in the current study, the logistic
regression model is employed to examine the persistence of
drought from one season to the coming season [45]. ,e
logistic regression model is frequently used to examine the
relationship between the binary dependent variable and one
or more independent variables (Ford and Labosier, 2013).
Kutner et al. [46]; stated that using an ordinary least squares
regression with a binary dependent variable can lead to
several issues including nonnormally distributed errors and
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predicted values in which range does not occur from 0 to 1.
,erefore, logistic regression is the more suitable method for
analyzing a binary dependent variable. Furthermore, various
studies used a logistic regression model to predict the logit
transformation of the dependent variable based on the in-
dependent variables [46–49]. ,e logistic regression model
can be considered in the following form:

F(t) �
e

t

e
t

+ 1
�

1
1 + e

−t , (1)

where t is a linear function of an explanatory variable x, and
the logistic function can be written as

π(x) �
e
α+βx

e
α+βx

+ 1
�

1
1 + e

−α+βx
. (2)

,e inverse of the logistic function, the logit model, is

g(x) �
ρ

1 − ρ
� α + βx, (3)

where the odds ratio of the drought occurrence is denoted by
(ρ/(1 − ρ)), α shows the intercept, and β denotes the re-
gression coefficient. Furthermore, the normally distributed
residuals are not required in the logistic regression model.
However, the error distribution between actual and pre-
dicted dependent variables follows binomial (Ford and
Labosier, 2013). In the current scenario, for SPI at scale 3, the
observations were perceived independently, and the bino-
minal assumption meets [45, 47]. ,e use of the logistic
function is beneficial as it can be considered an input with
any value from negative infinity to positive infinity, whereas
the output ρ is remained to values between 0 and 1 and thus
is explainable as a probability. ,e current study employed a
logistic regression model for the specific season based on a
binary dependent variable which is drought occurrence
(1� drought, 0� no drought) and the explanatory variable is
the SPI value from the previous season. ,e outcome of the
model can be described for the given season as the log odds
ratio of drought occurrence, and the relationship between
the dependent and explanatory variables is represented by
the slope (β) of the logistic regression. For instance, when β
is observed negative, for the specific season, the odds of
drought occurrence are negatively related to the SPI value in
the previous season. In a more precise way, it can be de-
scribed that the rise in the preceding season’s SPI causes to
decline in the odds of drought occurring in the subsequent
season.

3. Application

,e structural importance of the Northern region is im-
portant for the other regions of the country. ,e northern
region is a geographic area that has a group of three
mountain ranges, the Himalayas, Karakoram, and the Hindu
Kush, which cover most of the region [50]. Many of the
world’s tallest peaks are found in this region, including K-2,
Nanga Parbat, and Rakaposhi. ,e average altitude of
Karakorum is 6,100m, Hindu Kush is 7,690m, and the
Himalayas is 8,848m [51].,ese high altitudes of mountains

frequently deliver a significant portion of precipitation
[50–52]. ,e reservoirs of the other regions are also asso-
ciated with the rainfall of this region. Due to the significant
importance of the region for the other parts of the country,
the region is selected for analysis. Furthermore, the climatic
situations of the chosen region placed vast and persistent
effects on climatic environments and weather conditions of
several parts of the country. ,e current analysis is ac-
complished with time-series data from January 1971 to
December 2017 (see [53] for the selected region of the
northern area of Pakistan (Figure 1)). ,e weather pattern
fluctuates over the varying periods within the country which
brings great socioeconomic influences. ,ese changes in the
atmosphere cause disturbance for the agriculture sectors and
reservoir system of the country [54, 55]. ,ere are various
climatic events related to global climate warming. ,ese
climatic events including rainstorms, high temperatures,
and droughts are commonly considered for influencing
global climate warming. However, the fluctuation of global
warming becomes the source of wide-ranging impacts on the
atmosphere and people in Pakistan [56–58]. ,erefore, it is
required greater considerations to recognize the drought
incidents more instantly by adding improvements in the
drought monitoring processes and methods. In this regard,
the current study used logistic regression to evaluate the
odds and probability of drought persistence from one season
to the next in the selected region by recognizing the spatial
pattern of seasonal drought frequency and persistence. ,e
SPI at the three-month time scale is applied to characterize
meteorological drought. ,e current study efficiently im-
proves the capability of identifying the spatial pattern of
seasonal drought frequency and persistence. ,e outcomes
of the current analysis can be helpful for drought monitoring
and mitigation policies in the selected region.

3.1. Results. ,e six stations were selected for the current
analysis. ,ese stations were chosen from the northern area
of Pakistan. ,e climate of the stations is important for the
other parts of the regions. ,erefore, these stations were
selected in the current analysis. ,e brief climatology of the
selected stations for precipitation is given in Table 1. ,e
precipitation of the selected stations is used for the calcu-
lation of the SPI index.,e importance of SPI is significantly
high from the drought monitoring perspective. ,e SPI
values were standardized by using varying probability dis-
tributions. Among the various probability distributions, the
distributions for the varying stations were selected based on
minimum Bayesian information criterion (BIC) values. ,e
selected distribution and their BIC values are provided in
Table 2. For instance, at the three-month time scale, the
gamma distribution shows suitable candidacy for the Astore
station. ,e BIC of gamma of Astore is −1279.0507 which is
minimum among other distributions. ,erefore, gamma
distribution is used for standardization in the Astore station.
,e gamma distribution is also suitable for two other sta-
tions. For Bunji station, the BIC value of gamma distribution
is −824.8686 and for Gupis, it has a BIC value is −1264.9476.
For the Chilas station, the BIC of 3p Weibull is minimum
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among other distributions and selected for the standardi-
zation. ,e exponential distribution is suitable for the Gilgit
station with minimum BIC (−810.2190). In Skardu station,
the precipitation data is used for the standardization based
on the generalized extreme value (GEV) distribution. ,e
GEV has minimum BIC among other distributions, and
therefore, selected for the standardization. Moreover, after
standardization, the next step is the drought characterization
which is done by the classified values of SPI.

Drought frequency is calculated by the total number of
months with SPI ≤1 divided by the total number of months
from January 1971 to December 2017. In this way for the
current analysis, the seasonal drought frequency is calcu-
lated. To calculate seasonal drought frequency, the per-
centage of seasons in which drought SPI ≤1 occurs over the
whole studied period for winter, spring, summer, and
autumn, respectively. Furthermore, drought is a compli-
cated phenomenon, and its impacts affect the agriculture,

Skardu

Gupis

Chilas

Astore

Gilgit
Bunji

77°0′0″E

77°0′0″E

76°0′0″E

76°0′0″E

75°0′0″E

75°0′0″E

74°0′0″E

74°0′0″E

73°0′0″E

73°0′0″E

34
°0
′
0″

N

34
°0
′
0″

N

25
°0
′
0″

N
30

°0
′
0″

N
35

°0
′
0″

N
40

°0
′
0″

N

25
°0
′
0″

N
30

°0
′
0″

N
35

°0
′
0″

N
40

°0
′
0″

N

35
°0
′
0″

N

35
°0
′
0″

N

36
°0
′
0″

N

36
°0
′
0″

N

37
°0
′
0″

N

37
°0
′
0″

N

38
°0
′
0″

N

38
°0
′
0″

N

Selected Stations

Astore

Bunji

Chilas

Gilgit

Gupis

Skardu

StudyAreas

75°0′0″E

75°0′0″E

70°0′0″E

70°0′0″E

65°0′0″E

65°0′0″E

.
0 470 940 1,410 1,880235

Kilometers

0 40 80 120 16020
Kilometers

Pakistan

N

N

E

S

W

Figure 1: Selected geographical locations from the northern areas of Pakistan.

Table 1: ,e precipitation characteristics during the period 1971–2017 of six selected stations.

Variable Station Mean 1st quartile Median 3rd quartile Kurtosis Std. dev

Precipitation

Astore 39.34 10.80 25.70 52.62 3.01 41.93
Bunji 13.56 1.30 7.10 17.10 7.55 18.90
Gupis 15.94 0.00 5.70 19.38 51.38 30.21
Chilas 15.85 0.95 7.00 19.32 8.88 23.53
Gilgit 11.75 1.10 6.05 14.72 9.93 16.57
Skardu 19.51 2.30 9.10 26.75 5.60 25.90
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economy, and other social activities. If meteorological
drought sustains a prolonged time, it can be hazardous for
soil moisture and evapotranspiration and lead to

agriculture and hydrological drought. Furthermore, in-
formation about seasonal drought frequency and drought
persistence are essential for water resource management,
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Figure 2: ,e varying distributions are selected for the six selected stations. ,e histograms (theoretical vs. empirical) of the selected
distributions are presented for SPI-3.

6 Complexity



agricultural development, and energy consumption.
,erefore, the study is applied to determine the frequency
of meteorological drought and its persistence in various
seasons in the selected stations. ,e seasonal drought
persistence can be expressed by the probability of the
persistence and computed as the total number of years in
which drought remains from one season to another divided
by the overall years in which drought occurs during the first
season. Furthermore, the logistic regression is used to
compute odds and probability of drought persistence from
one season to the next in the selected stations by finding the
spatial pattern of seasonal drought frequency and persis-
tence. For example, the logistic regression model is used for
winter-spring in the selected stations separately to observe
odds for drought occurrences in the current season based
on the SPI values of the previous season. ,e logistic re-
gression model for selected stations based on spring-
summer is used to observe drought occurrences. Similarly,
the outcomes can be obtained from the logistic regression
model for summer-autumn and autumn-winter. Moreover,
the results obtained from the various seasons using logistic
regression and their spatial characteristics are described by
the maps, and the temporal aspects are demonstrated by the
graphs.

Moreover, in Figure 2, theoretical and empirical dis-
tributions for SPI at a three-month time scale (SPI-3) are
presented, and the temporal behavior of selected stations for
SPI-3 can be observed in Figure 3. Figure 4 shows the
temporal variation for the numbers of months/year with
SPI≤1. Figure 5 represents the counts of drought occurrence
in the selected stations in various seasons. It can be observed
that the ND category prevails among other categories in

various seasons of the selected stations. Furthermore, SPI ≤1
specifies the drought in the selected stations and greater than
1 shows that there is no drought. ,e selected stations their
latitude and longitude and average months of SPI≤1 is
presented in Figure 6. ,ese average months show that the
overall, number of months with SPI≤1 in each year varies 6
to 12months with an average of 10 in the Astore station from
the time-series data ranging from January 1971 to December
2017. However, in Bunji station, the number of months with
SPI ≤1 in each year varies from 6 to 12months with an
average of 9.8085. Furthermore, average months’ SPI ≤1 for
the other selected stations is also calculated based on the
same rationale. Seasonal drought frequency is calculated as
percentage of seasons in which drought (SPI) occurs over the
whole study period for winter, spring, summer, and fall,
respectively, and are presented in Figure 7. ,e probability
maps in Figure 8 demonstrate the stations that are more
vulnerable to prolonged meteorological drought. For ex-
ample, 90 to 100% summer drought persistence probability
in summer-autumn means that 90 to 100% of summer
meteorological drought in selected stations of the northern
areas of Pakistan can persist to the autumn. It can be ob-
served that there are large spatial variations in seasonal
drought persistence. A strong difference is shown in various
seasons with stations. ,e Skardu station has a lower
probability of autumn-winter drought persistence than
other stations. Drought persistence probabilities in spring-
summer and summer-autumn show a more similar pattern
among the selected stations. ,is indicates that, in these
seasons, the precipitation occurrences are not sufficient.
Furthermore, the drought persistence probabilities in
northern areas during summer to autumn are higher than in
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other seasons. Seasonal drought persistence odds ratios
output from the logistic regression model presented in
various maps of Figure 9. ,is shows drought occurrence
odds ratio changes as a function of a 1 unit increase in the
previous season’s SPI. ,e stations with an odds ratio <1
indicate a decreased odds ratio of drought occurrence in the
given season when the SPI of the previous increases while
those stations with odds ratio >1 showing that a positive
increase in the odds ratio of drought occurrence in the given
season when previous season’s SPI increases. Furthermore,
the significant odds ratio can be observed in the maps. ,e
stations outline bolded are those at which the logistic re-
gression fit is statistically significant at α < 0.05. For in-
stance, on Gupis station in spring to summer, the odds ratio
is significant and shows that as increases 1 unit in the SPI of
spring the odds of drought occurrence are decreasing in
summer by 0.20 to <1%. Furthermore, the relationship
between various seasons and SPI is negative in selected
stations. ,is means for increases 1 unit in the SPI, the odds
of drought occurrence are negatively influenced. Similarly,
the odds ratio of drought occurrence can be observed for
other stations and seasons. Based on the obtained results
drought early warning policies should be prepared in the
selected stations accordingly. Moreover, the obtained results
from the recent evaluation about seasonal drought frequency

and drought persistence can be helpful to water resource
management, agricultural development, energy consump-
tion, and crop yields.

3.2. Discussion. ,e data of precipitation is used for the
classification of drought occurrences. ,ese drought oc-
currences are used to classify the drought categories in the
selected region. ,e classified values of the drought are
calculated using SPI-3. ,e SPI provides the standardized
values for the given precipitation in the selected station for
monthly data. ,e varying probability distributions were
used for the standardization of the precipitation values for
SPI.,e selection of the distributions is based on BIC values.
Information related to seasonal drought frequency and
drought persistence play a vital role in water resource
management, agricultural development, energy consump-
tion, and crop yields. Despite their importance to the water
resource management and agriculture sectors, there are very
few studies available in the literature that focus on seasonal
drought frequency and drought persistence [45]. ,erefore,
dynamic procedures are required in drought monitoring for
providing relief to affected areas. Suitable drought moni-
toring is a key factor in preparation for water resources and
disaster mitigation and making a climate-resilient society
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Figure 6: ,e latitude and longitude of the selected stations and their monthly averages for SPI ≤1.
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[59–61]. ,e present study is employed to identify the
seasonal drought frequency and drought persistence in the
region. However, none of the authors have worked to
identify the seasonal drought frequency and drought per-
sistence for Pakistan in previous research. ,erefore, it is a
new approach in terms of spatial patterns of drought per-
sistence in northern areas, Pakistan. ,e outcome of the
current analysis effectively works for early warning and
mitigation policies and enhances the competencies in
forecasting procedures, making better management, and
planning to decrease the vulnerability of society to drought
and its forgoing impacts.

4. Conclusion

Drought is a kind of complex recurrent climatic phenom-
enon, least understood to monitor and challenging for the
past several decades. Because of the significant influences,
various techniques have been developed to overcome its
impacts. Due to the development of new methodologies, the
drought characteristics have been monitored more accu-
rately. Information about the drought characteristics and its
persistence provides the direction to the water resource
management and agriculture sectors to minimize the neg-
ative impacts of drought. ,erefore, the current study used
logistic regression to analyze the odds and probability of
drought persistence from one season to the next in the
selected stations by identifying the spatial pattern of seasonal
drought frequency and persistence. From the results, we

observed that the ND category is prevailing among other
categories in various seasons of the selected stations. Fur-
thermore, the seasonal drought frequency is found signifi-
cantly high in summer and autumn. ,e spring
meteorological drought in selected stations of the northern
areas of Pakistan can persist to the summer with the
probability of 90 to 100%. ,e drought persistence percent
probability for summer to autumn is highest among other
climate divisions. Furthermore, it was observed that there
are large spatial variations in seasonal drought persistence in
various seasons and stations. However, the probabilities of
drought persistence in spring-summer and summer-autumn
show a more similar pattern among the selected stations.
However, the Skardu station has a lower probability of
autumn-winter drought persistence. Moreover, the odds
ratios from the logistic regression model for the seasonal
drought persistence showed that the significant relationship
between various seasons and SPI is negative in selected
stations. ,is means increases 1 unit in the SPI the odds of
drought occurrence are negatively influenced. ,e Astore,
Gupis, Chilas, and Gilgit found significant at α < 0.05 in
various seasons. Moreover, the current analysis is applied for
the present situation and application site; however, for other
climatic conditions results cannot be generalized. As cli-
matology conditions of the regions vary, the results can be
affected for the assessment of drought occurrence. Fur-
thermore, the use of other indices can significantly increase
the capabilities for drought monitoring and its persistence in
the selected region. ,e outcomes associated with the

Odd Ratios
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Figure 9: Odds ratio for various seasons in the selected stations. ,e relationship in the bolded stations is significant at α < 0.05.
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present assessment provide the basis for getting more
considerations on early warning systems and can be used for
decision-making.
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[2] S. Begueŕıa, S. M. Vicente-Serrano, F. Reig, and B. Latorre,
“Standardized precipitation evapotranspiration index (SPEI)
revisited: parameter fitting, evapotranspiration models, tools,
datasets and drought monitoring,” International Journal of
Climatology, vol. 34, no. 10, pp. 3001–3023, 2014.

[3] B. Dobson, G. Coxon, J. Freer, H. Gavin, M. Mortazavi-
Naeini, and J. W. Hall, “,e spatial dynamics of droughts and
water scarcity in England and Wales,” Water Resources Re-
search, vol. 56, no. 9, Article ID e2020WR027187, 2020.

[4] M. Alamgir, N. Khan, S. Shahid et al., “Evaluating severity-
area-frequency (SAF) of seasonal droughts in Bangladesh
under climate change scenarios,” Stochastic Environmental
Research and Risk Assessment, vol. 34, no. 2, pp. 447–464,
2020.

[5] D. Rodziewicz and J. Dice, “Drought risk to the agriculture
sector,” Economic Review, vol. 105, no. 2, 2020.

[6] P. Kalura, A. Pandey, V. M. Chowdary, and P. V. Raju,
“Assessment of hydrological drought vulnerability using
geospatial techniques in the tons river basin, India,” Journal of
the Indian Society of Remote Sensing, pp. 1–15, 2021.

[7] I. Raev and B. Rosnev, “,e impact of drought on natural
forest ecosystems,” in Drought in Bulgaria, pp. 117–136,
Routledge, England, UK, 2018.

[8] L. Deng, C. Peng, D. G. Kim et al., “Drought effects on soil
carbon and nitrogen dynamics in global natural ecosystems: a
meta-analysis,” Earth-Science Reviews, vol. 214, Article ID
103501, 2020.

[9] I. R. Orimoloye, J. A. Belle, and O. O. Ololade, “Drought
disaster monitoring using MODIS derived index for drought
years: a space-based information for ecosystems and envi-
ronmental conservation,” Journal of Environmental Man-
agement, vol. 284, Article ID 112028, 2021.

[10] C. Grossiord, “Having the right neighbors: how tree species
diversity modulates drought impacts on forests,” New Phy-
tologist, vol. 228, no. 1, pp. 42–49, 2020.

[11] B. Schuldt, A. Buras, M. Arend et al., “A first assessment of the
impact of the extreme 2018 summer drought on Central
European forests,” Basic and Applied Ecology, vol. 45,
pp. 86–103, 2020.

[12] A. L. Long, “Disturbance and sustainability in forests of the
western United States,” Drought, vol. 992, 2021.

[13] S. Huang, P. Li, Q. Huang, G. Leng, B. Hou, and L. Ma, “,e
propagation frommeteorological to hydrological drought and
its potential influence factors,” Journal of Hydrology, vol. 547,
pp. 184–195, 2017.

[14] M. Masoudi and M. Elhaeesahar, “GIS analysis for vulnera-
bility assessment of drought in Khuzestan province in Iran
using standardized precipitation index (SPI),” Iran Agricul-
tural Research, vol. 38, no. 2, pp. 9–16, 2019.

[15] V. Marchionni, E. Daly, G. Manoli, N. J. Tapper, J. P. Walker,
and S. Fatichi, “Groundwater buffers drought effects and
climate variability in urban reserves,” Water Resources Re-
search, vol. 56, no. 5, 2020.

[16] S. E. Abdel-Ghany, F. Ullah, A. Ben-Hur, and A. S. N. Reddy,
“Transcriptome analysis of drought-resistant and drought-
sensitive sorghum (Sorghum bicolor) genotypes in response
to peg-induced drought stress,” International Journal of
Molecular Sciences, vol. 21, no. 3, p. 772, 2020.

[17] A. D. Cameron, “Mitigating the risk of drought-induced stem
cracks in conifers in a changing climate,” Scandinavian Journal
of Forest Research, vol. 34, no. 8, pp. 667–672, 2019.

[18] A. Gazol, J. J. Camarero, R. Sánchez-Salguero et al., “Drought
legacies are short, prevail in dry conifer forests and depend on
growth variability,” Journal of Ecology, vol. 108, no. 6,
pp. 2473–2484, 2020.

[19] A. AghaKouchak, A. Mirchi, K. Madani et al., Anthropogenic
Drought: Definition, Challenges, and Opportunities, AGU,
Washington, DC, USA, 2021.

[20] A. Hamdy and G. Trisorio-Liuzzi, Drought Planning and
Drought Mitigation Measures in the Mediterranean Region,
AGU, Washington, DC, USA, 2001.

[21] R. Ragab and A. Hamdy, “Water management strategies to
combat drought in the semiarid regions,”Water Management
for Drought Mitigation in the Mediterranean, pp. 47–112,
Centre International de Hautes Etudes Agronomiques
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