KADUNA JOURNAL OF GEOGRAPHY
2025, VOL. 7, No. 1, 319-336
https://doi.org/10.47514/kjg.2025.07.01.035

SPECIAL ISSUE: CELEBRATING 20 YEARS OF GEOGRAPHY IN KADUNA STATE UNIVERSITY - ADVANCES AND FRONTIERS IN GEOGRAPHY

Projected Trends and Variability of Extreme Climate Indices in Kano State, Nigeria

(2024-2099)

Muhammad Sambo Ahmed (=3, Auwal Farouk Abdussalam
Khalid Ibrahim Richifa (2, Dahiru Yahaya °

3, Muhammad Lawal Abubakar (=2, Aliyu Buba?,

2 Department of Geography and Sustainability Studies, Kaduna State University, Kaduna, Nigeria ®Department of Computer Science, Kaduna State

University, Kaduna, Nigeria.

ABSTRACT

Human-induced climate change is altering the frequency and intensity of extreme climate events
globally, with widespread impacts. This study examined the future (2024-2099) trend and
variability of climate indices in Kano State, Nigeria, using daily future temperature and rainfall of
CanESM5 Global Climate Model (GCM) of CMIP6. The GCM was downscaled using Statistical
Downscaling Model (SDSM) software and a future (2024-2099) scenario was generated. Power
Transformation (PT) and Distribution Mapping (DM) were applied to minimize bias in the generated
scenario. RClimdex (1) was used to compute extremes, while Modified Mann-Kendall and
Coefficient of Variation were employed to calculate trends and variability of their extremes,
respectively. Results show that there will be a significant increase in nighttime cooling, but
daytime temperatures show a signal of both warming and cooling in the future. Generally,
temperature indices showed low variability except for TX10p, TX90p, TN10p, and TN90p which
showed moderate variability. The analysis of extreme rainfall indices indicates a future decrease
in the intensity of extreme rainfall, as well as variations in the frequency of extreme rainfall
indices. Rainfall indices showed moderate variability, except for R95p and R99p, which showed
high variability. This study has provided information that will help in the sustainable development
of Kano State, Nigeria, and has contributed to the literature on extreme climate indices and
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1 Infroduction
Human-induced climate change has affected the
frequency and intensity of extreme climate events,
leading to widespread adverse climate impacts (Akatah
et al, 2025). Greenhouse gas emissions continue to
exacerbate the existential threat posed by global warming
(Williams et al., 2020). The increase in global temperature
has largely contributed to the more frequent and intense
nature of extreme events (Rabanaque et al, 2021).
Extreme events such as heatwaves, heavy rainfalls,
raging wildfires, deadly floods, and devastating storms-
the manifestations of extreme weather events have
become increasingly frequent worldwide (Adil et al,
2025). According to a United Nations (UN) forecast,
climatic extremes and weather-related hazards may
cause more than 200 million people worldwide to require
international humanitarian aid by 2050 (UN, 2021).
Climate change has negatively affected food supplies and
terrestrial ecosystems, and has led to desertification and
land degradation in numerous countries
(Intergovernmental Panel on Climate Change [IPCC],
2021).

Extreme weather events significantly impact mental
health (Berry et al., 2010). The psychological effects,
which are sometimes long-lasting, can have a significant

impact on a large portion of the population, but they are
frequently overshadowed by physical health effects
(Morrissey & Reser, 2007). According to Handmer et al.
(2012), extreme events can directly impact mental health
due to acute traumatic stress from the experience, with
depression and anxiety being the expected effects. Aside
from direct effects, the stress and hardship of loss,
disturbance, and displacement may have indirect effects
during the course of recovery. In addition, people who are
not directly connected to an incident, such as bereaved
relatives and close associates of a deceased person or
rescue and aid personnel who develop Post Traumatic
Stress Disorder as a result of their work, may be impacted
by the incident's indirect consequences on mental health.
(Handmer et al., 2012).

Between 1993 and 2022, more than 9,400 extreme
weather events directly caused more than 765,000 lost
lives worldwide and direct losses of nearly $4.2 trillion
(Adil et al., 2025). In Africa between 1970 and 2019, 1,695
recorded disasters caused the loss of economic damages
worth US$ 38.5 billion, and 731,747 lives were lost (World
Meteorological Organization [WMO], 2021). Due to
political, geographical, and socioeconomic factors,
Nigeria is extremely vulnerable to the impacts of climate
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change (World Bank Group [WBG], 2021). In 2022,
Nigeria was the 8% most affected country by extreme
weather events (Adil et al., 2025). Nigeria is faced with
numerous environmental problems, some of which are
exacerbated by climate change and have a detrimental
effect on every sector, especially agriculture, water
resources, and infrastructure (WBG, 2021). Given the
dependency of Nigeria’s economy on climate-sensitive
industries (health, agriculture, and economy, among
others), climate change inaction could cost the country a
loss of US$100-460 billion by 2050 (WBG, 2020).

At different levels and scales, weather patterns will
continue to change. It is necessary for mankind to cope
and, in the long term, adapt to these changes, especially
as traditional coping and adaptation mechanisms are
proving insufficient to deal with the effects of changing
weather extremes (Abaje & Oladipo, 2019). Also, people
and buildings are becoming increasingly vulnerable to
severe, intense weather and climate extremes
(Abdussalam, 2015). Because climate extremes have
different implications for agriculture, water resources,
food security, ecological systems, and human health
(Abaje & Oladipo, 2019), information on how climate
extremes will change is vital for effective decision-
making and planning across a range of sectors. This is
even more important in developing countries such as
Nigeria due to their high vulnerability and sensitivity to
climate change. Consequently, there is a need for studies
on the future changes in extreme weather events in Kano
State, in particular, and Nigeria at large.

Isa et al. (2023) examined the impact of climate change
on extreme climate indices in the Kaduna River Basin.
Results show a strong trend towards warming and little
variation in the temperature indices, while rainfall
indices show moderate variability and a negligible
declining trend. Salihu et al. (2020) projected future
changes (2019-2048, 2049-2078, 2079-2100) in extreme
rainfall indices across Guinea and Sudano-Sahelian
ecological zones, Nigeria. Their study considered only
four sets of extreme rainfall indices: maximum 5-day
(Rx5day), days (R10mm),
consecutive wet days (CWD), and consecutive dry days
(CDD). Based on observed data from 1971 to 2017 and
regional climate model (RCM) simulations for the
historical period (1979-2005), the near future (2020-2050),
and the distant future (2060-2090), Adeyeri et al. (2019)
examined changes of climatic extreme indices in the
Komadugu-Yobe Basin (KYB). Results from their study
showed that the extreme temperature indices continued
to show a positive trend in the future climate, while
extreme rainfall events became more frequent. Abiodun
et al. (2012) examined the potential influence of global
warming on future extreme climate and weather events

rainfall heavy rainfall

in Nigeria. Their research used two emission scenarios

(B1 and A2) to project changes in future climates (2046—
2065 and 2081-2100) across ecological zones in Nigeria.
The study of Abiodun et al. (2012) did not consider some
critical extreme precipitation and temperature indices
such as Consecutive wet days (CWD), Simple daily
intensity index (SDII), cool days (TX10p), cool nights
(TN10p), and diurnal temperature range (DTR).

Kano State, Nigeria, has
droughts, particularly the ones that devastated northern
Nigeria in the early 1970s and 1980s (Abaje et al., 2014;
Abubakar et al., 2025). From 1981 to 2015, Kano State had
the highest occurrence of moderate drought in Nigeria
(Ogunrinde et al., 2019). Flood disasters resulting from
heavy rainfall have also been recorded in Kano State
(Abaje et al., 2014). Severe floods in Kano State in 1988
caused 180,000 homes to be destroyed, 14,000 farms to be
washed away, 200,000 people to be displaced, the
Bagauda dam to collapse, and 560-million-naira worth of
damage to homes and infrastructure (Nigerian
Environmental Study/Action Team, NEST, 1991). In 2022,
a devastating flood in Kano destroyed 14,496 farms and
killed 23 people in Kano State (ThisDay Newspaper, 2022).
Recently, the rainy season has been starting late but
ending earlier, consequently progressively shortening the
duration of the hydrological growing season in Kano
State. Also, the onset of the rainy season is characterized

experienced extreme

by more variability from year to year, unlike in its
cessation and duration (Sawa et al., 2014).

Despite the increasing number of studies on extreme
weather and climate in Nigeria, there is limited research
on the future changes in extreme rainfall and temperature
indices, specifically in Kano State. In addition, a study by
Ahmed et al. (2024a) investigated the trend and variability
of climate extremes in Kano State for the historic period of
1991-2023 and recommended further studies on the future
trend and variability of extreme climate indices in Kano
State. This study aims to fill this gap by examining the
future trend and variability of extreme rainfall and
temperature indices in Kano State from 2024 to 2099. By
providing information on the future changes in extreme
temperature and rainfall indices in Kano State, Nigeria,
this research is producing information that can facilitate
the development of appropriate
adaptation strategies by the relevant authorities and

climate change
policymakers to curb the devastating impacts of extreme
weather events and the achievement of sustainable
development.

2 Materials and Methods

2.1 Study Area

Kano State is situated between latitudes 10° 38' N-12° 38'N
and longitudes 08° 02'-09° 03'E, on the high plains of
northern Nigeria (Ahmed et al., 2024a). Jigawa state
borders Kano to the north and northeast, Kaduna state to



the south and southwest, Katsina state to the northwest,
and Bauchi State to the southeast (Sawa et al.,, 2014).
According to the 2006 population census, Kano State had
a human population of 9,401,288 (NPC, 2006). With an
annual growth rate of 3.2%, Kano State has a population
of over 15 million people based on estimates and
projections. The vast human population of Kano State,
located in northern Nigeria, makes it a prominent state.
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Kano State is an important contributor to the economic
growth of Nigeria because of its broad economy, which
and
agriculture sectors. Kano State, with its strategic location,
substantial population, and dynamic economy, is an
important state that contributes significantly to the overall
growth of Nigeria (Ahmed et al., 2024a).

comprises the manufacturing, services, trade,
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Figure 1: Map of the Study Area
Source: Adapted and modified from Grid3, 2019.
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2.2 Data Collection

Daily records of temperature (maximum and minimum)
and rainfall for 25 years (between 1990 and 2015) were
retrieved from the archives of the Nigerian
Meteorological Agency (NiMet), Kano State. Coupled
Model Intercomparison Project Phase (CMIP6) CanESM5
was downloaded from: https://climate-
scenarios.canada.ca/?page=pred-cmip6. CanESM5 is a
state-of-the-art global climate model that has been

Table 1: Characteristics of the weather station

extensively evaluated and validated and is well-suited for
the climate of Africa and Nigeria. CanESM5 has also been
used in previous studies on extreme temperature and
rainfall in Nigeria (Ahmed et al.,, 2024a; Isa et al., 2023),
which is why it was adopted in this study. Check Swart et
al. (2019) for comprehensive documentation on CanESMS5.
The data collected from NiMet (Table 1) were used to
downscale and correct bias in the downloaded CMIP6
(CanESM5) (Table 2).

Station State WMO 1L.D Latitude Longitude Elevation

Kano Kano 65046 12.03 8.32 476
Table 2: Characteristics of CMIP6 GCM

CMIP6 GCM Modelling Institution Resolution

CanESM5 Canadian Earth System Model 2.8125° x 2.8125°

2.3 Downscaling

This research used the statistical downscaling technique
using SDSM, which was developed by Wilby et al. (2002).
A variety of meteorological and hydrological
assessments, as well as locations globally, including
Africa, North America, Europe, and Asia, have used the
SDSM downscaling method (Wilby & Dawson, 2007). The
SDSM is a coupling of the stochastic weather generator
and the regression algorithm. Three predictands
(maximum temperature, minimum temperature, and
rainfall) were considered against 23 standardized
National Centre of Environmental Prediction (NCEP)
predictors. Using partial correlation, seven predictors
with the strongest correlation were selected to calibrate

the model for downscaling the rainfall, maximum, and
minimum temperature. The seven selected predictands
(Table 3) were applied along with the set of predictors,
which are rainfall, maximum temperature, and minimum
temperature variables, to compute the parameters of
multiple regression equations, using an optimization
algorithm (Wilby & Dawson, 2007). Rainfall is a
conditional process and was projected by a stochastic
weather generator conditioned on the predictor variables,
while an unconditional process was used for temperature.
The precipitation dataset is not generally normalized, and
due to the skewed nature of its distribution, the fourth
root transformation was applied.

Table 3: List of 7 predictors selected for model calibration and their partial correlation

S/no Max Temp Min Temp Rainfall
1 Mslp (-0.347) Mslp (-0.195) Mslp (0.068)
2 pl.v (0.138) plu (-0.115) plz (0.060)
3 plz (-0.164) plz (0.055) p5_u (-0.082)
4 p500 (0.086) p500 (0.077) p500 (-0.080)
5 p8_u (-0.071) p850 (0.112) p8_u (0.131)
6 p850 (0.171) Shum (0.272) Prcp (-0.062)
7 Temp (0.333) Temp (0.513) s500 (0.081)
Model Type Daily Model; Daily Model; Daily Model;
Linear model; Linear model; Fourth root
unconditional unconditional transformation;
process process conditional process

Using the selected 7 observed NCEP atmospheric
predictor variables (Table 3), an ensemble of synthetic
daily weather series was generated. The weather
generation procedure enables the verification of
calibrated models (using independent data) and the
synthesis of artificial time series for present climate
conditions (Wilby & Dawson, 2007). The output of the
calibrated model was used to generate a scenario for the

future period of 2024-2099.

2.4 Bias Correction

The downscaling process is usually associated with
systematic errors (Rahman et al., 2022). It is essential to use
appropriate and suitable bias correction techniques in
climate change impact studies to remove bias from the



input data. Distribution mapping (DM) was found to be
the most effective bias reduction technique by
Teutschbein and Seibert (2012) after evaluating several
approaches. It has the smallest variability ranges, corrects
for the majority of statistical parameters, and has the best
ensemble mean fit (Teutschbein & Seibert, 2012).
Additional correction to high values in the distribution's
tails is provided via distribution mapping (McGinnis &
Mearns, 2017). The RCM simulations can be adjusted to
observed values using the size and shape parameters
available in the DM approach at all quantiles (Tefera et
al.,, 2023). Studies conducted recently have demonstrated
that power transformation (PT) outperforms DM as a bias
correction technique for rainfall. PT outperformed DM,
local intensity scaling, delta change (DC), and linear
scaling (LS) in the study by Gunavathi and Selvasidhu
(2021). When compared to DM, LS,
precipitation scaling, the PT bias correction improved
GCMs the most (Erkol & Cetinkaya, 2023). The mean and
standard deviation are constantly adjusted by the PT bias
correction method (Tumsa, 2022). According to
Teutschbein and Seibert (2012), the PT additionally
adjusts the coefficient of variation and percentiles. A
study by Noor et al. (2019) showed PT of rainfall
outperforming some quantile mapping methods, such as

and local

generalized and gamma quantile mapping (Noor et al.,
2019).

CMhyd software was used to carry out both PT and
DM bias correction techniques on the downscaled daily
rainfall and temperature (minimum and maximum),
respectively. CMhyd is a tool that can be used to extract
and bias-correct data obtained from global and regional
climate models. The tool is designed to provide simulated
climate data that can be considered representative of the
location of the gauges used in a model setup.
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2.5 Model Validation

To assess the accuracy of the downscaled rainfall,
maximum and minimum temperature of Kano State, and
also how effectively the bias correction techniques
employed performed, three metrics, including Correlation
Coefficient (R?), Root Mean Square Error (RMSE), and
Nash-Sutcliffe Efficiency (NSE), were considered. These
metrics have widely been used in previous studies (e.g,
Zehtabian et al., 2016; Noor et al.,, 2019; Gunavathi &
Selvasidhu, 2021; Tumsa, 2022; and Rahman et al., 2022).

2.6 Computation of Extreme Temperature and Rainfall
Indices

Out of the 27 temperature
precipitation extreme indices recommended by the
ETCCDI that

temperature and precipitation indices (Table 4) were

recommended and

characterize climate extremes, 26
selected based on relevance in the study area to
characterize the intensity and frequency of both extreme
temperature and precipitation indices. Several studies
have adapted some of these recommended indices to
study extreme rainfall and temperature in Nigeria (e.g.,
Abdussalam, 2015; Ahmad et al., 2025; Akande et al., 2017;
Gbode et al., 2019; Dike et al., 2020; Isa et al., 2023; Ahmed
et al.,, 2024a, among others).

The 26 climate extreme indices were
computed with RClimDex (1.0) software, an R-based
software package developed by ETCCDI. Using the
computed ETCCDI extremes, variability, and trends in the
absolute, thresholds of
precipitation and temperature indices in Kano State were
examined for the future period (2024-2099).

selected

duration, and extreme
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Table 4: List of the 26 extreme temperature and rainfall indices investigated in this study

ELEMENT ID INDICATOR NAME  DEFINITION UNITS
Temperature TX90p Warm Days Percentage of days when TX>90th percentile Days
TN90p Warm Nights Percentage of days when TN>90th percentile Days
TX10p Cool days Percentage of days when TX<10th percentile Days
TN10p Cool nights Percentage of days when TN<10th percentile Day
TMAXmean Mean Tmax The monthly mean value of daily max. temp. oC
TMINmran Mean Tmin The monthly mean value of daily min. temp. oC
TXx Max Tmax The monthly maximum value of daily max. temp. oC
TNx Max Tmin The monthly maximum value of daily min. temp. oC
TXn Min Tmax The monthly minimum value of daily max. temp. oC
TNn Min Tmin The monthly minimum value of daily min. temp. oC
DTR Diurnal temperature The monthly mean difference between TX and TN  2C
range
Su25 Summer days The number of days when TX > 25°C. Days
TR20 Tropical nights The number of days when TN > 20°C. Days
SuU38.99 Summer days The number of days when TX > 38.99°C. Days
TR25.31 Tropical nights The number of days when TN > 25.31°C. Days
Precipitation SDII Simple daily Annual total precipitation divided by the number Mm
intensity index of wet days (defined as PRCP>=1.0mm) in the
year.
RX1day Max 1-day Monthly max 1-day precipitation Mm
Precipitation
Amount
Rx5day Max 5-day Monthly max 5-day precipitation Mm
Precipitation
Amount
R95p Very wet days of Annual total precipitation due to wet days when Mm
precipitation RR > 95th percentile
R99p Extremely wet days  Annual total precipitation due to extremely wet Mm
of precipitation days when RR > 99th percentile
PRCPTOT Annual total wet day  Annual total PRCP in wet days (RR=21mm) Mm
precipitation
R8.754 Number of wet days  Annual count of days with 8.754 mm or more Days
precipitation
R10 Number of heavy Annual count of days when PRCP=210mm Days
precipitation days
R20 Number of very Annual count of days when PRCP=20mm Days
heavy precipitation
days
CDD Consecutive dry Maximum number of consecutive days with Days
days RR<1mm
CWD Consecutive wet Maximum number of consecutive days with Days

days

RR=1mm

2.7 Coefficient of Variance (CV)

To compute the variability of extreme rainfall and
temperature indices in Kano State, the Coefficient of
Variance (CV) was used. CV statistically measures the
dispersion of data points in a data series around the
mean. The CV is the ratio of the standard deviation to the
mean and is a valuable statistic for comparing variation
across data series (Abubakar et al., 2024). The higher the
coefficient of variation, the greater the level of dispersion
around the mean. According to Haruna et al. (2025), CV
< or = 0.1 shows low variability, CV < or = 0.4 and > 0.1
shows moderate variability, while a CV >0.4 shows high
variability.

Where CV is the coefficient of variation, STDev is the
Standard Deviation, and Mean is the Average.

2.8 Modified Mann-Kendall (MMK) Trend Test

To examine the direction and significance of the trend in
climate indices, the Modified Mann-Kendall (MMK)
trend test was employed. The MMK test statistically
assesses if there is a monotonic upward or downward
trend of the variable of interest over time. The partial and



auto correlations that exist in the dataset are minimized
automatically by this test (Isa et al., 2023). The
significance of the trend was tested at 5% levels. The
MMK trend test was performed by computing the
statistic using the following equation:

n-1 n-1
S = Z Z sign(yj — yi)
i=1 j=i+1
where
+1ify >0
signfyj —yi} = { 0ifj =0 ¢ y={yj—yi}
—~1ifj <0

sign (yj — yi) equal to +1, 0, or-1 when S is a large positive
number. Later measured values tend to be greater than
earlier measured values, and a positive (upward) trend is
indicated. When S is a large negative number, the earlier
value tends to exceed the later value, and a negative
(downward) trend is indicated. If the absolute value of S
is small, no trend is indicated. The statistics (Kendall’s tau

b) were determined using the equation below:
S

t= nn—1)/2

T is the time trend coefficient and has a range of-1 to 1,
analogous to the correlation coefficient in regression
analysis. The significance level of the trend for a two-
sided test was determined with the test statistic Z:

s+1
Jvar(s)
0ifs=0
s—1

Jvar(s)

where the variance of the test statistic is:

ifs>0
7=
ifs<0

var(s) = %gn(n —1)(2n+5)

Hamed and Rao (1998) modified the equation above in
order to handle the presence of autocorrelation in the
time series of most meteorological data. The modified
equation is given below:
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n

V(S = var(s).ni = 1—18n(n —1)(2n +5). e

nt
s

where n represents a correction due to the autocorrelation
in the data and is given by the empirical expression:

i _ 2 7‘1_1 o o o
e 1+ DD Xyrin—-imn—-i—-Dn-i
2)ps(i)

where s (i) is the autocorrelation function of the ranks of
the data. The Vvar(s) were replaced by VVx(s). The trend is
statistically significant if the p-value of the test is less than
or equal to a (0.05). The MK test was carried out using
Excel.

2.9 Future Trend and Variability of Climate Indices (2024-
2099)

To determine the future trend and variability of climate
indices in Kano State, the four future SSP emission
scenarios generated during downscaling were subjected
to the MMK trend test and CV analysis. These two
analyses were both carried out separately on each of the
four SSP future scenarios. The aim of this is to see how the
climate indices vary with each future SSP scenario.
Furthermore, each of the four future SSP scenarios was
further sliced into three time slices: near future (2024-
2049), mid future (2050-2074), and far future (2075-2099).
This slicing aimed to see the temporal variation of changes
in climate indices within each of the four SSP future
scenarios.

3 Results

From Figure 2, the simulated values of temperature
(minimum and maximum) are good and quite
representative of the observed values of temperature
(minimum and maximum). However, large discrepancies
exist in the simulated values of rainfall, particularly in
January, February, March, November, and December. This
result can be explained by the fact that rainfall is affected
by several factors, making it conditional, while the
temperature is unconditional and not affected by so many
factors. The findings here agree with the study of
Zehtabiana et al. (2016) and Isa et al. (2023).
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Figure 2: Observed and simulated monthly values of mean maximum and minimum temperature, and rainfall total.

3.1 Model Validation

Table 5 revealed that before bias correction, rainfall had
the highest RMSE of 1.299021, while maximum and
minimum temperature had an RMSE of 0.860281 and
0.372766, respectively (Table 3). Rainfall had the lowest
NSE of -0.4065, while maximum and minimum
temperature had an NSE of 0.76693 and 0.745693,
respectively. Rainfall also had the lowest R? of 0.2642,

while maximum and minimum temperature had an R? of
0.8882 and 0.8082. Overall, the model performed better in
downscaling minimum and maximum temperature,
compared to rainfall. This result can be explained by the
fact that rainfall is affected by several factors, making it
conditional, while temperature is unconditional and not
affected by so many factors. The findings here agree with
the study of Zehtabiana et al. (2016) and Isa et al. (2023).

Table 5: Accuracy assessment before and after bias correction of downscaled rainfall, minimum, and maximum

temperature.

Before Bias Correction After Bias Correction
Assessment Rainfall Max Temp Min Temp Rainfall Max Temp Min Temp
Metric
RMSE 1.299021 0.860281 0.372766 0.0997 0.008805 0.06501
R2 0.2642 0.8882 0.8082 0.9993 0.9996 0.9996
NSE -0.4065 0.76693 0.745693 0.998887 0.999533 0.998802

After bias correcting the downscaled rainfall and
maximum and minimum temperature, there were huge
improvements in all assessment metrics considered. The
RMSE of rainfall improved from 1.299021 to 0.0997. For
maximum and minimum temperature, the RMSE
improved from 0.860281 and 0.372766 before bias
correction to 0.008805 and 0.06501, respectively, after bias
correction. R? also improved from 0.2642 to 0.9993 after
applying PT bias correction. For NSE, rainfall had an
initial value of -0.4065, but after bias correction, it
improved massively to 0.998887. The NSE of maximum
and minimum temperature improved from 0.76693 and
0.745693 before bias correction, to 0.999533 and 0.998802,
respectively, after bias correction. The R2 of maximum
and minimum temperature also improved from 0.8882
and 0.8082 to 0.9996 and 0.9996 after bias correcting with
DM.

The accuracy assessment before and after bias
correction clearly showed that PT is excellent in
correcting bias in rainfall, while DM is very good in bias-

correcting temperature. These findings are similar to the
studies of Teutschbein and Seibert (2012), Noor et al.
(2019), Gunavathi and Selvasidhu (2021), Erkol and
Cetinkaya (2023). Also, the accuracy assessment indicated
that the model generated is very skillful and can be used
in predicting the climatic conditions of Kano State.
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3.2 Future Trend and Variability of Extreme Rainfall

Table 6: Future trend (SSP 1-2.6), Sen’s slope estimates, and CV of extreme rainfall indices in Kano State, Nigeria,

between 2024-2099

SSP 1-2.6 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme I.D Trend Sen’s Ccv Trend Sen’s cv Trend Sen’s Ccv
Slope Slope Slope
Rainfall CDD -0.040 -0.059 8% -0.010 0.000 11% 0.151 0.500 11%
CWD 0.036 0.000 36% 0.000 0.000 30% 0.007 0.000 29%
PRCP TOT 0.206 6.606 21%  -0.020 -1.814 23% 0.093 3.122 19%
R8.754 (Rnn) 0.091 0.143 19% -0.044 -0.117 19% 0.377 0.375 17%
R10 0.104 0.154 19% -0.027  0.000 22% 0.361 0.412 18%
R20 0.224 0.188 25%  -0.153 -0.125 26% 0.126 0.054 23%
R95p 0.052 1.450 63%  0.093 3.997 58% -0.120 -3.146 44%
R99p 0.131 0.000 33% 0.083 0.000 126% -0.011 0.000 102%
RX1day 0.022 0.142 34%  0.087 0.629 33% 0.127 0.945 28%
RX5day 0.022 0.253 27%  0.067 0.722 31% 0.080 1.000 32%
SDII 0.158 0.069 20% -0.057  -0.033 20% 0.117 0.045 14%

Values for trends significant at the 5% level are shown in italics and boldface.

Table 7: Future trend (SSP 2-4.5), Sen’s slope estimates, and CV of extreme rainfall indices in Kano State, Nigeria
between 2024 and 2099.
SSP 2-4.5 EMISSION SCENARIO
2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme LD Trend Sen’s Ccv Trend Sen’s Cv Trend Sen’s Ccv
Slope Slope Slope
Rainfall CDD 0.332 1.300 11% -0.023 -0.069 14%  -0.092 -0.150 9%
CWD 0.146 0.000 27% -0.142 -0.063 41%  0.145 0.063 27%
PRCP TOT 0.077 5.030 22% -0.247 -11.455 22%  0.100 7.557 20%
R8.754 (Rnn) -0.075 -0.083 17% -0.290 -0.304 18%  0.181 0.200 17%
R10 -0.053 -0.050 18% -0.276 -0.250 19%  0.198 0.255 17%
R20 0.028 0.000 30% -0.298 -0.300 29%  0.179 0.167 24%
R95p 0.151 6.480 64% -0.187 -7.487 43%  0.057 3.030 61%
R99p 0.167 0.000 134%  -0.307 -4.638 96% 0.112 0.000 139%
RX1day 0.136 0.913 35% -0.320 -1.972 26%  0.120 1.125 30%
RX5day 0.114 1.110 32% -0.273 -3.196 25%  0.093 0.665 33%
SDII 0.142 0.095 20% -0.340 -0.190 19% 0.164 0.087 17%

Values for trends significant at the 5% level are shown in italics and boldface.
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Table 8: Future trends (SSP 3-7.0), Sen’s slope estimates, and CVs of extreme rainfall indices in Kano State, Nigeria,
between 2024 and 2099
SSP 3-7.0 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme I.D Trend Sen’s Ccv Trend Sen’s Ccv Trend Sen’s Ccv
Slope Slope Slope
Rainfall CDD -0.133  -0438 14% -0.030  -0.075 8% 0.040 0.136 7%
CWD -0.289  -0.095 27% 0.010 0.000 51% 0.185 0.063 24%

PRCP TOT 0.102 3.919 16% -0.180  -7.168 22% -0.104 -3.590 18%
R8.754(Rnn) -0.006  0.000 17% -0.118  -0.125 20% -0.086 -0.074 19%

R10 0.000 0.000 18% -0.170  -0.125 20% -0.075 -0.087 19%
R20 0.023 0.000 26% -0.171  -0.074 25% -0.048 0.000 24%
R95p 0.151 5.450 46% -0.180  -5.156 60% -0.213 -5.207 46%
R99p 0.196 0.000 109%  -0.226  0.000 117%  0.007 0.000 100%
RX1day 0.182 1.985 34% -0.207  -1.609 27% -0.107 -0.672 28%
RX5day 0.034 0.667 30% -0.353  -3.419 32% -0.373 -2.425 22%
SDII 0.052 0.025 15% -0.329  -0.143 17% -0.234 -0.128 15%

Values for trends significant at the 5% level are shown in italics and boldface.

Table 9: Future trends (SSP 5-8.5), Sen’s slope estimates, and CVs of extreme rainfall indices in Kano State, Nigeria,
between 2024 and 2099
SSP 5-8.5 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(Near Future) (Mid Future) (Far Future)
Element Extreme I.D Trend Sen’s cv Trend Sen’s Ccv Trend Sen’s Ccv
Slope Slope Slope
Rainfall CDD 0.034  0.167 13% 0.074 0.205 10% -0.105 -0.177 11%
CWD 0.046  0.000 26% -0.180  -0.077  38% 0.025 0.000 37%
PRCP TOT 0.145  6.029 19% -0.127  -3.782  21% -0.267 -13.63 29%
R 8.754(Rnn) 0.278  0.263 16% -0.282  -0297 17% -0.147 -0.162 24%
R10 0.295  0.300 17% -0.250 -0.214 18% -0.105 -0.143 27%
R20 0.048  0.000 20% -0.097  -0.069 24% -0.122 -0.134 36%
R95p -0.052  -1.186 52% 0.067 2.248 66% -0.293 -11.181 60%
R99p 0.052  0.000 122%  -0.004  0.000 144%  -0.505 -11.626 123%
RX1day 0.169  0.984 28% 0.033 0.238 34% -0.360 -2.577 30%
RX5day 0.151 1.187 31% 0.067 0.709 30% -0.333 -3.338 33%
SDII 0.019  0.008 15% 0.054 0.021 18% -0.235 -0.150 22%

Values for trends significant at the 5% level are shown in italics and boldface.
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3.3 Future Trend and Variability of Temperature Indices
in Kano State

Table 10: Future trends (SSP 1-2.6), Sen’s slope estimate, and CVs of extreme temperature indices in Kano State,
Nigeria, between 2024 and 2099.
SSP 1-2.6 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme LD Trend Sen’s Ccv Trend Sen’s Ccv Trend Sen’s Ccv
Slope Slope Slope
Temperature  DTR 0.315 0.013 2% 0.396 0.016 2% 0.327 0.015 2%
SU25 0.164 0.067 1% 0.208 0.100 1% -0.086 -0.049 1%
SU38.99 0.248 0.350 17%  0.058 0.053 13%  -0.102 -0.158 14%
TMAXmean 0.328 0.013 1% 0.171 0.006 1% 0.114 0.004 1%
TMINmean -0.012 0.000 1% -0.261 -0.010 1% -0.392 -0.013 1%
TN10p -0.086 -0.043 27%  0.197 0.064 23%  0.513 0.241 25%
TN90p -0.253 -0.079 19%  -0.204 -0.106 28%  0.073 0.027 25%
TNn -0.170  -0.015 4% -0.087  -0.010 5% -0.100 -0.004 4%
TNx -0.062 -0.009 3% -0.017 -0.002 2% -0.213 -0.028 2%
TR20 -0.091 -0.176 4% -0.297 -0.517 5% -0.213 -0.429 5%
TR25.31 0.147 0.143 14% -0.063 0.000 15% -0.277 -0.250 13%
TX10p -0.370 -0.189 27%  -0.080 -0.051 21%  0.440 0.226 24%
TX90p -0.160 -0.052 19%  -0.097 -0.032 16%  0.500 0.212 22%
TXn 0.126 0.040 7% -0.193 -0.041 5% -0.010 -0.003 5%
TXx 0.378 0.096 3% 0.220 0.070 3% -0.093 -0.027 4%

Values for trends significant at the 5% level are shown in italics and boldface.

Table 11: Future trends (SSP 2-4.5), Sen’s slope estimate, and CVs of extreme temperature indices in Kano State,
Nigeria, between 2024 and 2099
SSP 2-4.5 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme 1.D Trend Sen’s Ccv Trend Sen’s Ccv Trend Sen’s Ccv
Slope Slope Slope
Temperature DTR 0.433 0.017 1% 0.273 0.013 2% 0.221 0.008 1%
SuU25 -0.284 -0.143 1% 0.000 0.000 1% -0.028 0.000 1%
SU38.99 0.445 0.583 17% 0.222 0.240 12% 0.296 0.250 10%
TMAXmean 0.228 0.006 1% 0.017 0.001 1% 0.014 0.000 1%
TMINmean -0.303 -0.010 1% -0.151  -0.010 1% -0.117 -0.007 1%
TN10p -0.015  -0.020 23% 0.057 0.039 26% 0.493 0.214 22%
TN90p -0.308 -0.200 27% -0.200  -0.091 28% 0.230 0.096 26%
TNn -0.102  -0.009 5% -0.215 -0.013 4% -0.137 -0.013 8%
TNx 0.111 0.017 3% 0.054 0.009 2% -0.187  -0.019 2%
TR20 -0.368 -0.714 5% -0.229  -0.600 6% -0.124 -0290 5%
TR25.31 0.160 0.227 19% 0.163 0.182 13% 0.052 0.000 9%
TX10p -0.290 -0.103 22% -0.080  -0.036 22% 0.451 0.183 19%
TX90p 0.071 0.015 18% 0.140 0.047 20% 0.393 0.180 23%
TXn -0.197  -0.050 6% 0.007 0.000 5% -0.020 -0.005 5%
TXx 0.117 0.035 4% 0.000 -0.001 3% -0.007 -0.001 4%

Values for trends significant at the 5% level are shown in italics and boldface.
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Table 12: Future trends (SSP 3-7.0), Sen’s slope estimate, and CVs of extreme temperature indices in Kano State,
Nigeria between 2024 and 2099
SSP 3-7.0 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme I.D Trend Sen’s CV  Trend Sen’s CV  Trend Sen’s Ccv
Slope Slope Slope
Temperature DTR 0.210 0.006 1% 0.218 0.008 1% 0.461 0.019 2%
SU25 0.055 0.000 1% -0.210 -0.100 1% -0.010  0.000 1%
SU38.99 0.060 0.059 14%  0.245 0.218 13%  0.206 0.207 9%
TMAXmean 0.165 0.004 1% 0.283 0.009 1% 0.027 0.001 1%
TMINmean -0.102 -0.005 1% 0.000 0.000 1% -0483 -0.019 1%
TN10p -0.074  -0.034 30% -0.140 -0.045 21% 0.613 0.396 26%
TN90p -0.166  -0.064 19% -0.003 -0.002 14% -0.047 -0.013 28%
TNn -0.009 -0.001 7% -0.037  -0.004 5% -0.200  -0.022  16%
TNx -0.065 -0.009 2% -0.003  0.000 2% 0.063 0.005 2%
TR20 -0.009 0.000 5% -0.276  -0.598 4% -0.283  -0406 5%
TR25.31 -0.010 0.000 15% 0.212 0.182 12% -0.024  0.000 11%
TX10p -0.145 -0.052  21% -0.187  -0.066 17% 0.564 0.232 20%
TX90p -0.095 -0.047 18% 0.177 0.074 19% 0.421 0.183 21%
TXn -0.058 -0.015 5% -0.167  -0.031 6% 0.113 0.014 5%
TXx 0.132 0.045 3% 0.087 0.023 3% 0.187 0.050 3%

Values for trends significant at the 5% level are italicised and shown in boldface.

Table 13: Future trends (SSP 5-8.5), Sen’s slope estimates, and CVs of extreme temperature indices in Kano State,
Nigeria, between 2024 and 2099
SSP 5-8.5 EMISSION SCENARIO

2024-2049 2050-2074 2075-2099
(near future) (mid future) (far future)
Element Extreme I.D Trend  Sen's Ccv Trend  Sen’s CV  Trend Sen’s Ccv
Slope Slope Slope
Temperature DTR 0.359 0.017 2% 0.334 0.014 2% 0.508 0.019 1%
SU25 -0.100  0.000 1% -0.145  -0.095 1% -0.081  0.000 1%
SU38.99 0.223 0.300 16%  0.195 0.179 10% 0.276 0.223 9%

TMAXmean 0.040 0.001 1% 0.227 0.007 1% 0.178 0.006 1%
TMINmean -0.337  -0.014 1% -0.124  -0.005 1% -0.300 -0.012 2%

TN10p 0.255 0.099 23%  -0.020 -0.006 21% 0.493 0.231 20%
TN90p -0.366  -0210 24% -0.107 -0.026  19% 0.087 0.029 21%
TNn -0.269  -0.023 6% 0.083 0.004 3% -0.154  -0.018 7%
TNx -0.117  -0.026 4% 0.268 0.032 2% -0.094 -0.010 2%
TR20 -0.150  -0.222 4% -0.163  -0.257 4% -0.341 -0517 4%
TR25.31 -0.060  -0.045 12%  0.132 0.091 9% -0.038  0.000 12%
TX10p -0.132  -0.073  23% -0.047 -0.012 19% 0.364 0.158 21%
TX90p -0.212  -0.103  22%  0.137 0.037 15%  0.497 0.199 22%
TXn 0.003 0.000 4% -0.020  -0.005 6% 0.007 0.003 6%
TXx 0.043 0.013 4% 0.340 0.124 4% 0.180 0.044 3%

Values for trends significant at the 5% level are shown in italics and boldface.



4 Discussion

Rainfall indices show little coherence in the future period
for all SSP scenarios (Tables 6, 7, 8, and 9). Consecutive
Dry Days (CDD) only showed a significant trend with an
increase of 1.300 days per year in the near future under
SSP 2-4.5. The number of days with rain above 8.754mm
(R8.754) indicates a significant increase of 0.375 days per
year in the far future under the SSP 1-2.6 scenario, but a
significant negative trend with a decrease of 0.304 days
per year in the mid-future under SSP 2-4.5. The number
of heavy precipitation days (R10) indicated a signal of a
significant increase of 0.412 days per year in the far future
under SSP 1-2.6 and 0.300 days in the near future under
SSP 5-8.5, but a significant decrease of 0.214 days per year
in mid-future under SSP 5-8.5. The number of very heavy
precipitation days (R20) indicates a significant decrease
of -0.300 days per year in the mid-future under SSP 2-4.5.
Total precipitation due to extremely wet days (R99p)
shows a significant decrease of 4.638 mm per year in the
mid-future under SSP 2-4.5, and also a significant
decrease of -11.626 per year in the far future under SSP 5-
8.5. Total precipitation due to very wet days (R95p)
shows a significant decrease of -11.181 mm per year in the
far future under SSP 5-8.5. Max 1-day precipitation
amount (RX1day) shows a significant decrease of 1.972
mm per year in the mid-future under SSP2-4.5, and also a
significant decrease of 2.577 mm per year in the far future
under SSP 5-8.5. Max 5-day precipitation (RX5day)
indicates a significant decrease in the mid and far future
under SSP 3-7.0, with a decrease of 3.419 mm and 2.425
mm per year, respectively. Max 5-day precipitation
(RX5day) also indicates a significant decrease of 3.338
mm per year in the far future under SSP 5-8.5. The Simple
Daily Intensity Index (SDII) indicates a significant
decrease of 0.190 mm/day and 0.143 mm/day per year in
the mid-future under SSP 2-45 and SSP 3-7.0,
respectively.

In general, rainfall indices showed few significant
trends, mostly negative. The PRCP TOT and CWD
indices both showed a negative, insignificant trend. The
negative trend in rainfall indices can be explained by the
decreasing total rainfall in the study area. A decrease in
rainfall can impact agriculture and also surface and
groundwater recharge. Agriculture in Kano State is
mostly rain-fed and will therefore be impacted by a
decrease in total rainfall. Additionally, rainfall indices
showed moderate variability for all future time slices
under all emission scenarios, except for R95p and R99p,
which indicated a high variability. The results of this
study are consistent with previous studies conducted on
extreme rainfall indices in Nigeria. Abiodun et al. (2012)
predicted a decrease in rainfall across Northern Nigeria.
Abdussalam (2015) demonstrated that rainfall in North
West Nigeria and Kano State has high interannual
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variability and less significant trends. Ismail et al. (2019)
showed that rainfall in the savannah zone of Nigeria and
Kano State has moderate variability. Isa et al. (2023) found
insignificant negative trends in rainfall indices of the
Kaduna River Basin.

A study by Gbode et al. (2019) revealed that the three
climatic zones of Nigeria are characterized by high
variability. A moderate to high variability of extreme
rainfall indices can cause water resource management to
become uncertain, making it difficult to ensure a reliable
supply of water to meet both human and ecosystem
demands. High variability of extreme rainfall indices in
Kano State can also lead to incidents of both drought and
flood, which can be devastating. In addition, Northwest
Nigeria and Kano State are highly susceptible to climate
extremes because of their socioeconomic and physical
characteristics, including endemic poverty and a high rate
of population growth. Droughts and floods are two critical
issues that exacerbate the already tense water resources
management worldwide (Salihu et al., 2020). Extreme
rainfall can cause flooding, which can lead to water-
related infectious diseases such as cholera and typhoid if
the floodwater becomes polluted with wastes from
humans and animals (Abdussalam, 2015). Diseases such
as typhoid and cholera can have severe and even fatal
consequences if left untreated. On the other hand, drought
can impact food security and put a strain on water
resources (Abdussalam, 2015). Lack of sufficient access to
water resources can result in food prices rising sharply,
livestock dying, crops failing, and general economic
instability. This will be detrimental to the development of
Kano State and Nigeria at large.

The results for the future period indicate a statistically
significant trend in temperature indices that corresponds
with a cooling trend in Kano State (Tables 10, 11, 12, and
13). The Diurnal Temperature Range (DTR) is expected to
increase significantly for all future scenarios. Under SSP 1-
2.6, DTR shows a significant increase of 0.013 °C, 0.016 °C,
and 0.015 °C in the near, mid, and far future per year,
respectively. Under SSP 2-4.5, DTR only shows a
significant increase in the near future, with an increase of
0.017 °C per year. Under SSP 3-7.0, DTR indicates a
significant increase of 0.006 °C and 0.019 °C per year in the
near and far future, respectively. For SSP 5-8.5, DTR
indicates a significant increase of 0.017 °C, 0.014 °C, and
0.019 °C per year in the near, mid, and far future,
respectively. This result supports the findings of Gbode et
al. (2019), which reported a significant increase in DTR
across the Sahel zone of Nigeria. The monthly mean value
of maximum temperature (TMAXmean)
significant increase of 0.013 °C per year in the near future

shows a

under SSP 1-2.6. Monthly mean value of minimum
temperature (TMINmean), on the other hand, shows a
significant decrease of -0.013 °C per year in the far future
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under SSP 1-2.6. TMINmean also showed a significant
decrease of 0.010 °C per year in the near future under SSP
2-4.5, a significant decrease of 0.019 °C per year in the far
future under SSP 3-7.0, and a significant decrease of 0.014
°C and 0.012 °C per year in the near and far future,
respectively, under SSP 5-8.5. Trends in the monthly
minimum value of daily minimum temp (TNn) indicate a
decrease of 0.013 °C per year in the mid-future under SSP
2-4.5. The monthly maximum value of minimum
temperature (TNx) indicates a significant decrease of
0.028 °C per year and 0.019 °C per year in the far future
under SSP 1-2.6 and SSP 2-4.5, respectively. Monthly
maximum value of maximum temperature (TXx)
indicates a significant increase of 0.096 °C per year in the
near future under SSP 1-2.6, a significant increase of 0.050
°C per year in the far future under SSP 3-7.0, and a
significant increase of 0.124 °C per year in the mid-future
under SSP 5-8.5. The increase in DTR can be explained by
the increase in both TMAXmean and TXx, and a
simultaneous decrease in both TNn and TMINmean.

Cool Nights (TN10p) indicate a significant increase of
0.064 days and 0.241 days per year in the mid and far
future respectively under SSP 1-2.6, a significant increase
of 0.214 days per year in the far future under SSP 2-4.5, a
significant increase of 0.396 days per year in the far future
under SSP 3-7.0, and a significant increase of 0.231 days
in the far future under SSP 5-8.5. Warm Nights (TN90p)
show a significant decrease of 0.079 days per year in the
near future under SSP 1-2.6, a significant decrease of 0.200
days per year in the near future under SSP2-4.5, and a
significant decrease of 0.210 days per year in the near
future under SSP 5-8.5. Tropical Nights (TR20) indicate a
significant decrease of 0.517 days per year in the mid-
future under SSP 1-2.6, a significant decrease of 0.714
days in the near future under SSP 2-4.5, a significant
decrease of 0.598 days per year in the mid-future under
SSP 3-7.0, and a decrease of 0.517 days per year in the far
future under SSP 5-8.5. These results clearly indicate a
future nighttime cooling in the study area. Gbode et al.
(2019) also reported a decrease in warm nights and an
increase in cold nights across lkeja, Minna, Jos, Gombe,
and Maiduguri. This cooling trend can be explained by
night-time cloudless conditions, which mostly cause
strong radiative cooling.

Trends in Cool Days (TX10p) indicate a significant
increase and decrease in the future. The increase in TX10p
is in the far future, with expected increases of 0.226 days,
0.183 days, 0.232 days, and 0.158 days under SSP1-2.6,
SSP2-4.5, SSP 3-7.0, and SSP 5-8.5, respectively. The
decrease in TX10p is expected in the near future, with a
decrease of 0.189, 0.103, and 0.073 days under SSP 1-2.6,
SSP 2-4.5, and SSP 5-8.5, respectively. Trend in warm
days (TX90p) indicate a significant decrease of 0.052 days
in the near future under SSP 1-2.6, but a significant

increase in the far future, with an increase of 0.212, 0.180,
0.183, and 0.199 days per year expected under SSP 1-2.6,
SSP 2-4.5, SSP 3-7.0, and SSP 5-8.5, respectively. Summer
Days (SU25) indicate a significant decrease of 0.143 days
per year in the near future under SSP 2-4.5. SU38.99
indicates an increase of 0.583 days, 0.240 days, and 0.250
days per year in the near, mid, and far future, respectively.
These results indicate a tendency for a decrease in both
warm days and cold days in the near future, but an
increase in the two indices in the far future. This result is
consistent with the findings of previous studies. Abiodun
et al. (2012) reported an increase in extreme temperature
events across Nigeria. Abdussalam (2015), Abatan et al.
(2016), and Gbode et al. (2019) all reported an increase in
warm days in Kano State. The near-future decrease and a
far-future increase in both warm days and cold days in
this study can be explained by the moderate variability of
the two indices. It is worth noting that the increase in
TX10p is greater than that of TX90p. Additionally, the
increase in TN10p is greater than that of TX10p. These
findings are similar to the studies of Abatan et al. (2015)
and Abdussalam (2015), which reported that the increase
in cold nights is greater than the increase in cold days and
that trends in TN10p are typically stronger than those of
TX10p in Nigeria.

The trends in temperature indices correspond well
with a future increase in cold nights and a decrease in
warm nights. The trends in daytime are not as clear as
those in nighttime, with a tendency for increase and
decrease in both warm days and cold days in the near and
far future, respectively. The temperature trends also
correspond with an increasing maximum temperature
and decreasing minimum temperature, and consequently
an increase in diurnal temperature range in the future.
Heat events can result in increased deaths and emergency
hospital admissions, especially among vulnerable groups
such as elderly people, young children, and patients with
chronic  diseases  (Abdussalam, 2015). Extreme
temperatures could also result in adverse pregnancy
outcomes (Ahmed et al., 2024b). High temperatures and
heat events can also impact agriculture and increase
evaporation of surface water, thereby aggravating the
already tense situation of food security and water supply.
Generally, temperature indices show low variability for all
future periods, except for Cold Days (TX10p), Cold Nights
(TN10p), Warm Days (TX90p), and Warm Nights
(TN90p), which show moderate variability for all future
periods. The future nighttime cooling trend as reported in
this study may result in thermal discomfort for people in
the area, especially at night when the cooling is expected
to be more pronounced. Cool temperatures can increase
the risk of respiratory illnesses such as pneumonia and
bronchitis. The tendency for low temperatures to increase
could also put pressure on the energy sector, as low



temperatures create an increasing demand for heating,
which in turn drives energy demand (Amonkar et al.,
2023). The cooling trend also has implications for
agriculture, as cool temperatures can damage crops and
affect livestock, particularly if they are not adapted to
cooler All impact the
agricultural, energy, health, and water resource sectors of
Kano State and Nigeria at large.

temperatures. these will

5 Conclusion

The trend and variability of climate extremes in Kano
State for the future period (2024-2099) were examined
using CanESM5 from CMIP6. Overall, extreme rainfall
indices show moderate variability for the study period,
with the exception of R95p and R99p, which indicate high
variability. For extreme temperature indices, most exhibit
low variability; only TX90p, TX10p, TN10p, and TN90p
display moderate variability. Based on the analysis of
different SSP scenarios and various future periods, there
is a tendency for a future decrease in the intensity of
extreme rainfall, as well as variations in the frequency of
extreme rainfall indices. However, the signal for an
extreme

increase For

temperature indices, there will be a significant increase in

in frequency is stronger.

nighttime cooling; meanwhile, daytime temperatures
show signals of both warming and cooling in the future.
In general, rainfall indices showed fewer significant
trends compared to temperature indices, and most of the
changes in rainfall indices are negative.

Some limitations of this study include using only one
CMIP6 GCM (CanESMb). Future studies should include

several GCMs and take into account other extreme
weather events such as drought and heatwaves.

References

Abaje, 1. B,, Ndabula, C. Garba, A.H. (2014). Is the Changing
Rainfall Patterns of Kano State and Its Adverse Impacts An
Indication Of Climate Change? European Scientific Journal, 10
(2). e - ISSN 1857- 7431

Abaje, LB and Oladipo, E.O. (2019). Recent Changes in the
Temperature and Rainfall Conditions Over Kaduna State,
Nigeria. ~ Ghana Journal of Geography, 11 (2).
https://doi.org/10.4314/gjg.v11i2

Abatan, A. A., Abiodun, B. J., Lawal, K. A., and Gutowski Jr, W. J.
(2015). Trends in extreme temperature over Nigeria from
percentile-based threshold indices. Int. J. Climatol. 36. pp 2527-
2540. https://doi.org/10.1002/joc.4510

Abdussalam, A. F. (2015). Changes in Indices of Daily Temperature
and Precipitation Extremes in Northwest Nigeria. Science World
Journal, 10 2). [Online]. Available:
https://www.scienceworldjournal.org/article/view/15483

Abiodun, B. ], Lawal, K. A., Salami, A.T., and Abatan, A.A. (2012).
Potential influences of global warming on future climate and
extreme events in Nigeria. Reg Environ Change DOI
10.1007/s10113-012-0381-7.

Abubakar, M. L., Abdussalam, A. F., Isa, Z., Ahmed, M. S., Musa,
A. S, Birga, J., & Mohammed, I. (2025). Evaluation of temporal

Kaduna Journal of Geography ﬁ‘ 333

Nonetheless, the findings from this study emphasize the
importance of ongoing monitoring and research on local
and variability. This
information is essential developing
adaptation and mitigation strategies. Understanding the
trends and variability of extreme temperature and rainfall
indices is crucial for developing measures that will

and regional climate trends

for effective

enhance climate resilience and inform policy interventions
in the study area. This study recommends that strategies
be developed by the relevant authorities for managing
water resources and adapting to changes in rainfall
patterns. Farmers should also be encouraged to adopt
climate-resilient crop types, which will reduce the hazards
brought on by shifting rainfall patterns. Finally, the state
government should establish comprehensive climate
monitoring systems in Kano State to continuously collect
and analyze data on temperature and rainfall patterns.
This will improve the accuracy of climate models and
provide updated information for better forecasting and
planning.

convolutional networks and ensemble machine learning models
for meteorological drought prediction in the Nigerian Sudano-
Sahelian zone. Discover Environment, 3(1), 245.
https://doi.org/10.1007/s44274-025-00456-8

Abubakar, M. L., Abdussalam, A. F., Ahmed, M. S., & Wada, A. L.
(2024). Spatiotemporal variability of rainfall and drought
characterization in Kaduna, Nigeria. Discover Environment, 2(1),
72. https://doi.org/10.1007/s44274-024-00112-7

Adil, L., Eckstein, D., Kunzel, V., Schafer, L. (2025). Climate Risk
Index  2025. German  Watch. [Online].  Available:
https://www.germanwatch.org/sites/default/files/2025-
02/Climate%?20Risk%20Index%202025.pdf

Adeyeri, O.E., Lawin, A. E., Laux, P., Ishola, K.A., and Ige, S.O.
(2019). Analysis of Climate Extreme Indices over the Komadugu-
Yobe Basin, Lake Chad Region: Past and future occurrences.
Weather and Climate Extremes 23, 100194.
https://doi.org/10.1016/j.wace.2019.100194

Ahmad, M., Ahmed, A. M., Ariko, J. D., & Abdulkadir, H. (2025).
Trends of Extreme Temperature and Rainfall Using Innovative
Trend Analysis in Kaduna State, Nigeria. FUDMA Journal of
Sciences, 9(11), 407-420. https://doi.org/10.33003/fjs-2025-0911-
3983

Ahmed, M. S., Abdussalam, A. F., Abubakar, M. L., & Richifa, K. I.
(2024a). Trend and Variability of Extreme Climate Indices in Kano


https://doi.org/10.1016/j.wace.2019.100194

334 ® Ahmed et al. (2025)

State, Nigeria (1991-2023). 64th Annual Conference of the
Association of Nigerian Geographers (ANG), March 2025.
https://www.researchgate.net/publication/390093460_Trend_an
d_Variability_of_Extreme_Climate_Indices_in_Kano_State_Nig
eria_1991-2023

Ahmed, M. S., Abubakar, M. L., Lawal, A. I, & Richifa, K. I. (2024b).
Influence of extreme temperature on adverse pregnancy
outcomes in Kaduna State, Nigeria. Science World Journal, 19(2),
409-417. https://doi.org/10.4314/swj.v19i2.17

Akande, A., Costa, A. C., Mateu, J., and Henriques, R. (2017).
Geospatial Analysis of Extreme Weather Events in Nigeria
(1985-2015) Using Self-Organizing Maps. Advances in
Meteorology Vol. 2017, Article ID 8576150.
https://doi.org/10.1155/2017/8576150

Akatah, B. M., Onyeaka, H., Onungwe, 1., Akpan, P. P., Igulu, K. T,,
and Elenwa, E. P. (2025). Climate change-induced heatwaves in
Nigeria: Causes, challenges, and adaptive strategies. Journal of
Environmental Management, 394, 127433
https://doi.org/10.1016/j.jenvman.2025.127433

Amonkar, Y., Doss-Gollin, J., Farnham, D. J., Modi, V., and Lall, U.
(2023). Differential effects of climate change on average and peak
demand for heating and cooling across the contiguous USA.
Communications Earth & Environment, 4 (402) |
https://doi.org/10.1038/s43247-023-01048-1.
WWwWw.nature.com/commsenv.

Berry, H., Bowen, K., and Kjellstrom, T. (2010). Climate Change and
Mental Health: A Causal Pathways Framework. International
Journal of Public Health, 55, 123132.
https://doi.org/10.1007/s00038-009-0112-0

Chen, X,, Li, N,, Liu, J., Zhang, Z., Liu, Y., and Huang, C. (2020).
Changes in global and regional characteristics of heat stress
waves in the 21st century. Earth’s Future, 8 (11). https://doi.org/
10.1029/2020EF001636

Cramér, H. (1999). Mathematical Methods of Statistics (9th Ed).
Princeton University Press, US.

Dike, V. N., Lin, Z-H, and Ibe, C.C. (2020). Intensification of
Summer Rainfall Extremes over Nigeria during Recent Decades.
Atmosphere, 11, 1084. https://doi.org/10.3390/atmos11101084

Dike, V.N,, Lin, Z-H., Wang, Y., and Nnamchi, H. (2019). Observed
Trends in Diurnal Temperature Range Over Nigeria.
Atmospheric and Oceanic Science Letters, 12(2), 131-139, DOI:
10.1080/16742834.2019.1570688

Ebele, N. E., and Emodi, N. V. (2016). Climate Change and Its
Impact in Nigerian Economy. Journal of Scientific Research &
Reports, 10 (6), pp 1-13. https://doi.org/10.9734/J]SRR/2016/25162

Enete, I. C. (2014). Impacts of climate change on agricultural
production in Enugu State, Nigeria. Journal of Earth Science &
Climatic Change, 5 (9), 234. [Online]. Available:
https://www.omicsonline.org/openaccess/impacts-of-climate-
change-on-agricultural-production-in-enugu-state-nigeria-
21577617.1000234.php?aid=32633

Erkol, Z. I, & Cetinkaya, 1. D. (2023). Investigating the Role of Bias
Correction Methods and Climate Models on Water Budget of
Biiyiik Menderes Basin. Sakarya University Journal of Science,
27(5), 975-986. https://doi.org/10.16984/saufenbilder.1125240

Farooqui, Q. B. A. H. and Patil, L. G. (2021). Assessment of Climate
Change Impacts on Precipitation and Temperature Using SDSM
Based on CanESM2 Predictors for Nanded, Maharashtra, India.
International Research Journal of Engineering and Technology
(IRJET), 8 (8). e-ISSN: 2395-0056 Jun-15

Gbode, I. E., Adeyeri, O. E., Menang, K. P., Intsiful, ]. D. K., Ajayi,
V. O., Omotosho, J. A., Akinsanola, A. A. (2019). Observed
Changes in Climate Extremes in Nigeria. Meteorol Appl., 26. Pp

642-654. httpsL://doi.org/10.1002/met.1791

Gbode, LE., Akinsanola, A. A, and Ajayi, V.O. (2015). Recent
Changes of Some Observed Climate Extreme Events in Kano.
International Journal of Atmospheric Sciences, 2015, Article ID
298046. https://doi.org/10.1155/2015/298046

Gunavathi, S. and Selvasidhu, R. (2021). Assessment of Various Bias
Correction Methods on Precipitation of the Regional Climate
Model and Future Projection. ResearchSquare.
https://orcid.org/0000-0002-1635-8977.

Hamed, K. H., & Rao, A. R. (1998). A modified Mann-Kendall trend
test for autocorrelated data. Journal of Hydrology, 204(1-4), 182-
196. https://doi.org/10.1016/50022-1694(97)00125-X

Haruna, M., Muhammad, R. Z., & Abubakar, M. L. (2024).
Assessment of climate variability and meteorological drought in
Lere, Kaduna State, Nigeria. Science World Journal, 20(1), 78-88.
https://doi.org/10.4314/swj.v20i1.11

Handmer, J., Y. Honda, Z.W. Kundzewicz, N. Arnell, G. Benito, J.
Hatfield, L.F. Mohamed, P. Peduzzi, S. Wu, B. Sherstyukov, K.
Takahashi, and Yan, Z. (2012). Changes in Impacts of Climate
Extremes: human systems and ecosystems. In: Managing the
Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin,
D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K.
Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.). A Special
Report of Working Groups I and II of the Intergovernmental
Panel on Climate Change (IPCC). Cambridge University Press,
Cambridge, UK, and New York, NY, USA, pp. 231-290.

IPCC (2019). Summary for Policymakers. In: Climate Change and
Land: An IPCC Special Report On Climate Change,
Desertification, Land  Degradation, Sustainable  Land
Management, Food Security, And Greenhouse Gas Fluxes in
Terrestrial Ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V.
Masson-Delmotte, H.- O. Portner, D. C. Roberts, P. Zhai, R. Slade,
S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S.
Neogi, M. Pathak, ]J. Petzold, J. Portugal Pereira, P. Vyas, E.
Huntley, K. Kissick, M. Belkacemi, ]. Malley, (eds.)].

IPCC (2021). Summary for Policymakers. In: Climate Change 2021:
The Physical Science Basis. Contribution of Working Group I to
the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L.
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. L
Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K.
Maycock, T. Waterfield, O. Yelekgi, R. Yu and B. Zhou (eds.).
Cambridge University Press.

Isa, Z., Sawa, B. A., Abdussalam, A. F., Ibrahim, M., Babati, A., Baba,
B. M., Ugya, A. Y. (2023). Impact of climate change on climate
extreme indices in Kaduna River basin, Nigeria. Environmental
Science and Pollution Research. https://doi.org/10.1007/s11356-
023-27821-5

Ismail, M., Abdussalam, A. F., and Isa, Z. (2019). Spatial and
Temporal Variability of 40 Years Temperature and Precipitation
in the Savanna Region, Nigeria. FUDMA Journal of Science (FJS),
3(3), 1-11. [Online]. Available:
https://fjs.fudutsinma.edu.ng/index.php/fjs/article/view/1533

Iyakaremye, V., Zeng, G., Siebert, A., Yang, X. (2021). Contribution
of external forcings to the observed trend in surface temperature
over Africa during 1901-2014 and its future projection from
CMIP6 simulations. Atmos Res, 254.
https://doi.org/10.1016/j.atmos res. 2021. 105512

McGinnis, S. and Mearns, L. (2017). Bias-Correction of Extreme
Temperatures and Precipitation in NA-CORDEX Regional
Climate Model Output. National Center for Atmospheric
Research. GC53B1290. [Online]. Available:
https://n2t.org/ark:/85065/d702751z


http://www.nature.com/commsenv
https://www.omicsonline.org/openaccess/impacts-of-climate-change-on-agricultural-production-in-enugu-state-nigeria-21577617.1000234.php?aid=32633
https://www.omicsonline.org/openaccess/impacts-of-climate-change-on-agricultural-production-in-enugu-state-nigeria-21577617.1000234.php?aid=32633
https://www.omicsonline.org/openaccess/impacts-of-climate-change-on-agricultural-production-in-enugu-state-nigeria-21577617.1000234.php?aid=32633
https://orcid.org/0000-0002-1635-8977

Morrissey, S.A. and Reser, J.P. (2007). Natural disasters, climate
change, and mental health considerations for rural Australia.
Australian Journal of Rural Health, 15, pp 120-125.
https://doi.org/10.1111/j.1440-1584.2007.00865.x

National Population Commission Census. National Population
Commission (NPC) (2006) Nigeria National Census: Population
Distribution by Sex, State, LGAs and Senatorial District: 2006
Census Priority Tables (Vol. 3). [Online]. Available:
http://www.population.gov.ng/index.php/publication/140-
popn-distri-by-sex-state-jgas-and-senatorial-distr-2006

NEST (1991). Nigeria’s Threatened Environment: A National
Profile. Nigerian Environmental Study/Action Team (NEST). A
NEST Publication. Ibadan, Nigeria

Noor, M., Ismail, T., Shahid, S., Nashwan, M. S., and Ullah, S. (2019).
Development of multi-model ensemble for projection of extreme
rainfall events in Peninsular Malaysia. Hydrology Research, 50
(6). 1772-1788. https://iwaponline.com/hr/article-
pdf/50/6/1772/636044/nh0501772.pdf

Ogunrinde, A. T., Oguntundea, P. G., Akinwumijub, A. S., and
Fasinmirin, J. T. (2019). Analysis of recent changes in rainfall and
drought indices in Nigeria, 1981-2015. Hydrological Sciences
Journal, 64 (4), 1755-1768
https://doi.org/10.1080/02626667.2019.1673396

Olaniyi, O.A., Ojekunle, Z.0., and Amujo, B.T. (2013). Review of
Climate Change and Its Effect on Nigeria’s Ecosystem.
International Journal of African and Asian Studies - An Open
Access International Journal. [Online]. Available:
https://iiste.org/Journals/index.php/JAAS/article/view/9099/931
7

Onyekuru, A. N., and Marchant, R. (2014). Climate change impact
and adaptation pathways for forest-dependent livelihood
systems in Nigeria. African Journal of Agricultural Research, 9
(24), pp. 1819-1832. https://doi.org/10.5897/AJAR2013.8315

Rabanaque, M. P., Martinez-Fernandez, V., Calle, M., Benito, G.
(2021). Basin-wide hydromorphological analysis of ephemeral
streams using machine learning algorithms. Earth Surf Process
Landf. pg 1-17. https://doi.org/10.1002/esp.5250

Rahman, G., Rahman, A., Munawar, S.,, Moazzam, M. F. U,
Dawwod, M., Miandada, M., and Sanaullah Panezai, S. (2022).
Trend analysis of historical and future precipitation projections
over a diverse topographic region of Khyber Pakhtunkhwa using
SDSM. Journal of Water and Climate Change, 13 (11), 3792.
http://doi.org/10.2166/wcc.2022.160

Salihu, A. C., Abdulkadir, A., Nsofor, G. N., and Otache, M. Y.
(2020). Projected Extreme Rainfall Indices in Guinea and Sudano-
Sahelian Ecological Zones, Nigeria. International Journal of
Multidisciplinary Studies JMS), 7(1), 32-52.
https://doi.org/10.4038/ijms.v7i1.120

Sawa, B. A., Adebayo, A.A., and Bwala, A.A. (2014). Dynamics of
Hydrological Growing Season at Kano as Evidence of Climate
Change. Asian Journal of Agricultural Sciences, 6 (2), pp 75-78.
e-ISSN: 2041-3890. https://doi.org/10.19026/ajas.6.5306

Schoenau, G.J. and Kehrig, R. A. (1990). A method for calculating
degree-days to any base temperature. Energy Build. 14 (4), pp
299-302. http://dx.doi.org/10.1016/0378- 7788(90)90092-W.

Seneviratne, S.I, Zhang, X., Adnan, M., Badi, W., Dereczynski, C.,
Di Luca, A., Ghosh, S., Iskandar, 1., Kossin, J., Lewis, S., Otto,
F., Pinto, 1., Satoh, M., Vicente-Serrano, S.M., Wehner, M. and
Zhou, B. (2021) Weather and Climate Extreme Events in
a Changing Climate. In Climate Change 2021: The Physical
Science Basis. Contribution of Working Group Ito the Sixth
Assessment Report of the Intergovernmental Panel on Climate
Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors,
C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M.

Kaduna Journal of Geography & 335

Huang, K. Leitzell, E. Lonnoy, ].B.R. Matthews, T.K. Maycock, T.
Waterfield, O. Yelek¢i, R. Yu, and B. Zhou (eds.). Cambridge
University Press, Cambridge, United Kingdom, and New York,
NY, USA, pp. 1513-1766, d0i:10.1017/9781009157896.013.

Sennikovs, J., and Bethers, U. (2009). Statistical downscaling method
of regional climate model results for hydrological modelling. In:
Anderssen, R.S., Braddock, R.D., Newham, L.T.H. (Eds.), 18th
World IMACS Congress and MODSIMO9 International Congress
on Modelling and Simulation. Modelling and Simulation Society
of Australia and New Zealand and International Association for
Mathematics and Computers in Simulation, pp. 3962-3968

Swart, N. C., Cole, J. N. S., Kharin, V. V., Lazare, M., Scinocca, J. F.,
Gillett, N. P, Anstey, J., Arora, V., Christian, J. R,, and Hanna, S.
et al. (2019). The Canadian Earth System Model version 5
(CanESM5.0.3). Geoscientific Model Development: Discussions.
https://doi.org/10.5194/gmd-2019-177

Tefera, G. W., Dile, Y. T., & Ray, R. L. (2022). Evaluating the Impact
of Statistical Bias Correction on Climate Change Signal and
Extreme Indices in the Jemma Sub-Basin of Blue Nile Basin.
Sustainability, 15(13), 10513. https://doi.org/10.3390/su151310513

Teutschbein, C, and Seibert, J. (2012). Bias correction of regional
climate model simulations for hydrological climate-change
impact studies: Review and evaluation of different methods.
Journal of Hydrology 456457, PP 12-29.
http://dx.doi.org/10.1016/j.jhydrol.2012.05.052

ThisDay Newspaper, (2022). Flood kills 23, destroys 14,496 Farms in

Kano. Retrieved from
https://www.thisdaylive.com/index.php/2022/09/22/flood-kills-
23-destroys-14496-farms-in-kano-Kano?amp=1 on 24th

September, 2023 at 8:45 pm.

Thom, H.C.S. (1952). Seasonal degree-day statistics for the United
States. Mon. Weather Rev. 80 (9), pp 143-147.
http://dx.doi.org/10.1175/1520-0493(1952) 0802.0.CO;2.

Thom, H.C.S. (1954). The rational relationship between heating
degree days and temperature. Mon. Weather Rev. 82 (1), pp 1-6.
http://dx.doi.org/10.1175/1520- 0493(1954) 0822.0.CO;2

Tumsa, B. C. (2022). Performance assessment of six bias correction
methods using observed and RCM data at the upper Awash
basin, Oromia, Ethiopia. Journal of Water and Climate Change, 13
(2), 664. https://doi.org/10.2166/wcc.2021.181

UN, (2021). Why The Climate Crisis Is A Humanitarian Emergency.
UN Humanitarian In Climate Crisis. [Online]. Available:
https://unocha.exposure.co/why-the-climate-crisis-is-a-
humanitarian-emergency on 18th Sept. 2021

WBG (2020). Country Partnership Framework for the Federal
Republic of Nigeria for the Period FY21-FY25. [Online]. Available:
https://openknowledge.worldbank.org/handle/10986/35098

WBG (2021). Climate Risk Profile: Nigeria. Retrieved from
https://climateknowledgeportal. worldbank.org/country/nigeria/r
esources

Wilby, R. L., and Dawson, C. W. (2007). SDSM 4.2 — A decision
support tool for the assessment of regional climate change
impacts: User Manual. [Online]. Available:
https://sdsm.org.uk/SDSMManual.pdf

Wilby, R. L., Dawson, C. W., & Barrow, E. M. (2002). SDSM—a
decision support tool for the assessment of regional climate
change impacts. Environmental Modelling & Software, 17 (2), pp
145-157. https://doi.org/10.1016/S1364-8152(01)00060-3

Williams, J., Alizadeh, R., Allen, J., K., and Mistree, F. (2020). Using
network partitioning to design a green supply chain. Proc ASME
Des Eng Tech Conf 11B-2020. https://doi.org/10. 1115/ DETC2 020-
22644


http://dx.doi.org/10.1016/j.jhydrol.2012.05.052
https://www.thisdaylive.com/index.php/2022/09/22/flood-kills-23-destroys-14496-farms-in-kano-Kano?amp=1
https://www.thisdaylive.com/index.php/2022/09/22/flood-kills-23-destroys-14496-farms-in-kano-Kano?amp=1

336 @ Ahmed et al. (2025)
WMO (2021). WMO Atlas of Mortality and Economic Losses from
Weather, Climate, And Water Extremes (1970-2019). Chair,
Publications Board, Geneva 2, Switzerland. WMO-No. 1267.
ISBN: 978-92-63-11267-5. [Online]. Available:
https://digitallibrary.un.org/record/3939847/files/1267_Atlas_of
_Mortality_en-final_-_26-07-2021.pdf
Zehtabiana, Gh.R., Salajegheh, A., Malekiana, A., Boroomand, N.,
and Azareha, A. (2016). Evaluation and comparison of the
performance of SDSM and CLIMGEN models in the simulation
of climatic variables in the Qazvin plain. Desert 21 (2). Pp 147-

156. [Online]. Available: http://desert.ut.ac.ir
Zhao, T., Bennett, J]. C.,, Wang, Q. J., Schepen, A., Wood, A. W.,
Robertson, D. E., and Ramos, M.-H. (2017). "How suitable is
quantile mapping for postprocessing GCM precipitation
forecasts?" Journal of Climate, 30 (9), pp. 3185-3196.
https://doi.org/10.1175/JCLI-D-16-0652.1



