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Abstract: This study examined the characteristics of meteorological, agricultural and hydrological droughts, and their implications on 

agricultural planning and water resources management in Kaduna River Basin. To establish the extent of climate variability and drought, 
archival temperature, rainfall and streamflow data between 1990 and 2018 were sourced from Nigerian Meteorological Agency (NIMET), 

Nigeria Hydrological Services Agency (NIHSA), Kaduna State Water Board and Shiroro Hydro-Electric Power Station for ten 

hydrometeorological stations. Three drought indices (RDI, ASPI and SDI) were employed for the study and GIS technique was used to 
examine the spatial dimension of the droughts. Pearson Correlation Coefficient Analysis was used to examine the relationship among the 

three indices. The results of the study reveals the base year of 1998/1999 as common year of drought onset for the three drought types. The 
result also shows that moderate and mild droughts have the highest occurrence accounting for about 80% across the three indices. The 

result of the base year of 2006/2007 shows severity of meteorological, agricultural and hydrological droughts having -1.63, -1.76 and -1.5 

drought intensities respectively. In conclusion, this study showed there exists strong relationship among the drought types examined and 
also recommends adoption of improved crop varieties such as drought-resistant crops, early maturing crops enables farmers cope with 

rainfall variability, particularly drought occurrences.  
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INTRODUCTION 

Insufficient rainfall amounts in the northern 

Nigeria have been of great concern for most water 

resource managers, agricultural planners, 

government officials and other related 

stakeholders. Droughts are recurring climatic 

events, which often lead to significant water 

shortages, economic losses and adverse social 

consequences (Stahle et al., 2000). Dai (2011) 

classified drought into four main categories of 

meteorological or climatological drought, which is 

described as atmospheric conditions resulting to 

reduction or absence of rainfall; hydrological 

drought, which occurs due to depletion of 

streamflow and groundwater level; agricultural 

drought, regarded as the condition where plants 

and crop yields are significantly reduced due to 

frequent low rainfall events or excessive 

evapotranspiration conditions and  socioeconomic 

drought that is principally the adverse impact of 

the above three drought types (Hettinger, 2013). 

Wilhite and Glantz (1985) argued that drought is 

one of the costliest natural hazards with 

widespread impacts on water supply, agriculture, 

energy production, ecosystem, and society. It was 

reported that drought related disasters cause 

economic loss of $6–$8 billion annually (Pei et al., 

2019). Drought is a recurrent event in many parts 

of Africa, after the drought episodes of the early 

1970s that ravaged the Sahel region. It was 

revealed that there was about 40% decline in 

annual rainfall total in West Africa, from the year 

1968–1990 as against the condition between 1931 

and 1960 (Dai et al., 2004). Countries  of Southern 

Africa such as Malawi, Mozambique, Zambia and 

Zimbabwe are currently facing starvation among 

other challenges imposed by drought (GDACS, 

2020). 

In recent years, several scholars have examined 

some basic drought characteristics such as 

duration, onset, cessation, severity and intensity 

(Chen and Sun, 2015; Zhai et al., 2017; Ahmed et 

al., 2018; Tigkas et al., 2019). However, some vital 

drought characteristics are left unexamined such as 

magnitude, frequency, area extent and return 

period of drought events.  
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Studies at global scale had analyzed and established 

various links between two different  types of 

drought such as the link between meteorological 

and hydrological droughts (Vicente-Serrano and 

López-Moreno, 2005; Dai, 2011; Haslinger et al., 

2014; Li et al., 2020) as well as meteorological and 

agricultural droughts (Dami et al., 2010; Huang et 

al., 2015), and agricultural and hydrological 

droughts (Van Loon, 2015). 

In Nigeria, extant studies on drought have focused 

more on meteorological drought and many of 

these studies indicated that some indices were 

found to be more effective than the other (Abaje 

et al., 2013; Aremu and Olatunde, 2013; Omonijo 

and Okogbue, 2014; Oloruntade et al., 2017; Shiru, 

et al., 2018). Most of the studies employed Rainfall 

Anomaly Index (RAI), Bhalme and Mooley 

Drought Index (BMDI) and the Palmer Drought 

Index (PDI) in their analyses and it was revealed 

that precipitation is the most important climatic 

element to monitor meteorological. Similarly, 

studies have engaged Standardized Rainfall Index 

(SRI) and Standardized Precipitation Index (SPI) 

and established that most of the extreme drought 

with highest magnitudes recorded in 1970s and 

1990s in Sudano-Sahelian region were to a large 

extent linked to variability in the amount and 

distribution of rainfall and number of rain days 

observed in the region (Abaje et al, 2013; Adeogun 

et al., 2014). Achugbu and Anugwo (2016) equally 

examined drought trend in the northern part of the 

country using SPI and Mann-Kendall test, it was 

reported that some cities-Ilorin, Minna, Makurdi, 

Jos and Kaduna reveal significant upward trends 

especially in August, September and October. 

Ogunjo et al. (2019a) reported a significant 

positive trend in SPI over Nigeria due to climate 

change while a study showed that drought in 

certain locations within Nigeria is multi-fractal 

(Ogunjo, 2021). 

Despite all these studies and some others, only few 

have linked agricultural drought episodes to 

famines (Abaje et al., 2013; Shiru et al., 2018; Eze, 

2018; Eze, 2020) while there is dearth of studies on 

hydrological drought characteristics in Nigerian 

river basins. It is against this backdrop that this 

study is aimed at characterizing meteorological, 

agricultural and hydrological drought with their 

implications on water resources and agricultural 

planning in a Kaduna River Basin (KRB). 

MATERIALS AND METHODS 

Description of the Study Area 

The study area is the Kaduna River Basin (KRB) 

located between latitudes, 8º45ˈ15ˈˈN and 

11º40ˈ5ˈˈN and longitudes 5º25ˈ48ˈˈE and 

8º45ˈ36ˈˈE in the savanna ecological zone of 

Nigeria. KRB has two segments of upstream and 

downstream and a total catchment area of 

approximately 65,878km2 with its headwater near 

the north-eastern edge of the Jos Plateau at Sherri 

Hills. The prevailing climate over the basin is 

described as tropical continental climate (Aw) 

characterized by a well-defined wet and dry season 

with seasonality in rainfall and temperature 

distributions (Koppen, 1928). The mean annual 

rainfall can be as high as 2000 mm in wet years and 

as low as 500 mm in drought years but with a long 

term average of 1000 mm and average annual 

temperature of 27.48˚C (NiMET, 2019). 

 

Data Collection and Analysis 

To establish the extent of climate variability and 

drought in the study area over the last twenty-eight 

years (1990-2018) archival temperature, rainfall and 

streamflow data were sourced from Nigerian 

Meteorological Agency (NIMET), Nigeria 

Hydrological Services Agency (NIHSA), Kaduna 

State Water Board and Shiroro Hydro-Electric 

Power Station for ten hydrometeorological. The 

monthly rainfall, temperature and streamflow data 

obtained were converted to annual data and 

rearranged in hydrological years (i.e. October-

September). Drought Indices Calculator (DrinC  

by Tigkas et al, (2015) was used to calculate 

Potential Evapotranspiration (PET), 

Reconnaissance Drought Index (RDI), Agricultural 

Standardised Precipitation Index (ASPI) and 

Streamflow Drought Index (SDI). RDI, ASPI and 

SDI were engaged to analyse meteorological, 

agricultural and hydrological droughts respectively.  

 

http://doi.org/10.1007/s11269-006-9105-4
http://rdcu.be/I4QO
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Figure 1: The Kaduna River Basin           Source: Authors’ Fieldwork, 2020 

 

Pearson Correlation Coefficient Analysis was used 

to examine the relationship among the three 

indices while GIS technique was employed to 

analyse the spatial extent of drought. RDI was 

employed to analyse meteorological drought 

characteristics. The index is based on the ratio 

between precipitation and potential 

evapotranspiration. RDI has been successfully 

applied in several studies (Tsakiris and Vangelis, 

2005; Tsakiris et al., 2007; Asadi Zarch et al., 2011). 

The initial value (   ) of RDI is usually calculated 

for the i-th year in a time basis of k consecutive 

months as follows:    

   = 
∑   
   
   

∑     
   
   

                           (1) 

where    and      are the precipitation and 

potential evapotranspiration of the j-th month of 

the hydrological year. k is calculated as a general 

indicator of meteorological drought where j are the 

periods of 3, 6, 9 and 12 months. 

For the study, lognormal distribution was applied 

to give standardized RDI (RDIst) as expressed in 

equation (2):                 

     ( )   
      ̅ 

 ̂ 
                  (2) 

where    is the     ,   ̅  is arithmetic mean and  ̂  

is standard deviation. 

Drought severity can be categorised in mild, 

moderate, severe and extreme classes, with 

corresponding boundary values of RDIst (-0.5 to -

0.99), (-1.0 to -1.49), (-1.50 to -2.0) and (< -2.0), 

respectively. 

ASPI is the most recent index developed by Tigkas 

et al., (2019) in assessing agricultural drought 

characteristics. The main aspect of ASPI is the 

substitution of the precipitation (P) with the 

effective precipitation (  ), which indirectly 

incorporates the concept of water balance that is 

missing from the original index. The study adopts 

12 months analysis for ASPI.        

         
           

 

           
     

       ( )       (3) 

The classification of drought magnitude is based 

on the probability of occurrence of each drought 

event, as represented by the corresponding ASPI 

value, using the thresholds provided in Table 2. 

 

  



 

Copyright © 2021 Nigerian Meteorological Society Page 46 
 

J. Met & Clim. Sci. 19(1): 43-59 (June, 2021) 

Table 2: Drought Classification based on ASPI 
values 

SPI Value Category  

≥ 2.00 Extremely wet  

1.50 to 1.99 Severely wet  

1.00 to 1.49 Moderately wet  

0 to 0.99 Near normal (mildly wet)  

0 to -0.99 Near normal (mildly drought)  

-1.00 to -1.49 Moderate drought  

-1.50 to -1.99 Severe drought  

≤ -2.00 Extreme drought  

Source: Tigkas et al., 2019 

SDI was developed in 2009 by Nalbantis and 

Tsakiris to monitor and identify drought events 

such as drought severity, drought onset and 

cessation, its duration and frequency of drought 

occurrence. It is assumed that a time series of 

monthly streamflow volumes      is available 

where i denotes the hydrological year and j the 

month within that hydrological year (j= 1 for 

October and j = 12 for September). Based on this 

series, we obtained. 

       = 
       ̅ 

  
                                (4) 

Where   ̅  and    are respectively the mean and the 
standard deviation of cumulative streamflow 
volumes of reference period k. In this definition, 
the truncation level is  ̅ . Five states are recognised 
(Table 3). 

 
Table 3: States of Hydrological Drought with 

the aid of SDI 

State Description Criterion 

0 Non-drought SDI > 0.0 
1 Mild drought -1.0 < SDI < 0.0 
2 Moderate drought -1.5 < SDI < -1.0 
3 Severe drought -2.0 < SDI < -1.5 
4 Extreme drought SDI < -2.0 

Source: Nalbantis and Tsakiris, 2009 

Magnitude-frequency of drought also interest 

hydrologists and agricultural planners. They are 

interested in the frequency of drought severity and 

average time period within which most severe 

drought in a series or intensity can be expected to 

occur. The method of recurrence interval used in 

this study has been employed in many studies 

(Ologunorisa, 2006; Durowoju et al, 2017) to 

predict recurrence of climate extreme. 

Relationship among the three indices was 

examined by Pearson Correlation at 99% 

confidence level (α = 0.01 significant level) while 

Kriging interpolation technique was applied to 

estimate spatially drought occurrence (Wambua et 

al., 2015). In achieving a meaningful spatial 

distribution of the droughts, the study considered 

five different years within the period of the 

research at seven years interval starting from 1990 

to 2018 (i.e. 1990, 1997, 2004, 2011 and 2018). 

RESULTS AND DISCUSSION 

Meteorological Drought Characteristics 

Results of RDIst for lower and upper KRB showed 

similar pattern as presented in Figure 2. Analyses 

reveal that several drought events have occurred in 

the basin. Drought duration (Dd) for instance, 

shows a slight variation at the upstream compared 

to lowerstream. Three distinct Dd were observed in 

both locations but the longest Dd was observed in 

the downstream. The stretch started in 2005/2006 

till 2017/2018 (13 hydrological years) while the 

shortest duration occurs in 2001/2002. Upstream 

revealed two similar Dd periods in the series while 

the third Dd only spans for 4 years. Generally, RDI 

results reveal 16 years and 15 years of drought 

incidents in upstream and lowerstream 

respectively. On drought onset (ti) and cessation 

(te), result from downstream shows early stage of 

drought in 1998/99 while the result at the 

upstream varies slightly as there are three main Dd 

in the series. Impliedly, there exists three ti and te 

in the period understudy (Figure 2).  

Drought severity (Sd) and drought intensity (Id) 

were equally examined in both locations and 

findings reveal that lowerstream has the highest 

and longest Sd summing up to -8.33 from 2005/06 

to 2017/18 while the highest Sd at the upstream 

summed up to -6.23 from 2012/13 to 2017/18 

(Figure 2). The study further shows the most 

severe drought by category, occurs during 2017/18 

at the lowerstream with the highest Id of -1.50. 

RDI further detects two moderate drought 

incidents during 2016/17 and 2012/13 and twelve 

mild drought incidents at different periods. 

Meanwhile, the lowest Id at the lowerstream was 
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recorded in 2008/09 with RDI value of -0.09. 

2006/07 and 2017/18 appear as the most severe 

drought years at the upstream with Id values of -

1.63 and -1.51 respectively. Moderate and mild 

droughts occur most at the upstream with four 

episodes of moderate drought while mild drought 

incidents recorded ten episodes. 

 

  

 

Figure 2: Reconnaissance Drought Index for A. Lower KRB B. Upper KRB 

Source: Authors’ Computation, 2021 

 

The magnitude-frequency and recurrence interval 

for each drought event at different time durations 

are presented in Tables 4 and 5 for lowerstream 

and upstream respectively. Analyses of results for 

drought occurrence reveal that the occurrence 

probability of drought incidents is lower in the 

upstream than in lowerstream particularly for the 

identified severe droughts. The occurrence 

probabilities of severe drought incident during 

2017/18 at the upstream and lowerstream are 

11.76% and 6.25% with recurrence intervals of 8.5 

and 16 years respectively. 

 

Table 4: Magnitude-Frequency of RDIst for Lower 

KRB 

 

Table 5: Magnitude-Frequency of RDIst for Upper KRB 

 

Areal extent is one of the most essential drought 

characteristics this study considered. The results of 

spatial distribution of RDIst are presented in 

Figures 3a to 3e and Table 6. 

 

Year RDIst Value RDI Category Rank (m) Recurrence 

Interval (Years) 

Exceedance 

Probability 

Frequency 

2017/2018 -1.50 Severe Drought 1 16.00 0.06 6.25 

2016/2017 -1.34 Moderate Drought 2 8.00 0.13 12.50 

2012/2013 -1.26 Moderate Drought 3 5.33 0.19 18.75 

2014/2015 -0.89 Mild Drought 4 4.00 0.25 25.00 

2013/2014 -0.75 Mild Drought 5 3.20 0.31 31.25 

2010/2011 -0.62 Mild Drought 6 2.67 0.38 37.50 

2006/2007 -0.58 Mild Drought 7 2.29 0.44 43.75 

2009/2010 -0.41 Mild Drought 8.5 1.88 0.53 53.13 

1998/1999 -0.41 Mild Drought 8.5 1.88 0.53 53.13 

2007/2008 -0.35 Mild Drought 10 1.60 0.63 62.50 

2005/2006 -0.30 Mild Drought 11 1.45 0.69 68.75 

2001/2002 -0.18 Mild Drought 12 1.33 0.75 75.00 

2015/2016 -0.13 Mild Drought 13 1.23 0.81 81.25 

2011/2012 -0.10 Mild Drought 14 1.14 0.88 87.50 

2008/2009 -0.09 Mild Drought 15 1.07 0.94 93.75 

 

Year RDIst Value Drought Category Rank (m) Recurrence 

Interval (Years) 

Exceedance 

Probability 

Frequency 

2006 - 2007 -1.63 Severe Drought 1 17.00 0.06 5.88 

2017 - 2018 -1.51 Severe Drought 2 8.50 0.12 11.76 

2016 - 2017 -1.37 Moderate Drought 3 5.67 0.18 17.65 

2012 - 2013 -1.18 Moderate Drought 4 4.25 0.24 23.53 

2007 - 2008 -1.13 Moderate Drought 5 3.40 0.29 29.41 

2014 - 2015 -1.10 Moderate Drought 6 2.83 0.35 35.29 

2010 - 2011 -0.89 Mild Drought 7 2.43 0.41 41.18 

2001 - 2002 -0.75 Mild Drought 8 2.13 0.47 47.06 

2015 - 2016 -0.70 Mild Drought 9 1.89 0.53 52.94 

2008 - 2009 -0.58 Mild Drought 10 1.70 0.59 58.82 

2009 - 2010 -0.51 Mild Drought 11 1.55 0.65 64.71 

2013 - 2014 -0.37 Mild Drought 12 1.42 0.71 70.59 

1998 - 1999 -0.33 Mild Drought 13 1.31 0.76 76.47 

2005 - 2006 -0.19 Mild Drought 14 1.21 0.82 82.35 

1999 - 2000 -0.13 Mild Drought 15 1.13 0.88 88.24 

2000 - 2001 -0.06 Mild Drought 16 1.06 0.94 94.12 
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Table 6: Spatial Extent of RDI 

Categories Spatial Extent of RDI in % Spatial Extent of RDI in Km2 

1990 1997  2004 2011 2018 1990 1997 2004 2011 2018 

Severe drought 0.32 3.45 8.78 0.71 19.82 213.98 2275.82 5783.54 470.75 13054.25 
Moderate drought 4.31 10.30 42.70 9.62 56.18 2836.74 6787.72 28132.12 6339.90 37010.70 
Mild drought 15.87 23.29 33.92 63.11 17.10 10457.45 15342.32 22344.00 41574.57 11262.94 
Mildly wet 61.37 51.28 14.22 23.28 6.75 40428.28 33782.66 9367.68 15333.11 4444.65 
Moderately wet 18.13 11.67 0.38 3.28 0.16 11941.55 7689.49 250.66 2159.66 105.46 

Total 100 100 100 100 100 65878 65878 65878 65878 65878 

Source: Authors’ Computation 
 
Results from spatial distribution of RDI values 

show that in the 1990, severe drought is 

insignificant occupying 213.98km2 (0.32%) while 

moderate and mild drought covered few areas of 

the basin with 2,836.74km2 and 10,457.45km2 

respectively. An indication that year 1990 is wetter 

than the condition in 1997 where areas covered by 

severe drought begins to expand covering 

2,275.82km2 (3.45%) as seen in the northern part 

and areas close to the mouth of the basin before 

draining into River Niger (Table 6). In 2004, there 

was a significant reduction in mildly wet areas of 

KRB by 37.06% with coverage of 9,367.68km2 

while moderate and mild droughts cover more 

significant areas in 2004 than 1997 with area cover 

of 28,132.12km2 and 22,344km2. The changes 

could be attributed to reduction in rainfall amount 

and increase in potential evapotranspiration. In 

2011, rainfall amount across Nigeria were reported 

to be much (The Punch Newspaper, 24th July 

2011, p.14; Durowoju et al, 2017) and this could 

have been responsible for the significant decrease 

in the areas covered by severe drought by 8.07%. 

Result of 2018 is quite different, as moderate 

drought covered 56.18% of the area with 

37,010.70km2 and severe drought covers 

13,054.25km2, an increase of 19.11%. 

 

 
Figure 3a: Spatial Extent of RDIst for 1990 

 
Figure 3b: Spatial Extent of RDIst for 1997 

 
Figure 3c: Spatial Extent of RDIst for 2004 

 
Figure 3d: Spatial Extent of RDIst for 2011 

 
Figure 3e: Spatial Extent of RDIst for 2018 
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Agricultural Drought Characteristics 

Result showed that 1998/99 is the onset of dry 

spell in both locations but cease immediately in 

lowerstream unlike upstream whose dry spells 

continue until it ceased in 2001/02. After three 

years of consecutive wet periods, another drought 

episode begins in 2005/06 and ceased in 2010/11 

in both locations. Results on Dd revealed there are 

three longest Dd of 6 years each in both locations 

with the upstream having two longest Dd while the 

longest Dd at the lowerstream is from 2005/06 to 

2010/11. A total of 16 years of drought incidents 

occur at the upstream while the lowerstream has 

14 years of drought episodes. At the upstream, the 

shortest and first Dd are four years while two 

shortest durations were identified in lowerstream 

(Figure 4). 

Results show that highest and longest Sd occur 

more at the upstream with the highest summing up 

to -5.46 from 2012/13 to 2017/18 while the 

lowest Sd at upstream recorded -1.78 from 

1998/99 to 2001/02 (Figure 4). At the 

lowerstream, the highest Sd recorded is from 

2012/13 to 2014/15 with -3.13 Sd value while the 

lowest Sd value recorded -0.42 between 2000/01 

and 2001/02 (Figure 4). The study further reveals 

highest Id at the lowerstream in 2016/17 with -1.28 

while the lowest Id occurred in 1998/99. At the 

upstream, the highest Id occurred in 2006/07 with 

-1.76 while lowest Id occurred in 2005/06 with -

0.08 (Figure 4). From the analysis, ASPI detects 

severe drought in 2006/07 at the upstream. 

Generally, mildly drought incidents were revealed 

to be more than other categories with nine 

episodes at the lowerstream and eleven incidents at 

upstream. ASPI equally recorded some noticeable 

wet episodes in the basin. 

 
Figure 4: Temporal Analysis of Agricultural Standardised Precipitation Index (ASPI) 

 

Magnitude-frequency of agricultural drought 

presented in Tables 7 and 8 showed that the severe 

drought of 2006/07 at the upstream has 

recurrence interval of 17 years with occurrence 

probability of 5.88% (Table 8). The moderate 

drought of 2016/17 at the lowerstream depicts 

recurrence intervals of 15 years occurrence 

probabilities of 6.67% while the moderate drought 

of 2017/18 at upstream reveals recurrence 

intervals of 8.5 years and occurrence probability of 

11.76%. Mildly droughts which are the most 

occurred drought events in both locations have 

varying recurrence intervals and occurrence 

probabilities. The result implies that the higher the 

severity, the higher the recurrence interval and the 

lower the probability of occurrence. 
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Table 7: Magnitude-Frequency of ASPI for Lower 

KRB 

 

Table 8: Magnitude-Frequency of ASPI for Upper 

KRB 

 
Results presented in Table 9 shows that mildly wet 

occupies most of the areas in the basin in 1990 

occupying 27,562.04km2 (41.84%). Study reveals 

that more than 70% of the basin area is wet during 

1990 while severe, moderate and mild drought 

account for more than 20% of the basin area. 

Impliedly, the early stage is considerably wet and 

adequate for farming especially area largely 

characterized with guinea savannah. 

 

Analysis of results in 1997 presents a slight 

difference in the spatial distribution of ASPI 

values. Severe drought shows an increase of 0.55% 

as compared to result in 1990 with coverage of 

1,138.67km2 (1.73%). In 2004, there is a significant 

reduction in mildly wet areas by 17.64 % just as it 

was revealed for RDI with coverage of 

16,484.02km2 while moderate and mild droughts 

increase by 20.6% and 10.38% respectively with 

coverage of 18,762.88km2 and 20,470.15km2. The 

changes from 1997 to 2004 could be as a result of 

reduction in effective rainfall amount which plants 

utilize for their optimal growth (Tigkas et al., 

2019).  

 

Table 9: Spatial Extent of ASPI 

Categories Spatial Extent of ASPI (%) Spatial Extent of ASPI km2 

1990 1997 2004 2011 2018 1990 1997 2004 2011 2018 

Severe drought 1.18 1.73 5.42 0.89 21.23 779.50 1138.67 3568.86 588.44 13988.05 

Moderate drought 6.34 7.88 28.48 16.35 49.07 4177.17 5188.99 18762.88 10769.24 32326.16 

Mild drought 13.58 20.69 31.07 51.84 18.71 8944.32 13628.89 20470.15 34152.57 12323.66 

Mildly Wet 41.84 42.66 25.02 23.04 10.06 27562.04 28104.60 16484.02 15178.76 6624.18 

Moderately wet 30.38 20.58 9.44 6.40 0.82 20011.60 13557.14 6219.15 4213.86 538.00 

Severely wet 6.68 6.47 0.57 1.48 0.12 4403.38 4259.70 372.94 975.13 77.95 

Total 100 100 100 100 100 65878 65878 65878 65878 65878 

Source: Authors’ Computation 

 

There is a significant change in 2011, as severe and 

moderate droughts drop from 5.42% and 28.48% 

to 0.89% and 16.35% respectively. 2018 reveals 

some significant changes especially to moderate 

and severe droughts (Figure 5e and Table 9). The 

spatial extents of moderate and severe droughts 

are more than 70% of the basin area. 

 

Year ASPI Value Drought 

Category 

Rank(m) Recurrence 

Interval (Years) 

Exceedance 

Probability 

Frequency 

2016 - 2017 -1.28 Moderate Drought 1 15.00 0.07 6.67 

2017 - 2018 -1.26 Moderate Drought 2 7.50 0.13 13.33 

2014 - 2015 -1.07 Moderate Drought 3 5.00 0.20 20.00 

2012 - 2013 -1.04 Moderate Drought 4 3.75 0.27 26.67 

2013 - 2014 -1.01 Moderate Drought 5 3.00 0.33 33.33 

2007 - 2008 -0.70 Mildly Drought 6 2.50 0.40 40.00 

2006 - 2007 -0.43 Mildly Drought 7 2.14 0.47 46.67 

2009 - 2010 -0.36 Mildly Drought 8 1.88 0.53 53.33 

2005 - 2006 -0.32 Mildly Drought 9 1.67 0.60 60.00 

2010 - 2011 -0.30 Mildly Drought 10 1.50 0.67 66.67 

2001 - 2002 -0.27 Mildly Drought 11 1.36 0.73 73.33 

2008 - 2009 -0.25 Mildly Drought 12 1.25 0.80 80.00 

2000 - 2001 -0.15 Mildly Drought 13 1.15 0.87 86.67 

1998 - 1999 -0.04 Mildly Drought 14 1.07 0.93 93.33 

 

Year ASPI Value Drought Category Rank 

(m) 

Recurrence 

Interval (Years) 

Exceedence 

Probability 

Frequency 

2006 - 2007 -1.76 Severe Drought 1 17.00 0.06 5.88 

2017 - 2018 -1.38 Moderate Drought 2 8.50 0.12 11.76 

2016 - 2017 -1.25 Moderate Drought 3 5.67 0.18 17.65 

2007 - 2008 -1.19 Moderate Drought 4 4.25 0.24 23.53 

2012 - 2013 -1.18 Moderate Drought 5 3.40 0.29 29.41 

2001 - 2002 -0.98 Mildly Drought 6 2.83 0.35 35.29 

2014 - 2015 -0.95 Mildly Drought 7 2.43 0.41 41.18 

2010 - 2011 -0.90 Mildly Drought 8 2.13 0.47 47.06 

2008 - 2009 -0.61 Mildly Drought 9 1.89 0.53 52.94 

2015 - 2016 -0.52 Mildly Drought 10 1.70 0.59 58.82 

2009 - 2010 -0.47 Mildly Drought 11 1.55 0.65 64.71 

1998 - 1999 -0.30 Mildly Drought 12 1.42 0.71 70.59 

2000 - 2001 -0.27 Mildly Drought 13 1.31 0.76 76.47 

1999 - 2000 -0.23 Mildly Drought 14 1.21 0.82 82.35 

2013 - 2014 -0.19 Mildly Drought 15 1.13 0.88 88.24 

2005 - 2006 -0.08 Mildly Drought 16 1.06 0.94 94.12 
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Hydrological Drought Characteristics 

At the lowerstream, result shows 1996/97 as the ti 

of hydrological drought and 1998/99 as te. The 

longest Dd at the lowerstream was initiated in 

2005/06 and terminates in 2017/18. Scenario at 

upstream does not appear to be significantly 

different from the lowerstream as 1998/99 was 

revealed as the first ti and ceased in 2001/02 

(Figure 6). SDI results futher reveal different Dd in 

both locations. Lowerstream recorded 17 

hydrological drought years while the upstream has 

16 hydrological drought years. Basically, there are 

two major Dd at the lowerstream with the longest 

Dd of 13 years and the shortest Dd of 3 years. 

While the upstream recorded three distinct Dd, the 

first duration is 4 years while the second and third 

Dd have the same period length of 6 years each. 

Results on Sd basically show two different periods 

at the lowerstream and three distinct periods at the 

upstream. Findings reveal that highest and longest 

Sd was recorded at the lowerstream from 2005/06 

to 2017/18 with -8.98 Sd value while the lowest (-

0.31) occurred from 1996/97 to 1998/99. The 

highest at the upstream summed up to -6.11 from 

2005/06 to 2010/11 while the lowest was recorded 

from 1998/99 to 2001/02 with -1.75 (Figure 6). 

The study further shows that highest Id at the 

lowerstream occurred in 2010/11 with -1.31 while 

the lowest Id was recorded in 1998/99 with -0.06. 

At the upstream, the highest Id occurred in 

2007/08 with -1.52 while the lowest Id occurred in 

1999/2000 with -0.02 (Figure 6a). 

 
Figure 5a: Spatial Extent of ASPI for 1990 

 
Figure 5b: Spatial Extent of ASPI for 1997 

 
Figure 5c: Spatial Extent of ASPI for 2004 

 
Figure 5d: Spatial Extent of ASPI for 2011 

 
Figure 5e: Spatial Extent of ASPI for 2018 
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Figure 6: Standardised Drought Index (SDI) A. Lower KRB B. Upper KRB 

Results from magnitude-frequency of hydrological 

drought shows that the most severe hydrological 

droughts of upstream captured in 2007/08 and 

2006/07 have recurrence intervals of 17 and 8.5 

years with occurrence probabilities of 5.88% and 

11.76% respectively while the three moderate 

droughts identified at the lowerstream during 

2010/11, 2012/13 and 2016/17 would reoccur in 

18, 9 and 6 years with 5.56%, 11.11% and 16.67% 

respectively. 

 
Table 10: Magnitude-Frequency of SDI for Lower 

KRB 

 

 
Table 11: Magnitude-Frequency of SDI for Upper 

KRB 

 

 

Table 12: Spatial Extent of SDI 

Categories Spatial Extent of SDI (%) Spatial Extent of SDI (Km2) 

1990 1997 2004 2011 2018 1990 1997 2004 2011 2018 

Severe drought 4.89 3.19 12.37 12.20 15.93 3220.38 2104.64 8149.54 8034.91 10495.67 

Moderate drought 15.06 21.38 73.95 72.50 64.11 9922.51 14085.96 48715.36 47761.62 42231.79 

Mild drought 63.43 62.47 12.12 13.10 18.33 41788.56 41155.76 7986.00 8627.94 12074.53 

Non drought 16.62 12.95 1.56 2.21 1.63 10946.55 8531.64 1027.10 1453.53 1076.01 

Total 100 100 100 100 100 65878 65878 65878 65878 65878 

Source: Authors’ Computation 
 

Year SDI Value Drought 

Category 

Rank 

(m) 

Recurrence 

Interval (Years) 

Exceedance 

Probability 

Frequency 

2010 - 2011 -1.31 Moderate Drought 1 18.00 0.06 5.56 

2012 - 2013 -1.24 Moderate Drought 2 9.00 0.11 11.11 

2016 - 2017 -1.04 Moderate Drought 3 6.00 0.17 16.67 

2017 - 2018 -0.94 Mild Drought 4 4.50 0.22 22.22 

2013 - 2014 -0.86 Mild Drought 5 3.60 0.28 27.78 

2007 - 2008 -0.73 Mild Drought 6 3.00 0.33 33.33 

2011 - 2012 -0.61 Mild Drought 7 2.57 0.39 38.89 

2005 - 2006 -0.57 Mild Drought 8 2.25 0.44 44.44 

2014 - 2015 -0.53 Mild Drought 9 2.00 0.50 50.00 

2015 - 2016 -0.37 Mild Drought 10 1.80 0.56 55.56 

2006 - 2007 -0.33 Mild Drought 11.5 1.57 0.64 63.89 

2008 - 2009 -0.33 Mild Drought 11.5 1.57 0.64 63.89 

2001 - 2002 -0.23 Mild Drought 13 1.38 0.72 72.22 

1997 - 1998 -0.17 Mild Drought 14 1.29 0.78 77.78 

2009 - 2010 -0.13 Mild Drought 15 1.20 0.83 83.33 

1996 - 1997 -0.08 Mild Drought 16 1.13 0.89 88.89 

1998 - 1999 -0.06 Mild Drought 17 1.06 0.94 94.44 

 

Year SDI 

Value 

Drought Category Rank 

(m) 

Recurrence 

Interval (Years) 

Exceedance 

Probability 

Freque

ncy 

2007 - 2008 -1.52 Severe Drought 1 17.00 0.06 5.88 

2006 - 2007 -1.50 Severe Drought 2 8.50 0.12 11.76 

2017 - 2018 -1.21 Moderate Drought 3 5.67 0.18 17.65 

2010 - 2011 -1.19 Moderate Drought 4 4.25 0.24 23.53 

2001 - 2002 -1.09 Moderate Drought 5 3.40 0.29 29.41 

2016 - 2017 -1.05 Moderate Drought 6 2.83 0.35 35.29 

2008 - 2009 -0.92 Mild Drought 7 2.43 0.41 41.18 

2012 - 2013 -0.80 Mild Drought 8 2.13 0.47 47.06 

2009 - 2010 -0.70 Mild Drought 9 1.89 0.53 52.94 

2014 - 2015 -0.69 Mild Drought 10 1.70 0.59 58.82 

2015 - 2016 -0.66 Mild Drought 11 1.55 0.65 64.71 

2000 - 2001 -0.36 Mild Drought 12 1.42 0.71 70.59 

2013 - 2014 -0.30 Mild Drought 13 1.31 0.76 76.47 

2005 - 2006 -0.29 Mild Drought 14 1.21 0.82 82.35 

1998 - 1999 -0.28 Mild Drought 15 1.13 0.88 88.24 

1999 - 2000 -0.02 Mild Drought 16 1.06 0.94 94.12 

 

A 
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In 2004, there was significant increase in coverage 

of moderate and severe droughts of 73.95% and 

12.37% respectively while mild drought reveals a 

significant decrease in spatial extent from 62.47% 

to 12.12% (Table 12 and Figure 7c). This could be 

attributed to reduction in rainfall amount which is 

the major input and increased pressure on the 

rivers in the basin (Time et al., 2018; Eze, 2020). 

This revelation corroborates with the results of 

RDI and ASPI during year 2004. Analysis in 2011 

shows that the basin is wetter than 2004 which has 

a direct impact on River Kaduna and its tributaries 

as the volume of water increases in the basin. In 

2018, moderate and mild drought covers 82.44% 

with a slight decrease in moderate drought from 

72.50% to 64.11%. A general observation in the 

spatial extent of SDI reveals that the volume of 

water in rivers in the basin keeps fluctuating with 

early years wetter than the latter years. 

 

 
  

 
Figure 7a: Spatial Extent of SDI for 1990 

 
Figure 7b: Spatial Extent of SDI for 1997 

 
Figure 7c: Spatial Extent of SDI for 2004 

 
Figure 7d: Spatial Extent of SDI for 2011 

 
Figure 7e: Spatial Extent of SDI for 2018 
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Correlation Analysis among RDI, aSPI and SDI 

This study reveals high level of significant relationship across the three indices (RDIst, aSPI and SDI). 

 
Table 13: Pearson Correlation Coefficients among RDIst, ASPI and SDI 

  RDIst value API value SDI value 

RDIst value Pearson Correlation 1 .938** .825** 

Sig. (1-tailed)  .000 .000 

N 29 29 29 

aSPI value Pearson Correlation .938** 1 .788** 

Sig. (1-tailed) .000  .000 

N 29 29 29 

SDI value Pearson Correlation .825** .788** 1 

Sig. (1-tailed) .000 .000  

N 29 29 29 

**. Correlation is significant at the 0.01 level (1-tailed)   

 

The result established the fact that there exists 

strong connection among meteorological, 

agricultural and hydrological drought just as some 

studies have established. (Haslinger et al., 2014; 

Tigkas et al, 2015; Sun et al., 2017; Zhang et al., 

2018). The result implies that the impact of rainfall 

and potential evapotranspiration which are the 

major components of RDI is directly felt on aSPI 

which uses effective precipitation as its main 

parameter and this further reveals great impact on 

SDI (Sun et al., 2017; Zhang et al., 2018). 

Implications of Drought on Water Resources 

and Agricultural Planning 

From the findings, drought characteristics of the 

three drought types have their impact on 

agricultural planning and in management of water 

resources. Considering drought duration (Dd), the 

results imply that those years with longer Dd have 

direct impact on agricultural products (Nath et al., 

2017; Eze and Shittu, 2018; Eze, 2020) and water 

resources (Nath et al., 2017). Dd  impacts 

negatively across all stages of agricultural planning 

chain including land preparation, sowing, crop 

growth and management, harvesting, storage, 

transport and marketing, which equally 

undermines food security (Ezihe et al., 2017; Eze, 

2018, 2020). Similarly, Dd has indirect consequence 

on the water balance of the basin as precipitation is 

being substituted with effective precipitation 

(Tigkas et al., 2019). The longer the Dd, the more 

the vegetation are affected because of inadequate 

water available for plant growth (Oladipo, 1993; 

Bolton and Friedl, 2013) and more consequences 

are felt on crop productions and other vital 

agricultural support systems such as rivers, 

rangelands and wetlands that provide means of 

livelihood to farmers (Eze, 2018, 2020). 

Dd has a greater implication on water resource in 

the basin especially when such basin experiences 

longer Dd (Van Lanen et al., 2016; Samaniego et 

al., 2018). The impacts result from a deficiency of 

water in surface or subsurface components of the 

hydrologic system. It was equally observed that the 

longer the Dd, the longer it takes the basin to 

recuperate from drought. The implication of Dd 

on water resource as presented in this study 

corroborates with the study by Samaniego et al., 

(2018) which reveal that soil moisture is usually the 

first component of the hydrologic system to be 

affected. As Dd continues, other components are 

affected (López-Moreno et al., 2004; Samaniego et 

al., 2018). Hence, the impacts of drought gradually 

spread from the agricultural sector to other sectors 

and finally a shortage of stored water becomes 

noticeable. This revelation aligns with the general 

theory on the response of the hydrological 

resources to precipitation deficits of different 

duration and intensity on longer time scales 

(López-Moreno et al., 2004; Vicente-Serrano and 

López-Moreno, 2005). In comparison, upstream 
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has the longest Dd than lowerstream and by 

implication, there is more shortage of water for 

crops over time at the upstream than the 

lowerstream resulting into heavy irrigation at the 

upstream as against moderate irrigation in the 

lowerstream. The situation at the upstream is an 

indication there is higher rate of 

evapotranspiration than the downstream 

(Tuttolomondo et al., 2016). 

Onset (ti) and cessation (te) of drought play crucial 

role in agricultural planning as it helps farmers and 

stakeholders in proper and adequate planning. It 

also helps in determining the kind of crop to plant 

in a particular season of the year as various crops 

have their own water requirements to grow and 

thrive (Ndamani and Watanabe, 2015; Tiamiyu et 

al., 2018; Eze, 2020). Eze (2020), states that the 

most immediate consequence of drought ti is the 

reduction in the farm output. Drought onset and 

cessation equally help the hydrologists in proper 

management of water resource. The ti alerts all 

relevant stakeholders in the basin for adequate 

planning as reduction in the streamflow sets in 

(Van Lanen et al., 2016). As revealed in the study, 

upstream is drier and by implication, water 

resource at the upstream is not adequately serving 

the users as against the situation in the 

lowerstream. The onset of drought has a direct 

effect on energy supply by Shiroro Dam Authority 

and indirect impact on fish farming (Abayomi et 

al., 2015; Ewugi and Usman, 2016; Okafor et al., 

2017). 

Results on drought severity (Sd) and intensity (Id) 

equally contributed to the impact on agricultural 

planning and water resources. It is evident that 

moderate and mild drought have the highest 

occurrence in the study area. Impliedly, those years 

which experience successive drought just like 

2005/06, 2006/07, 2007/08, 2008/09 and 

2009/10 with continuous pressure on the limited 

water supplies as a result of increase in water 

demand would make water-resources management 

more difficult in the future (Shiau et al., 2001; 

Lweendo et al., 2017). It was further reveal that Sd 

and Id have an indirect impact on the socio-

economic activities of the basin dwellers (Tiamiyu 

et al., 2018; Eze, 2020). For example, those into 

fishing, catch more fishes during moderate and 

mild drought periods which boost their daily 

income unlike those farmers that depend largely 

on irrigation farming system. Mildly drought 

implies that little irrigated water is required to 

support the optimal growth of some crops whose 

water requirements are not necessarily much such 

as onions, soyabeans, beans, groundnuts e.t.c. 

(Nath et al., 2017). It is noteworthy that most of 

the onions available in the country are mostly 

grown in the study area and by implication, those 

years with severe and moderate droughts lead to 

shortage in the production which indirectly 

determine the cost and decrease in labour (socio-

economic drought) (Nath et al., 2017; Eze, 2020). 

During periods of high drought severity and 

intensity, few farmers especially the wealthy among 

them, prefer to increase the number of labour 

where intensive irrigation is required or go more 

mechanized by acquiring or rent more equipment 

to meet up with yearly production while many 

farmers often sell cattle, goats, sheep, camels and 

donkeys used as draft animals to generate income 

during intense drought (Shittu et al., 2017; Eze 

2018). 

The role of magnitude-frequency of drought on 

implication for water resource management cannot 

be over emphasized (Shiau et al., 2001; López-

Moreno et al., 2004; Lweendo et al., 2017). Highest 

severe drought of magnitude -1.52 during 

2007/2008 was predicted to have 17 years of 

recurrence interval with 5.88% probability of 

occurrence. This implies that for such magnitude 

to reoccur, it will take 17 years more i.e. 

2024/2025 to have similar drought incident. The 

study revealed that the higher the magnitude, the 

higher the recurrence interval but the lower the 

probability of occurrence and vice versa. This 

helps farmers, water resource personnel, 

industrialists and hydrologists to predict drought 

occurrence accurately and plan adequately when 

need arises. Spatial extent of drought showed that 

few areas like the northern parts of the basin in 

which severe drought are prominent, cultivate 

crops with low water requirements. The thriving 

crops in those areas are heavily irrigated compare 
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to areas at the lowerstream where crops with much 

water requirements like rice are mostly grown and 

thrive successfully especially in waterlog areas 

(Ndamani and Watanabe, 2015; Eze and Shittu, 

2018; Eze, 2020 ). All these predictions help the 

stakeholders in water resource management to 

predict drought occurrence accurately for proper 

planning and prudent use of the resource. 

CONCLUSION 

This study has attempted an assessment of drought 

characteristics in Kaduna River Basin, which 

unarguably is the economic nerve centre of the 

country. The study reveals that meteorological, 

agricultural and hydrological drought 

characteristics have almost similar outcomes 

despite different input (data). Onset and cessation 

of the three droughts at lower and upstreams show 

quite a short period but a moderately continuous 

episode at the later years of the study. Incidentally, 

drought durations (dd) in both locations reveals 

three episodes across all the drought types with 

fluctuating pattern in the late 20th century but 

moderately longer duration in the early 21st 

century. Drought severity and intensity appear low 

across the three indices in the early years but quite 

higher at later years. Moderate and mild droughts 

own the highest occurrence accounting for more 

than 80% of all categories across all the indices 

used in this study. Spatial distribution of drought 

indices values equally shows that moderate and 

mild droughts have the largest coverage mostly 

mapped at the middle of the basin while few 

severe droughts are recorded at the northern part. 

The study has established the existence of strong 

relationship among meteorological, agricultural 

and hydrological droughts.  

RECOMMENDATIONS 

In order to mitigate the impact of droughts on 

water resources and agricultural planning and 

achieve agricultural sustainability, the study 

recommends (i) adoption of improved crop 

varieties such as drought-resistant crops, early 

maturing crops enables farmers cope with rainfall 

variability, particularly drought occurrences. (ii) 

Provision of irrigation facilities such as tube-well 

by the government or organisation will help 

farmers that are dependent on rainfall to cultivate 

and harvest crops during shortfall in rainfall 

amount. 
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