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ABSTRACT 
 

Aim: To study the application of percent of normal precipitation method for meteorological drought 
intensity assessment and its impact on agricultural production. 
Place and Duration: The study was conducted in Yola South Local Government Area (LGA), of 
Adamawa Sate Nigeria during the year 2020. 
Methodology: Drought intensity was assessed using Percent of Normal Precipitation method 
(PNP) using forty (40) years of rainfall data (1987-2017) obtained from Upper Benue Development 
Authority, Yola (UBRBDA). In addition, data on the negative impact of drought intensity on 
agricultural production were obtained from the well defined and structured questionnaires 
administered randomly to the fifty (50) selected farmers in the area where simple descriptive 
statistic was used in the analysis of the sourced data. 
Results: It revealed that out of the forty years under study, the extremely wet condition was 
reoccurred in six years (15%), very wet season (5%), while moderately wet conditions had 
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experienced in 14 years (35%) and normal condition was identified in 16 years (40%) respectively.  
Under dry conditions it was found that only moderately dry condition had ever occurred in 2 years 
(5%) only. For the drought impact on agricultural production most farmers (55 %) perceived that 
drought does not happen every year in the area. However, it occurs with seasonal variability mostly 
in the months July-August which last for 1-2 weeks as agreed by (55%) of the farmers. Majority of 
the farmers (60 %) in the area revealed that the level of the drought impact on agricultural 
production was high affecting crop yield (18%), drying of dams, reservoirs and lakes and outbreak 
of crops’ pest and diseases (12 %). In contrast other effects include soil degradation, loss of profit 
and capital, loss of employment opportunities, dead of livestock and starvation and drop in the 
water table and drying of soils with (6%) each of the respondents respectively. Similarly,  the use of 
early matured crops (30%), Early planting (18%), Delay planting (16 %) and water harvesting ( 12 
%) were adopted as mitigation strategies towards curtailing the negative impact of drought impact 
on their agricultural production in the area. 
Conclusion: The application of PNP method towards the assessment of drought intensity revealed 
important information of drought intensity which can serve as a valuable knowledge towards 
effective drought monitoring and proper agronomic mitigation strategies on its negative impact on 
agriculture in the area for optimum and profitable production. The application of another drought 
index is imperatively recommended for comparision and validation towards finding reliable 
information on drought in the area. 
 

 
Keywords: Agricultural; application; drought; impact; intensity normal precipitation; meteorological; 

production. 
 

1. INTRODUCTION 
 
Drought is an insidious natural hazard that 
results from lower levels of precipitations than 
what is considered normal [1] When this 
phenomenon extends over a season or a more 
extended period of time, precipitation is 
insufficient to meet the demands of human 
activities and the environment. Drought is an 
insidious natural hazard with severe implications 
for the economic well being of the farming 
community [2]. There is no single definition of 
drought, and there is no reliable methodology for 
its quantification [3]. It may be said in most 
general terms that drought is every reduction of 
precipitation concerning the normal (average) 
quantity of precipitation in a given climatic zone. 
This by itself makes drought the most               
complex hydrological event that affects all 
climatic zones, with varying duration, intensity 
and frequency. 
   
On the other hand the efficiency of drought 
protection is very low [4]. Thus, like other 
hazards, droughts can be characterized in terms 
of their severity, location and duration [5]. There 
is practically no climatic area in which droughts 
of various intensities have not occurred in past 
decades, mostly as a result of the most 
significant threat facing the world in the 21st 
century: climate changes and timing [5]. They are 
mostly based on hydrological parameters 
(discharges and water levels) and meteorological 

parameters (precipitation and air temperatures). 
Meteorological drought is the earliest explicit 
event in the process of occurrence and 
progression of drought. Rainfall is the primary 
driver of meteorological drought. There are 
numerous indicators based on rainfall that is 
being used for drought monitoring [6]. Rainfall 
deviation from normal -a long term mean, is the 
most commonly used indicator for drought 
monitoring. Therefore, the type of impacts 
relevant in a particular drought monitoring and 
early warning context is often a crucial 
consideration in determining the selection of 
drought indicators [5]. Drought must be 
considered a relative, rather than the absolute, 
condition. Droughts are regional in extent and 
each region has specific climatic characteristics. 
The amount, seasonality and form of 
precipitation differ widely between each of these 
locations [1]. There are also many different 
methodologies for monitoring drought. However, 
none of the methods currently in use can be 
considered universal, or correct. The selection of 
a method in a given area depends on available 
data and on the capability of a method to 
estimate in the best possible way the occurrence 
of drought in time and space, and its variability 
[7]. That is why criteria for selecting the best 
drought analysis method would be: 
independence with concerning geographic and 
climatic characteristics of an area, including 
extreme climatic conditions (desert or polar 
conditions), physical foundations of a method, 
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and simplicity of calculation [4]. In Yola South 
LGA which is the study of this work there are 
quite number of research works on drought 
analysi and its characterization using different 
indices such as rainfall seasonality index (RSI) 
by [8]. Rainfall Anomaly Index (RAI) by [9] and 
Rainfall Decile Index (RDI) by [10].                    
However, no any attempt that was made            
to apply the use of percent of normal 
precipitation indices towards study drought 
intensity and variability in the area. Therefore, to 
this end, this research work has selected                
the use of percent of normal precipitation (PNP) 
for the drought intensity analysis due to its 
simplicity and the geo-physical homogeneity of 
the area as well the available historical rainfall 
data. 
 

The percent of normal precipitation (PN) or 
precipitation anomaly, it is a simple method that 
is used for rapid drought frequency analysis. It 
can be considered satisfactory if a more 
extended series of precipitation data is available 
(no less than thirty years), and if it is applied 
within a single region with similar geographical 
characteristics [3]. Conversely, As [11] explained, 
one of the disadvantages of using the percent of 
normal precipitation is that the mean, or average, 
precipitation is often not the same as the median 
precipitation, which is the value exceeded by 
50% of the precipitation occurrences in a long 
term climate record. The reason for this is that 
precipitation on monthly or seasonal scales does 
not have a normal distribution. Use of the percent 
of normal comparison implies a normal 
distribution where the mean and median are 
considered being the same. Drought indices 
have been developed from known values of 
selected parameters to present a quantitative 
description of droughts [2].The information on the 
timing of droughts, drought intensity, drought 
duration, spatial extent of a specific drought 
episode and analysis of the risk of the 
phenomenon and its likely effect on agricultural 
production is highly imperative. Thus, Information 
on drought intensity can be presented in a 
several different ways including the use of the 
drought indices particularly percent of normal 
precipitation (PNP).Therefore, to assess the 
meteorological drought severity in the area 
rainfall as the primary parameter of 
meteorological drought was selected and 
developed as it appeared as the dependent 
variable of PNP indices respectively.  Thus, this 
research work aimed at the application of percent 
of normal precipitation for meteorological drought 
intensity assessment and its impact on 

agricultural production in Yola South LGA, of 
Adamawa State Nigeria. 
 

2. METHODOLOGY 
 
2.1 Study Area 
 
The study was conducted in Yola South LGA and 
Environs of Adamawa State, Nigeria which lies 
on latitude 09o 14’N and 09o 20’N of the equator 
and longitude 12

o
 25’E and 12

o
 28’E of the 

Greenwich meridian with an average annual 
rainfall of 850 mm-1000 mm with over 41% of 
rain falling in August and September. 
Temperature also has a significant                     
temporal variation in the study area; with an 
average maximum temperature of 42 0C                   
with an average relative humidity of about 29% 
[12,13].  
 

2.2 Application of Percent of Normal 
Precipitation (PNP) 

 

The percent of normal precipitation (PN) or 
precipitation anomaly is based on the 
relationship between the monthly precipitation 
and average monthly precipitation in the period 
under study. It is a simple method that is used for 
rapid drought frequency analysis, and can be 
considered satisfactory if a longer series of 
precipitation data is available (no less than thirty 
(30) years), and if it is applied within a single 
region with similar geographical characteristics. It 
would be difficult to compare locations that are 
far away from one another, as anomalies are 
defined in relation to a given location (weather 
station) separately [3]. It is calculated by dividing 
actual precipitation by normal precipitation—
typically considered and multiplying by 100% 
[14]. This can be calculated for a variety                 
of time scales, including monthly,                  
seasonal, annual, or water year. Normal 
precipitation for a specific location is considered 
to be 100%.  
 

PNP=
������ �������������

������ �������������
 × 100       (Eq 1) 

 
Meteorological data of rainfall for forty (40) years 
(1978-2017) obtained from Upper Benue River 
Basin Development Authority (UBRBDA) were 
computed using the above PNP formula.              
Thus, the observed 40 years period is 
considered long enough for drought analysis 
purposes [6,15].The limit values of the PNP were 
classified as explained by [14] as depicted on 
Table 1. 
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Table 1. Limit values of the PNP indices 
 

S/N PN [18] classification  Limit values  
1 Extremely Wet ≥ 115  
2 Very Wet  110-115 
3 Moderately Wet  100-110 
4 Normal  80 to 100 
5 Moderately Dry 55 to 80  
6 Very Dry  40 to 55 
7 Extremely Dry ≤ 40  

 

3. RESULTS AND DISCUSSION 
 
3.1 Calculated Values of the Percent of 

Normal Distribution 
 
Results on the calculated values of the Percent 
of the normal distribution for forty years (1978-
2017) were depicted in Table 2 and 3. The 
results revealed that extremely wet condition was 
identified in six years frequency of 15 % (1980, 
1988, 1995, 1999, 2012 and 2016) with the 
corresponding PNP values of 117.71 %, 115.93 
%, 115.64 %, 119.11 %, 116.04 % and 134.82 % 
respectively. Vey wet condition was recognized 
in the year 2009 and 2010 (113.75%) and 
(113.67 %) respectively. 

 
However, according to Ref [9] 2016 and 2012 
were estimated as extremely and very wet 
conditions using Rainfall Anomaly Index method 
(RAI) which  led to exacerbated flooding in the 
area which damaged a hundred hectares of 
farmlands. In addition, the result also 
corroborated with the outcome of [10].                    
Where the year 1998, 1980, 2009, 2010 and 
1995 as Much Above normal of Ninth                      
decile is the rainfall amount not exceeded by 
90% while 1969, 1988, 2012, 1999 and 2016 
considered as Much Above normal of Ninth 
decile is the rainfall amount not exceeded by 
100% respectively. Moderately Wet seasons 
were found in the 14 years frequencies of 
reoccurrences having 35 % (1978, 1981,1982, 
1984,1985, 1989, 1992, 1993, 1996, 1997, 1998, 
2000, 2014 and 2015) with also a corresponding 
values of 106.29 %,100.15 %, 102.42 %, 
105.09%, 103.71 %, 105.22 %, 108.01 %, 
104.60 %, 109.43 %, 101.36 %, 108.64 % and 
104.75 % respectively. A similar finding was also 
reported by [9] who revealed that the year 1978, 
1996, 1998 and 2014 were considered 
moderately wet. Normal percent values were 
revealed to had occurred in 16 years (40%) out 
of the 40 years of the study period in the area 
which are 1979, 1983, 1986,1990, 1991, 1994, 

2001, 2003, 2004, 2005,  2006, 2007, 2008, 
2011 2013 and 2017 with the percent normal 
values of 85.52 %, 94.56 %, 96.36 %, 88.14 %, 
92.21 %, 98.91 %, 97.98%, 83.96 %, 85.59 %, 
85.50 %, 81.84 %, 96.66 %, 86.54 %, 88.07 % 
and 98.50 % accordingly. Moderately dry was 
occurred in two years only (5%) 1987 and 2002 
having the percent normal values of 72.61 % and 
70.23 % respectively. A similar finding of [10] 
was correlated with this result where in the year 
1987 and 2002 were quantified as Much below 
normal with the first decile is the rainfall amount 
not exceeded by the lowest 10% defined as 
Exceptional Drought ( D4) classified by [15,16]. 
In the area however, dry and extremely dry 
drought conditions were not glaring in the area in 
all the 40 years of study [9]. 
 

3.2 Nature of the Intensity of Drought 
Conditions  

 

The conditions of drought intensity are shown on 
Table 4. The results revealed that about 55% of 
the farmers in the area conceived that drought 
occurs every year most especially in the recent 
decades affecting agriculture and the ecosystem. 
Thus, [9] reported similar findings that revealed 
that the study area falls under wetness 
conditions for the period of 19 years, normal 
wetness occurred in 6 years and dry conditions 
were estimated in 15 years which mostly 
occurred in the recent decades (2002, 2003, 
2004, 2005, 2006, 2007, 2008, 2011 and 2013) 
which signifies apparent climatic change of 
rainfall deficit and consequently affects crop 
growth respectively. The remaining 45 % of the 
farmers did not agreed with drought 
reoccurrence every year in the area. This 
explains the reason why the area is considered 
under natural drought hazards seasonally. 
Ref.[16] also reported that the recurring droughts 
in Alberta seriously decrease crop yields and 
thus harm the whole Alberta agriculture industry. 
Similarly, most of the farmers (65%) are aware 
about the drought hazards as they affect their 
crop performance and productivity and 35 % of 
them perceived unawareness hazards of drought 
in the area. This finding correlated with results of 
[17] who revealed that in Adamawa State about 
69.2 % of the farmers were aware of the climatic 
hazards affecting their crop yield and they do 
little to reduce the impacts of these hazards on 
their crops. The months of July-August were 
assessed to have more reoccurrences of drought 
scenario in the area by about 55% of the farmers 
while 45 % perceived to have occurs mostly in 
the months of May-June respectively. This result 
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is not in conformity of the findings of [1]. [18,17] 
revealed that the month of May and June in the 
Northern part of the state is characterized by 
drought conditions. However, in the year 2019 
and 2020 drought was occurred in the month of 
August in the study located in the central zone of 
the state respectively. For the drought durations 

most farmers (55%) agreed that to have 
experienced drought intensity for a period of 1-2 
weeks while 45 % of them conceived to had last 
for more than 2 weeks in the area. For example, 
last year 2019 drought had occurred from 4th 
August-29

th
 August, 2019 while this year the area 

experienced drought for two weeks from 

Table 2. Calculated values of the Percent of a normal distribution from 1978-2017 (40 Years) 
 

S/N Years Total (mm)  No. Of rainy days PN (%) Rating   

1 1978 993.4 64 106.29 Moderately Wet  

2 1979  799.3 55 85.52 Normal Condition 

3 1980 1044.1 63 117.71 Extremely  Wet 

4 1981 936.1 66 100.15 Moderately Wet 

5 1982 957.3 52 102.42 Moderately Wet 

6 1983 884.1 65 94.56 Normal Condition 

7 1984 970.9 65 103.88 Moderately Wet 

8 1985 970.5 65 103.84 Moderately Wet 

9 1986 900.6 57 96.36 Normal Condition 

10 1987 678.7 62 72.61 Moderately Dry 

11 1988 1083.5 74 115.93 Extremely wet  

12 1989 982.2 69 105.09 Moderately Wet 

13 1990 823.8 58 88.14 Normal Condition 

14 1991 861.8 69 92.21 Normal Condition 

15 1992 969.3 64 103.71 Moderately Wet 

16 1993 983.4 69 105.22 Moderately Wet 

17 1994 924.5 74 98.91 Normal Condition 

18 1995 1080.8 69 115.64 Extremely Wet 

19 1996 1009.5 60 108.01 Moderately Wet 

20 1997 977.6 73 104.60 Moderately Wet 

21 1998 1022.8 73 109.43 Moderately Wet 

22 1999 1113.3 61 119.11 Extremely Wet 

23 2000 947.4 68 101.36 Moderately Wet 

24 2001 915.8 77 97.98 Normal Condition 

25 2002 656.4 72 70.23 Moderately Dry 

26 2003 784.7 62 83.96 Normal Condition 

27 2004 800 71 85.59 Normal Condition 

28 2005 799.1 68 85.50 Normal Condition 

29 2006 764.9 64 81.84 Normal Condition 

30 2007 903.4 72 96.66 Normal Condition 

31 2008 808.9 72 86.54 Normal Condition 

32 2009 1063.2 71 113.75 Very Wet 

33 2010 1062.4 81 113.67 Very Wet 

34 2011 823.2 71 88.07 Normal Condition 

35 2012 1084.6 81 116.04 Extremely Wet 

36 2013 827.7 67 88.56 Normal Condition 

37 2014 1015.3 71 108.64 Moderately Wet 

28 2015 979 69 104.75 Moderately Wet 

39 2016 1260.1 68 134.82 Extremely Wet 

40 2017 920.6 65 98.50 Normal Condition 
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Table 3. Years of occurrences and frequency distribution of percent of normal precipitation of 
Yola South LGA from 1978-2017 (40 Years) 

 

S/N PN Classification [18]  Years of occurrences  Frequency Percent (%) 
1 Extremely Wet  1980, 1988, 1995, 1999, 2012 and 

2016 
6 15 

2 Very Wet  2009 and 2010 2 5 
3 Moderately Wet  1978, 1981,1982, 1984,1985, 1989, 

1992, 1993, 1996, 1997, 1998, 
2000, 2014 and 2015  

14 35 

4 Normal  1979, 1983, 1986,1990, 1991, 1994, 
2001, 2003, 2004, 2005,  2006, 
2007, 2008, 2011 2013 and 2017 

16 40 

5 Moderately  Dry   1987 and 2002 2 5 
6 Very Dry Nil  0 0 
7 Extremely Dry Nil  0 0 

 

Table 4.  Nature of drought conditions in the study area 
 

Variables  Percent distribution (%) 
Does drought occur in the area every year Yes = (55%) No = (45%) 
Are you aware of the drought hazards as they affect 
crop yields  

Yes = (65%) No = (35%) 

Which period does the drought usually occurs 
seasonally  

May-June = 
(45%) 

July-Aug = (55%) 

Duration of the drought conditions 1-2 weeks = 
(55%)  

More than 2 weeks= 
(45%) 

What is the level of the drought intensity Low = (55%) High = (45%) 
What is the level of the drought impact on agricultural 
production  

Low = (40%) High = (60%)  

   

Table 5. Impact of drought intensity on agricultural production 
 

Impact on agricultural production Frequency (n= 50)  Percentage (p=100%) 
Reduction in crop yield 9 18 
Physiological stress and low crops growth 6 12 
Drying of dams, reservoirs and lakes 6 12 
Loss of profit and capital  3 6 
Desertification and loss of some wild animals  2 4 
Loss of employment opportunities 3 6 
Loss of aquatic animals and fishing activities  2 4 
Dead of livestock and starvation  3 6  
Abandoning of rain fed farming activities  2 4 
Drop in water table and drying of soils 3 6 
Loss of pastures, forages and grasses 2 4 
Soil degradation  3 6 
Outbreak of crops’ pest and diseases  6 12 

 

Sunday, 3
rd

 August- 17
th
 August, 2020 

respectively. It is a known fact that the 
complexity of drought lies in the fact that it 
cannot easily be predicted because it develops 
slowly, and it is usually noticed when it has 
already been present for weeks or months. The 
level of the drought intensity was considered as 
low with about 55 % of the farmers and 45 % 
perceived to be high. Conversely, on the level of 
the drought impact on agricultural production 

most farmer (55%) agreed to a have high impact 
on their productivity. In comparison, the 
remaining 45% of them considered the impact as 
low to have affected their production in the study 
area. It is important to note that the impacts of 
droughts can be as varied as the causes of 
droughts. Droughts can adversely affect 
agriculture and food security [5]. A drought 
impact is an observable loss or change at a 
specific time [5]. 
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Table 6. Mitigation strategies adopted by the farmers on the impact of drought on crop 
production 

 

Mitigation strategies  Frequency (n =50) Percentage (p=100%)  
Water harvesting techniques 6 12 
Tillage method 3 6 
Use of low water potential crop varieties 4 8 
Early planting 9 18 
Delay planting 8 16 
Use of early matured crops 15 30 
Mulching techniques 3 6 
Water supplement method (semi-irrigation) 2 4 

 

3.3 Impact of Drought Intensity on 
Agricultural Production  

 
Drought impacts in various ways. The effects of 
drought may be direct or indirect, singular or 
cumulative, immediate or delayed [19]. Of all the 
extreme meteorological events affecting 
agriculture and forestry, drought is perhaps the 
most important hazard with serious implications 
for the economic well being of the farming 
community [2]. In Yola South LGA, is located in 
the savannah region of Nigeria with a significant 
fertile landmass which produces a large 
proportion of the grains that provide the staple 
diet to the growing population. Yet the area is 
frequently under drought attack and this 
negatively affects food production in the area and 
is continuously reoccurring most especially in the 
recent decades [8].  
 

Results on the impact of drought intensity on 
agricultural production were presented in Table 
5. Reduction of crop yield was revealed as the 
major effects imposed by the drought intensity in 
the area by 18 % of the farmers. Climate change 
impacts on agriculture include biological effect on 
crop yield, the resulting impact on prices, 
production, consumption and the impact on per 
capital calorie consumption and malnutrition [20]. 
Droughts lead directly to poor crop yield, [19]. 
Recurring droughts in Alberta seriously decrease 
crop yields and thus harm the whole Alberta 
agriculture industry. The 2001 drought made the 
Alberta yield lower than that of each of the ten 
proceeding years, for the 2001 yield was only 
84% of the ten-years’ mean [16]. Growing water 
shortages are a particularly important source of 
yield growth decline [21]. Physiological stress 
and low crops growth were caused due to 
drought condition conceived by 12 % of the 
farmers in the area. Physiological stress and low 
crops growth also attributed to 10 % of the 
respondents to had caused negative effects due 
to insufficient water in the area [22].Rice crop is 

the major crop grown at Njuwa Lake which 
requires a sufficient quantity of water for its 
physiological development from emergence to 
physiological maturity. Therefore, any form of 
water deficit will reflect on the crop growth and 
subsequently to the yield respectively.  In Kastina 
State, crops covering 150 hectares of tomatoes, 
potatoes, maize, wheat, onions and other 
vegetables were damaged as they became 
wilted forcing some farmers to commence early 
harvest to salvage what they could of the crops 
[23]. Similarly, about 12 % of the respondents 
perceived that drying of dams, reservoirs and 
lakes were affected by the drought hazards. 
Similar report by [23] indicate that more than 150 
irrigation farmers using water from Musawa dam 
in the central part of Katsina State have lost 30 
million Nigerian Naira (about 85,714 US Dollars) 
following sudden drying up of the dam. Water 
reduction and drying up of Njuwa Lake is rapid 
before the onset of rainfall coupled with the low 
quality of the water, most of the livestock grazing 
in the area are seriously affected which imposed 
them moving to river Benue scavenging drinking 
water [23]. The outbreak of crops’ pest and 
diseases also received 12% out of the 
respondent as among the second major negative 
impact of drought intensity in the area. Loss of 
profit and capital among the farmers was 
recorded about 6 % to have influenced by the 
drought intensity. Ref. [24] observed that climate 
attributes (temperature and precipitation) affect 
net farm revenue and such impacts can be 
significantly reduced through adaptation. 
Continuous droughts stretching over several 
years in different parts of the world in the past 
significantly affected productivity and national 
economies [2]. Likewise loss of employment 
opportunities among farmers (6%) was caused 
due to the hazards in the area. Findings in Iraq 
revealed that scarcity of water had led to 
increased levels of unemployment [25]. Also 10% 
of the respondents agreed that the loss of 
employment opportunities appeared among the 
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effects caused by water scarcity at Njuwa Lake 
[22]. Generally, food production will be adversely 
affected by the variability in timing and amount of 
rainfall and heat stress and the consequence is 
an increase in food shortages and many farmers 
could lose their sources of livelihood due to 
climate change [26,27]. These put a severe 
strain on the economic development of a nation, 
either immediately or with a time lag [28,29,19]. 
In addition, 6 % out of the farmers considered 
dead of livestock and starvation was affected by 
the reoccurrences of drought conditions. 
Droughts lead to the directly to dead of live stock 
etc [19]. Water scarcity in the area had led crop 
failure, the decline in fishing activities and 
livestock starvation which are the primary 
occupation of the dwellers in the area which 
directly affects their income and led to poverty 
growth in the area [22].  Similarly, Monitors in 
Muthanna have reported that, in some villages, 
up to 90% of livestock have died as a result of 
scarce and low quality water supplies [25]. Drop 
in water table and drying of soils was also agreed 
by 6 % of the farmers to have caused by the 
intensity of drought in the area. Quantification of 
drought impacts can be seen in terms of drying 
of soil as a result of increased in temperature 
[19]. The solution to the decline of the water table 
is an expense which required the construction of 
standard boreholes with powerful machines 
which is beyond the financial capability of most of 
the farmers in the area [22]. Correspondingly, in 
a number of regions in India water tables have 
been falling at average rates of two to three 
meters per year as the number of irrigation wells 
grows [21]. Similarly, soil degradation on the 
arable lands was recorded with 6% perception 
among the respondents imposed by the negative 
impact of drought leading to low agricultural 
production in the study area. Thus, drought 
threatens permanent erosion of the capital and 
resource base of farming enterprises [2]. About 
19 years were falls under negative threshold a 
value of slightly dry to extremely dry conditions 
out of the forty years of study which in 
consequence it disrupts crop growth, reduces 
grazing land, and threatens permanent soil 
degradation [9]. Therefore, the reduced changed 
in wetness conditions with a gross increased in 
dryness conditions is an apparent indication of 
climatic change in the study area which has an 
adverse impact on agricultural production. 
Desertification and loss of some wild animals in 
the area were identified with about 4% of the 
farmers in the area. Similarly, drought effects had 
also manifested in the area in terms of vegetation 
loss subjecting the area into desertification 

process thereby forcing an indiscriminate 
movement of cattle by the herdsmen to 
Cameroon border threatens permanent soil 
degradation, cracking and drying of soils and 
disrupts crop growth [30,31,8]. In addition, the 
risk of serious environmental damage of drouht, 
particularly through vegetation loss and soil 
erosion, as has happened in the Sahel during the 
70s, has long term implications for the 
sustainability of agriculture [2]. Loss of aquatic 
animals and fishing activities was perceived by 4 
% of the farmers due to drought conditions in the 
study area. Similarly, loss of fishing grounds 
appeared as the second most negative effect of 
water scarcity on Njuwa Lake conceived by 12 % 
of respondents [22]. Moreover, 4 % of them also 
conceived that abandoning of rain-fed farming 
activities by the farmers was due to the drought 
negative impact forcing most of them to engage 
in irrigation framing due to its low or minimal 
natural hazards with total control of water use 
and management. The direct caused by drought  
are more complex and lead to changes in land-
use practices, abandonment of fertile lands, 
migration of rural population, heavy pressure on 
urban areas and so on[19]. Similarly, [32] 
reported that water scarcity had hit Sokoto State 
farmers around the border town of Illela where 
large tracks of land are unfarmed due to the 
scarcity of water. Loss of pastures, forages and 
grasses in the area was considered by the 
farmers (4%) which in turn affect grazing animals 
in the area. Droughts lead directly to Famine, 
deterioration of pasture [19]. The implications of 
decreasing rainfall include reduction in surface 
water availability, drought, crop failure and 
scarcity of animal fodders [33].  Understanding 
how droughts affect people, communities, 
businesses or economic sectors is key to taking 
steps towards mitigating the impacts of future 
droughts [5]. Climate change constitutes a very 
serious threat to sustainable agricultural 
production and food security in many parts of the 
world [33].  
 

3.4 Mitigation Strategies Adopted by the 
Farmers on the Negative Impact of 
Drought on Crop Production  

 

The farmers in the area has experienced the 
gross and rapid reduction of water in the study 
area in the recent decades have saddled 
strategically in adopting different ways in order to 
cope with the situation for proper crop 
performance [22]. Table 6 depicted the results of 
the mitigation strategies adopted by the farmers 
on the impact of drought on crop production. The 
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findings revealed that the use of early matured 
was adopted by most of the farmers (30%) 
towards mitigating the negative impact of drought 
in the area. This result agreed with findings in 
Iraq which revealed that most agricultural areas 
identified as water scarce, where many farmers 
have been forced to change their crops to 
varieties that require less water, as in Missan 
(100% of assessed farmers), Basra (99%) and 
Wassit (96%) respectively [25]. Early planting 
was perceived by 18 % of the farmers to have 
used in curtailing the hazards for sustainable 
food production. Conversely, delay planting was 
considered as the third mitigation strategy 
employed by 18 % of the farmers. Moreover, 
water harvesting techniques received 12 % 
among the farmers in the area with the aim of 
extenuating the negative impact drought. Use of 
low water potential crop varieties attracted 8 % of 
the farmers. The use of low water potential crop 
varieties was used by 16 % of the farmers as 
coping techniques on the insufficient problem of 
water faced in the irrigation site. Tillage method 
and mulching techniques each received 6 % of 
the farmers in the area. Only 4 % of the farmers 
have adopted that used of water supplement 
method (semi-irrigation) in curtailing the menace 
in the area. 
 

4. CONCLUSION 
 
Different drought indices have been used in 
assessing the intensity and effects of drought on 
agriculture and the ecosystem of a given 
geographical area. Among these methods 
percent of normal precipitation (PNP) is 
considered as the simplest and effective index 
for drought identification. In Yola South LGA of 
Adamawa State Nigeria, the PNP method was 
adopted with the aim of quantification of drought 
intensity and its impact on agricultural 
production. The result revealed that moderately 
dry conditions were observed in two years with 
six years of extremely wet seasons respectively. 
The impact of drought conditions in the area was 
considered as high which affect crop yield, drying 
of dams, reservoirs and lakes, livestock 
starvation, drop in the water Table and drying of 
soils among others. Farmers have employed 
various strategies such as the use of early 
mature crops, early planting, water harvesting etc 
towards mitigating the menace for adequate food 
production in the area. Therefore, the used of 
PNP method in the area provides dependable 
information on drought scenarios which can be 
used by the decision-makers on monitoring and 
providing of workable solutions to the farmers on 

future drought reoccurrence. Thus, it is therefore 
recommended the use of another meteorological 
drought index in the area with the aim of 
comparing the indices outcome for validation 
towards providing reliable information on drought 
in the study area respectively.   

 
CONSENT  
 
As per international standard or university 
standard, respondents’ written consent has been 
collected and preserved by the author(s). 

 
ACKNOWLEDGEMENT 
 
The researchers wishes to express his profound 
gratitude to all staffs of hydrology unit of 
UBRBDA, Yola for their technical support and all 
whose work were cited may you remain bless.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 
1. WMO. Standardized Precipitation Index 

User Guide WMO-No. 1090 2012. Chair, 
Publications Board World Meteorological 
Organization (WMO) 7 bis, avenue de la 
Paix Tel.: +41 (0) 22 730 84 03. P.O. Box 
2300 Fax: +41 (0) 22 730 80 40 CH-1211 
Geneva 2, Switzerland E-mail: 
publications@wmo.int ISBN 978-92-63-
11091-6 

2. Byun HR, Kim DW. Comparing the 
Effective Drought Index and the 
Standardized Precipitation Index. 
Department of Environmental Atmospheric 
Sciences, Pukyong National University, 
599-1 Daeyon-dong, Nam-gu, Busan 608-
737 (Republic of Korea); 2010.  

3. Lidija T, Tamara D Mihaela B.  
Comparison of different drought 
assessment methods in continental 
Croatia. GRAĐEVINAR. 2015;67(1):11-22. 
DOI: 10.14256/JCE.1088.2014 

4. Wanders N, van Lannen HAJ, van Loon 
AF. Indicators for Drought Characterization 
on a Global Scale, Technical Report 
No.24; 2010.  

5. World Meteorological Organization (WMO) 
and Global Water Partnership (GWP): 
Handbook of Drought Indicators and 
Indices. Integrated Drought Management 



 
 
 
 

Sadiq et al.; AJAHR, 6(4): 26-36, 2020; Article no.AJAHR.61158 
 
 

 
35 

 

Programme (IDMP), Integrated Drought 
Management Tools and Guidelines Series 
2; 2016. Geneva. ISBN 978-92-63-11173-9 
ISBN 978-91 87823-24-4 

6. Smakthin VU, Hughes DA. Automated 
estimation and analysis of meteorological 
drought characteristics from monthly data, 
Environmental Modeling and Software. 
2007;22(6):880-890.  

7. Morid S, Smakhtin V, Moghaddasi M. 
Comparison of Seven Meteorological  
Indices for Drought Monitoring in Iran, 
International Journal of Climatology. 2006; 
26:971-985. 
DOI: http://dx.doi. org/10.1002/joc.1264  

8. Sadiq AA. An estimation of rainfall 
seasonality index of Yola south LGA and 
its effects on agriculture and environment. 
African Journal of Environment and Natural 
Science Research. 2020a;3(9):3,57-72. 
ISSN: 2689-9434   

9. Sadiq AA, Suleman MU, Mohammed UB.  
An estimation of rainfall anomaly index and 
its impact on crop production in Yola and 
environs. African Journal of Environment 
and Natural Science Research 2020a; 
3(4):35-53. ISSN: 2689-9434    

10. Sadiq AA. Characterization and Implication 
of Drougth Conditions on Agricultural 
Production in Yola South LGA, Adamawa 
State Nigeria. ATBU. Journal of Science, 
Technology and Education (AJOSTE). 
2020b;8(3):112-121. ISSN:2277-0011 

11. Hayes MJ. Drought indices. National 
Drought Mitigation Center; 1999. 

Available:http://enso.unl.edu/ndmc 
12. Adebayo AA. Climate I (Sunshine, 

Temperature, Evaporation and Relative 
Humidity). In Adebayo AA, Tukur AL, 
editors. Adamawa State in Maps. (1999). 
Department of Geography, Federal 
University of Technology, Yola, Nigeria; 
1999.  

13. Upper Benue River Basin Development 
Authority. Yola.  Hydrological Year Report 
Book; 2018. 

14. Michael JH. Drought indices. climate 
impacts specialist. National Drought 
Mitigation Center, with Christina Alvord 
and Jessica Lowrey, WWA. Feature Article 
From Intermountain West Climate 
Summary; 2007. 
Available:http://drought.unl.edu/index.htm  

15. Gibbs WJ, Maher JV. Rainfall deciles as 
drought indicators. Bureau of Meteorology 
Bulletin, No. 48, Commonwealth of 
Australia, Melbourne; 1967. 

16. Samuel S, Allan H, Huamei Y, Fareeza K, 
Muhammad A. Statistical Analysis of 
Drought Indices and Alberta Drought 
Monitoring. Alberta Agriculture, Food and 
Rural Development. Conservation and 
Development Research. 2003;1-45. 

17. Umar AS, Musa H. Perception of and 
responses to climatic hazards by farmers 
in Adamawa state, Nigeria. Nigerian 
Journal of Tropical Agriculture. 200;7(2): 
256-261.   

18. Umar AS. Spartial patterns of drought 
occurrences in Upper Benue River Basin 
Authority Area. Msc.Thesis. 2001 
(Unpublished) in; Umar, A.S and Musa,             
H (2005). Perception of and responses           
to climatic hazards by farmers in  
Adamawa state, Nigeria. Nigerian         
Journal of Tropical Agriculture. 2005;7(2): 
256-261.   

19. Binbol NL, Adebayo AA, Oduwale HK, 
Lohor AA, Gana JN, Wakayi TA. (). A geo-
locational analysis of drougth 
severity/magnitude in the savannah         
region of Nigeria. NSUK Journal of science 
and technology. 2018;4:1&2: ISSN. 1597-
5527 

20. Mohammed D, Kwaghe P V, Bukar U, 
Umar J.  Economics of Adaptation to 
Climate Change among Crop Farmers in 
Adamawa State, Nigeria. IOSR Journal of 
Agriculture and Veterinary Science (IOSR-
JAVS). 2372. 2013;5:4:61-66.  
e-ISSN:2319-2380, p-ISSN:2319- 
Available:www.iosrjournals.org  

21. Mark WR, Ximing C, Sarah AC.                   
World Water and Food to 2025:               
Dealing with Scarcity. International Food 
Policy Research Institute Library of 
Congress Cataloging-in-Publication Data 
Washington, D.C. 2002;1-338.  
ISBN 0-89629-646-6  

22. Sadiq AA, Maryam A. Analysis of causes 
and effects of water scarcity at Njuwa lake 
of Rugangye irrigation farming in Yola 
south , north-eastern part of Nigeria. Agro-
Science. Journal of Tropical Agriculture, 
Food, Environment & Extension; 
2020.AGRSC.2020.024:1-25 (in press). 

23. Nigerian Television Authority (NTA). 
Farmers in Katsina State Loose N30m as 
Irrigation Dam Dries U; 2017. 
Available:www.nta.ng./news/infrstructure/2
017/05/08-farmers-katsina-losse-n300m 

24. Seo N, Mendelshn R. Climate Change 
Impacts on Animal Husbandry in Africa: A 
Ricardian Analysis. CEEPA Discussion 



 
 
 
 

Sadiq et al.; AJAHR, 6(4): 26-36, 2020; Article no.AJAHR.61158 
 
 

 
36 

 

Paper No. 9. Centre for Environmental 
Economics and Policy in Africa. University 
of Pretoria, South Africa; 2006. 

25. IOM-IRAQ Special Report IAU Water in 
Iraq Factsheet. Causes and effects of 
water scarcity throughout. UNDP Iraq, 
Drought: Impact Assessment, Recovery, 
and Mitigation Framework. National 
Development Plan. 2011;66:1-26: 
Available:http://www.iq.undp.org/Uploaded
Files/ 
Available:http://www.iauiraq.org/document
s/1138/Water%20in%20Iraq%20Factsheet
-Final.pdf. 3 Ibid.4 Ibid. Iraq.2Ibid. 3.   

26. Benhin JKA. Climate Change and South 
African Agriculture: Impacts and 
Adaptations. CEEPA Discussion Paper No. 
21 CEEPA, University of Pretoria, South 
Africa; 2006. 

27. Mano R, Nhemachena C. Assessment of 
the Economic Impact of Climate Change 
on Agriculture in Zimbabwe: A Ricardian 
Approach. CEEPA Discussion Paper No. 
11. Centre for Environmental Economics 
and Policy in Africa, University of Pretoria, 
South Africa; 2006 

28. Appa RG. Drought probability Maps. WMO 
CAgm NO.24 Tech note no 207; 1987. 

29. Redsteer MH. Kelly KB, Francis H, Block 
D. Disaster risk assessement case 

study:Recent droughts on the Navajo 
Nation Southwestern United States. 
Background paper presented for the 2011 
globall assessment report on disaster risk 
reduction, Geneva Switzerland. UNISDR; 
2010. 

30. Sadiq AA, Sadiqa B, Surayya A.  
Assessment of Substantive Causes of          
Soil Degradation on Farmlands in Yola 
South LGA, Adamawa State, Nigeria. 
International Journal of Scientific and 
Research Publications. 2019;9(4):537-547. 
ISSN 2250-3153. 
DOI: 10.29322/IJSRP.9.03.2019.p8865 

31. Sadiq AA. Preliminary study on Rugangye 
irrigation farming along River Benue Flood 
Plains in Yola South LGA, Adamawa State 
Nigeria. International Journal of Scientific 
Research Engineering & Technology 
(IJSRET). 2019;8(3):85-198.  ISSN 2278 – 
0882 

32. Igidi T. Desertification: Water scarcity hits 
Sokoto Farmers: Feature Sunday rust  
Sunday 8th February 2015.  

33. Adebayo AA, Zemba AA, Ray HH, Dayya 
SV.  Climate Change in Adamawa State, 
Nigeria: Evidence from Agro Climatic 
Parameters. Adamawa State University 
Journal of Scientific Research (ADSUJR). 
2012;2(2). 

 

© 2020 Sadiq et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

  

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/61158 


