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ABSTRACT

In coastal Winneba-Ghana, drought occurrence negatively affects the ecosystems and agriculture
and threatens food security and socio-economic livelihoods. Nevertheless, there exist dearth of
information on a detailed statistical evaluation of drought indices over this area. This study made a
comparative assessment of Standard Precipitation Index (SPI) and Standard Precipitation
Evapotranspiration Index (SPEI) over coastal-Winneba. A daily temperature and rainfall data from
1980-2019 acquired from the Ghana Meteorological Agency was used to perform SPI and SPEI.
Pearson correlation coefficient and cross-correlation, and Bland and Altman plot were used to test
for the strength and direction and the degree of agreement, respectively between SPI and SPEIL.
Results showed a strong and positive association between SPI and SPEI (0.90, 0.91, 0.84, and
0.93) at 1-, 3-, 6-, and 12-month timescales, respectively. Results again, showed a good degree of
agreement between SPI and SPEI (-0.06138, -0.00736, -0.05211, and -0.01810) at 1-, 3-, 6-, and
12-month timescales, respectively. Results further, showed that while both SPI and SPEI correlated
strongly with each other, SPEI performed better in the detection of severe and extreme droughts at
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all timescales than SPI. Additionally, results showed that in the absence of temperature data to
perform SPEI, the SPI can be used since the study found an acceptable degree of agreement
scores between SPl and SPEI at all timescales in the study area. The study, therefore,
recommends the utilization of numerous drought indices in drought performance assessment at a
particular region or locality to arrive at a strong decision.

Keywords: Climate change; coastal; drought; SPEI; SPI; Winneba.

1. INTRODUCTION

Drought, which is an intrinsic characteristic of a
changing climate, is a naturally reoccurring event

described by several climatological and
hydrological variables [1]. Drought, thus,
indicates a reduction in precipitation over

extended time duration, which may range from
several months to years [2]. Depending on the
frequency, duration, magnitude and severity,
drought can be considered as a meteorological,
agricultural, or hydrological, and socioeconomic
[3] and these classifications are often connected
to each other. For example, a meteorological
drought can lead to agricultural drought,
hydrological drought, and socioeconomic drought

[4].

Over the vyears, there have been several
improvements in the measurement of drought
extreme and severity, and these have led to the
creation of different drought indices: The Palmer
Drought Severity Index (PDSI) developed in
1965 [5], the Standard Precipitation Index (SPI)
in 1993 [6], and the Standard Precipitation
Evapotranspiration Index (SPEI) in 2010 [7]. As
confirmed by [7], the PDSI was a significant
development of drought indices as it enables the
determination of both positive (wetness) and
negative (dryness) values. These determinations
were based on the quantity and need hypothesis
of the water balance equation [7], and therefore,
requires precipitation, temperature, moisture
supply, runoff, and surface evaporation [7,8].
However, the PDSI has some weaknesses such
as the inability to assess multi-scale drought
characteristics [9] and the strong effect of the
calibration period [10].

The above-mentioned weaknesses caused the
development of the SPI [6], which addresses the
issue of multi-scalar type of drought. While many,
including the World Meteorological Agency
(GMA) identify the SPI as the principal reference
drought index [11], it has been deficient by its
ability to use only precipitation data and ignore
other important climatic variables such as
temperature and evapotranspiration [7,12]. The

SPlI thus emphasises the \variations in
precipitation as the major determinant of drought.
[13] have stressed against the exclusion of
temperature. [13] in their study on the role of
temperature and precipitation in the PDSI, found
equal responses in both variables. Precipitation
variability was stronger only at the point where
temperature variability was lesser [13]. The SPEI
provides a simple evaluation and presents
detailed drought data by considering monthly
water changes [8]. It thus can determine the
differences between precipitation and potential
evapotranspiration [8]. The SPI
and the SPEI indices have been employed in this
study.

Several pieces of studies on drought indices and
occurrences have been performed worldwide
[14,15,16,17,18]. [14] employed different drought
indices to assess climate change impacts. [15]
also, utilized different drought indices to assess
the evolution of drought impacts on corn yield in
Moldova. [16] have also used different drought
indices for ecological, agricultural, hydrological
performances. Besides, [17] applied different
drought indices in China. [18] has further
examined the performance of SPI, SPEI, and
PDSI indices for agricultural drought in North
China Plain.

The occurrence of drought has remained one of
the greatest challenges in many parts of the
world especially, in the water scarcity zones
[19,20]. [4] in their study on drought modelling,
considered drought as a severe and expensive
event worldwide because of climate change and
other extreme natural occurrences. Findings from
the study of [21] confirmed a major increase in
the frequency, severity, and duration of drought
in Africa, Southern Australia, and eastern Asia.
Findings from a study by [22] further emphasized
the increases in intensity of future drought
occurrences a result of global warming.

Drought has a regional trajectory, and its
occurrence differs from one climatic region to the
other [23]. According to the data from the
Emergency Events Database (EM-DAT),
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between 1900 to 2020, drought affected over 2
billion people worldwide, and caused damages
over 182 million United States Dollars with over
11 million deaths [24]. On continental level, Asia
is the most affected by drought (78.4%) of the
world’s total followed by Africa (16.6%), the
Americas (4.0%), Europe (0.6%) and the
Oceania (0.4%) [24]. While Asia is considered
the most affected continent, Africa has the
highest number of drought occurrences with
Ethiopia and Somalia recording the highest
drought occurrences in Africa between 1900 and
2020 [24,25]. Ghana has experienced many
severe and extreme
drought in the 1970’s, 1980’s, and 2000-2013
[24,26].

There exist several pieces of evidence on
drought occurrences in Ghana
[27,28,29,30,31,32,33]. Many of these studies
have either analysed drought occurrences for the
whole Ghana or for the Volta basin zones
[27,30,31,33]. However, data for these studies
are either analysed for the whole country or
whole agro-ecological zone. While such analyses
are essential to filling the information gap on
drought in the country, they tend to limit details of
specific places especially, looking at the
variability in rainfall from the local to regional and
to the global level. These studies have also
employed only the Standard Precipitation Index
(SPI) in their analyses and while this is important
for drought indices assessment, a comparison of
drought indices provides a comprehensive
assessment of drought occurrences [8]. [31]
made the effort to compare both SPI and SPEI to
assess drought indices over the entire Volta
basin of Ghana. Consequently, there is no single
study that has employed both the SPI and SPEI
in assessing drought indices over specific place
in Ghana. A specific site assessment for drought
is, thus needed. Such study will not only bridge
the information gap on drought on specific site in
Ghana but will enrich the literature on drought
occurrences in Ghana.

This study, therefore, seeks to assess the
performance of SPl and SPEI over Winneba-
Ghana. The study specifically, compared SPI
and SPEI indices, performed correlation analysis
between SPlI and SPEI, and examined the
degree of agreement between SPI and SPEI.
The study is organized as follows: section 2
provides a brief description of the study area and
highlight the data and methods, section 3 shows
the results and discussion, and section 4
provides conclusion.
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2. MATERIAL AND METHODS
2.1 Study Area

Winneba, the capital of the Effutu municipality is
geographically located between latitude 5° 20" N
and longitude 0° 37' W (Fig. 1). It is a coastal
town, and its climatological features fall into the
coastal savannah agroecological zones of
Ghana. Annual mean temperatures range from
22°C to 28°C. The main rainfall season starts
from April to July and drops in August while the
minor season begins in September and ends in
November [34]. Annual rainfall in Winneba
ranges between 400 millimetres to 500
millimetres [34] and have June and January are
the wettest and driest months, respectively.
Winneba has coastal savannah grassland
vegetation which is suitable for vegetable
farming. Soils in this area are mostly clayey with
high salinity [34]. Two major rivers drain the area:
the Ayensu and the Gyahadze rivers. Winneba
had a total population of 68,597 as of 2012 with
32,795 and 35,802 males and females,
respectively [34]. Fishing and farming are the
major economic activities followed by services.

2.2 Data and Quality Control

The study used daily temperature (maximum and
minimum) and rainfall data of Winneba synoptic
station of the Ghana Meteorological Agency
(GMet). The GMet has provided meteorological
data in Ghana for many years. In 1937, the
Meteorological Department was established right
after the Second World War. The department
was however, handed over to Ghana’s Ministry
of Communications in 1957 where Ghana
officially became independent. 14 synoptic
stations, fully equipped with meteorological
equipment were established in 1957 and were
supported by about 350 stations measuring
precipitation, temperature, humidity, wind,
clouds, among others. More expansions were
made during the 1960s but the economics crises
which occurred in Ghana in the 1970s and 1980s
caused a declined in the operations of the
meteorological stations. Upgrades were made in
the late 1990s and currently GMet has 22
synoptic stations and about 310 meteorological
stations operating every 24 hours a day [35].

Quality control check was performed on the
temperature (maximum and minimum) and
rainfall datasets to see the percentage of missing
values and any outliers within the data. From this
analysis, the total percentage of missing values



in the dataset were less than 1%. Missing data
were given a value of -99.9 in the R statistical
package. The period of data employed in the
analysis ranged from 1980-2019 (40 years).
Outliers (values greater or less than 3o0 from the
long-term average value for a particular month)
were noticed in the monthly daily maximum and
minimum data and rainfall.

2.3 Methods

The Standard Precipitation Evapotranspiration
Index (SPEI), Standard Precipitation Index (SPI),
Pearson correlation coefficient, cross-correlation,
and the Bland and Altman plot were the methods
utilized in this study.

2.3.1 Standard Precipitation Evapotranspira-
tion Index (SPEI)

The SPEI [7] was computed using the SPEI
package in the R statistical package [36]. The
SPEI package requires long term temperature
(maximum and minimum) and rainfall data. The
SPEl has been employed in many drought
studies and has been found suitable
[8,37,38,39,40]. To estimate the value of SPEI,
the variation in water balance is normalized as
log-logistic probability distribution. The probability
density function as used by [41] is expressed in
the equation below.

o=t () 1+ (5]
Where a, B, and y are scale, shape, and origin,

respectively [41]. The probability distribution
function can, therefore, be expressed as:

(1)

—_ a ﬂ -
fx) = [1 + (;) ] (2)
The calculation of the SPEI by [7] is shown
below.

€O+ C1W + C2W
1+d1W +d2w? + d3w3

SPEI = W —

®)

When P 0.5, W =,/—2In(P), and P > 0.5, W

J=2In(1=P), C, = 2.5155, C; = 0.8028, C,

0.0203, d4 = 1.4327, d, = 0.1892, d; = 0.0013.

2.3.2 Standard Precipitation Index (SPI)

The SPI [6] was also computed from the SPEI
package in the R statistical package [36]. The
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SPI has also been widely employed in assessing
drought [26,41,42,43,44,45,46]. The SPI is
calculated by applying long-term precipitation
data. An incomplete gamma distribution is then
mounted and changed to normal distribution. The
gamma is shown as the probability density
function [47,48]. The SPI is mathematically
expressed as:

1

P
_1 -7
Bar(a)x“ e B,x> 0

g(x) = 4)
Where, a and B are shape and scale,
respectively. x is precipitation amount and I'(a) is
the gamma function. The I'(a) is expressed as:

X

MNa) = fomx“‘l e P dx (5)

The greatest values of a and 3 are assessed by
the likelihood method as shown below.

1 4A
a[l-l- ’1+ ?]

2‘ were, A = In(X) — M, where n is the

b= "

number of precipitation sequence.

a =

(6)

The aggregate probability of a particular month is
expressed in the equation below.

Gx)= [y 6x)dx = *x@ 1 e~ x/B dx(7)

1
BT (a) fo
The SPI can, therefore, be computed as:

t —(ct2 + c10) + c0
[(d3t + d2)t +d1] t + 1.0

I 1
" )2

Where X is the precipitation amount, G(X) is the
gamma function of precipitation probability
distribution, S is the positive and negative
coefficient of the aggregate probability
distribution, when G(X) > 0.5, S = 1, and when
G(X)=0.5, S =-1, Cy = 25155, C; = 0.8028, C,
=0.0103, dy = 1.4327, d, = 0.1892, d; = 0.0013.

SPI =§

t =

2.2.3 Pearson correlation coefficient and

cross-correlation

To establish a relationship between SPI and
SPEI, statistical technique such as the Pearson
correlation and cross- correlation was used. The
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Pearson correlation and cross- correlation have
been used by [8,49,50,51,52] to establish
statistical relationships for drought indices. The
Pearson correlation coefficient is considered by
[53] and [54] as the most common statistical
method to detect the relationship between two
variables. The Pearson correlation coefficient
ranges from a perfect positive linear relationship
with value of +1 to a perfect negative linear
relationship with value of -1. Cross-correlation on
the other hand assess the similarity between two
different variables at different time lags [55].
Cross-correlation value also ranges -1 to +1. The
closer the value is to +1, the more positive and
stronger the variables are correlated.

2.3.4 Bland and Altman Plot

The Bland and Altman plot was used to examine
the degree of agreement between SPI and SPEI.
The Bland and Altman’s plot, which is a graphical
representation has been used in several studies
(e.g., [56,57,58] to examine the degree of
agreement between methods. [59] established
the Bland and Altman plot for comparing the

0’4()|'0"W 0°36“0"W
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difference and mean between two methods. The
results of the difference are plotted on the y-axis
against the mean on the x-axis. The difference in
mean and the standard deviation are used to
design the limits of agreement, which quantifies
the agreement between two methods. [60] has
established that the high dispersion of points on
the Bland and Altman plot indicates an uneven
bias between the two methods. Therefore, based
on the rules established by [59], the differences
and mean of every single set of SPI and SPEI
values were calculated separately. In this study
however, the mean difference (Bias) and the
standard deviation (SD) were calculated from the
difference of every single set of SPI and SPEI
values. The lower (Bias -1.96) and the upper
(Bias +1.96) limits of agreement were computed
at 95% confidence interval.

The study employed 1-, 3-, 6-, 9-, and 12-
months’ SPI and SPEI for analysis. This was
done to reveal drought occurrences, severity and
extreme in short, medium, and long terms.
Drought categorization of SPI and SPEI values
(Table 1) based on [61] is adopted in this study.

5°24'0°"N

soborjpanyin

S"ZQ'O"N

600 km
|

Gulf of Guinea

BURKINA FASO R

o — e v

COTE DIVOIRE

Gull of Guinea

Legend
[l District Capital
®  Other Important Towns
/" Roadnetwork

N~ Rivers

0°400"W 0°360'W

Fig. 1. Geographical map of the Effutu municipality showing Winneba (Cartography, GIS, and
remote sensing laboratory of the university of education, Winneba)
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Table 1. Drought categorization based on SPEIl and SPI values [61]

SPI and SPEI values Category
2.00 and above Extremely wet
1.50 to 1.99 Very wet
1.00 to 1.49 Moderately wet
-0.99t0 0.99 Mild drought
-1.00 to -1.49 Moderate drought
-1.50 to - 1.99 Severe drought
<-2.00 Extreme drought

Table 2. Drought characteristics over Winneba

SPI-1 SPEI1  SPI-3 SPEI-3 SPI-6 SPEI-6 SPI-12  SPEI-12

Mild drought 427 401 391 402 387 389 373 381
Moderate drought 33 51 54 33 62 34 66 34
Severe drought 18 20 29 34 21 31 27 30
Extreme drought 2 8 4 9 5 21 3 24

3. RESULTS AND DISCUSSION
3.1 Comparison between SPI and SPEI

Fig. 2a, b, ¢, and d report SPI and SPEI values at
1-, 3-, 6-, and 12-month timescales over
Winneba respectively from 1980-2019. It is
obvious that both SPI and SPEI have identified
more of mild type of drought in the short-term (1-
and 3-month), medium-term (6-month) and the
long-term (12-month) (Table 2). However, there
exist great disparities in SPI and SPEI in terms of
drought severity and extreme at all timescales.

Based on the short-term, the 1-month SPI
detected extreme (severe) droughts in 1990 and
2015 (1980-1982, 1984, 1987, 1988, 1990, 1998,
and 2011) while SPEI detected extreme (severe)
drought in 1980, 1982, 1984-1986, and 1990
(1980-1982, 1984, 1985, 1990, 1992, 2007, and
2008). The 3-month SPI also identified extreme
(severe) droughts in 1980 and 1990 (1980-1982,
1984-1986, 1990, 1998, and 2009) while that of
SPEI detected extreme (severe) droughts in
1980, 1982-1984, 1989, and 1990 (1980-1984,
1986, 1990, 1992, 1995, 1998, 2001, and 2009).

On the medium-term, the 6-month SPI identified
extreme (severe) in 1980, and 1981 (1980-1984,
and 1986) and that of the SPEI identified
extreme (severe) droughts in 1980, 1981-1984,
and 1990 (1980-1984, 1986, 1988, and 1990).
On the long-term, the 12-month SPI identified
extreme (severe) in 1981 (1980, 1981, 1983-
1986) while that of the SPEI identified extreme
(severe) droughts in 1980, 1981, 1983, 1984,

and 1986 (1981, 1982, 1984-1986, 1990, and
1991).

In summary, both SPI and SPEI are better
indices to be employed in drought severity and
extreme assessment as has been confirmed in
studies such as [8,18,30,31,62,63,64]. In this
study, SPEI was able to identify clearer extreme
and severe droughts over Winneba than SPI. It
thus, can be said that SPEI is better suited for
extreme and severe drought assessment in the
short, medium, and long terms. The SPEl's
clearer performance in this study conforms to
studies such as [8,62,65].

[65] employed SPI and SPEI in drought analysis
at different timescales in Inner Mongolia and their
findings suggested a more utilization of the SPEI
than the SPI in drought assessment. A similar
finding showing the SPEI robustness has again
been established by [62] who compared the
suitability of the SPI and SPEI for drought
probability distributions in Europe. Also, findings
by [8] who compared SPI and SPEI indices on
drought severity and extreme in Bangladesh,
indicated the better performance of SPEI than
SPI. As reported by [65], climate dynamics and
variations in climatic conditions in different
regions and localities will always result in
variations between the SPI and SPEI. There is
no doubt that SPI is a better index for detecting
drought variations. However, its neglect of the
effect of evaporation on drought makes it
deficient and may not be appropriate for drought
monitoring in arid and semi-arid regions or
localities [66,67,68]. The SPI in this study only
considered precipitation over Winneba as the
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main index and this probably resulted to less in the August 2015 while the SPEI identified mild
detection of the drought values. It must be noted  drought.
that, the SPI was able to identify extreme drought
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Fig. 2. SPI and SPEI values for Winneba. (a) 1-, (b) 3-, (c) 6-, and (d) 12-month timescales
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As established by [69], temperature in Winneba
has been increasing and the inclusion of
temperature in the SPEI index resulted in its
better performance at all timescales (Fig. 3)
making the performance of the SPI deficient in
this study. Findings by [8] stressed the better
performance of the SPEI due to its utilization of
the potential evapotranspiration (PET) parameter
as an additional input. This finding is again
supported by [70] who reported a greater
reliability in the utilization of PET with the
hydrological drought index. Findings in the study
[71] also emphasised that the SPEI detects
actual drought situations since increasing
temperature and decreasing rainfall causes
higher evaporation. This study thus supports the
statement by [8] that precipitation and PET
propagate unique climatic changeability of
drought extreme and severity.

Fig. 3 illustrates the number of severe and
extreme drought occurrences at different
timescales over Winneba. SPEI clearly identified
more extreme and severe drought occurrences
over Winneba than SPI. For the 1-month
timescale, SPEI recorded 8 and 20 months of
extreme and severe droughts, respectively while
that of the SPI recorded 18 and 2 months of
severe and extreme droughts, respectively. For
the 3-month timescale, a similar pattern was
identified for extreme (9 months) and severe (34
months) for SPEI and extreme (4 months) and
severe (29 months) for SPl. The 6-month
timescale also recorded extreme of (21 months)
and severe of (31months) while that of the SPI
recorded extreme of (5 months) and severe (21
months).

For the 12-month timescale, SPEI recorded
extreme of (24 months) and severe of (30
months) while that of the SPI recorded extreme
of (3 months) and severe of (27 months). This
study has detected decadal extreme and severe
droughts occurrence in the 1980s, 1990s, 2000s
and 2010s over Winneba. This result can be
compared with other drought studies in Ghana
(e.g., [26,27,30]. [26] has utilized the SPI index to
mild to extreme drought in coastal Ghana. [27]
has also employed the SPI index to identify
drought in the Volta Basin of Ghana. [30] further
utilized the SPI index to detect drought in the
Volta Region of Ghana.

3.2 Correlation Analysis of SPI and SPEI

The Pearson correlation coefficient was
employed to determine the linear correlation
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between SPI and SPEI| at different timescales
(Fig. 4). Strong and significant linear correlation
was found between SPI and SPEI at all
timescales: 1-month (r=0.90 at P =.05), 3-month
(r=0.91 at P =.05), 6-month (r=0.84 at P = .05),
and 12-month (r=0.93 at P = .05) and both
indices show increasing trend. This finding is in
consistent with SPI and SPEI comparison study
done by [8] in Bangladesh, [58] in Tigray Region,
Northern Ethiopia, [72] in Pakistan, and [73] in
the Upper Blue Nile Basin, Ethiopia. In
disagreement with the finding of this study is that
of [74] who compared SPI and SPEI indices in
the Chi River basin, Thailand and reported a
decreasing trend. Other inconsistent studies
including [75] in Bangladesh and [76] in Iran
compared the SPl to other indices such as
Effective Drought Index (EDI) and found better
performance in the EDI than the SPI.

The cross-correlation method was again used to
examine the relationship between lagged SPI
and SPEI. At 1-month time lag, strong and
positive correlations were established for both
the short-term (0.92 and 0.95), medium-term
(0.92), and long-term (0.96) droughts. In this
study, all trends in SPI and SPEI indices have
been identified to be strong and positive and
drought occurrences are frequent. This finding,
therefore, reinforces [77] and [78] assertion that
global warming has increased drought
occurrences in this century in many regions and
localities of the world.

[79] do not accept the use of the Pearson
correlation as a method of examining the degree
of agreement between two variables. [79] are of
the view that two variables can be positively
(negatively) correlated however, with no
agreement between them. [80] and [54] have
also advised against the use of correlation for
comparing variables. Therefore, the correlation
analysis in this study shows the strength and
direction of the linear association between the
SPI and the SPEI and not the level of agreement
or differences.

3.3 Degree of Agreement between SPI
and SPEI

To detect the degree of agreement or difference
between SPI and SPEI, the Bland and Altman
plot was employed (Fig. 5). As has been reported
by [60], the Bland and Altman plot provide a
graphical illustration of the agreement between
two assessments. To detect a better degree of
agreement in the Bland and Altman’s plot, the
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differences in the average of the two methods or
variables should be close to zero [54]. In this
study, SPI and SPEI detected mean difference
values close to zero ( -0.06138, -0.00736, -
0.05211, and -0.01810) for 1-, 3-, 6-, and 12-
month timescales, respectively. Thus, a good
agreement exits between SPI and SPEI at all
timescales. This finding is conformity with the
finding of [58] who employed the Bland and
Altman’s plot to detect the degree of agreement
between SPI and SPEI as drought assessment

40 Drought characteristics
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tools in Tigray Region of Northern Ethiopia. The
finding also conforms to [80] who asserted that a
good agreement is achieved if point dispersion is
reduced, and points get closer to the mean (bias)
line. Fig. 5 thus, shows a good degree of
agreement since majority of the points at all
timescales are closer to the bias line and with
majority of the dispersion confined within the
upper (+1.96SD) and lower (-1.96SD) limits of
each timescale.

Severe Drought
Extreme Drought

SPEI-6 SPI-6 SPEI-12 SPI-12

Fig. 3. Frequency of severe and extreme drought events in Winneba (1980-2019) based on SPI

and SPEI
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Fig. 4. Correlation between SPI and SPEI at (a) 1-, (b) 3-, (c) 6-, and (d) 12-month timescales
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Fig. 5. Bland and Altman plot showing SPI and SPEI at (a) 1-, (b) 3-, (c) 6-, and (d) 12-month
timescales

4. CONCLUSION

The study compared the performances of SPI
and SPEI drought indices over Winneba-Ghana.
The SPI and SPEI featured drought occurrences,
severity and, extreme from 1980-2019. The
association and the degree of agreement
between SPI and SPEI were established using
Pearson correlation coefficient and cross-
correlation, and the Bland and Altman plot,
respectively.

Results show that between 1980-2019, the mild
drought type has occurred many times in
Winneba under both SPI and SPEIl. SPI and
SPEI performances with respect to drought
severity and extreme were the focus of the study.
The results again, show a strong and positive
association between SPI and SPEI (0.90, 0.91,
0.84, and 0.93) at 1-, 3-, 6-, and 12-month
timescales, respectively. Also, a good degree of
agreement was found between SPI and SPEI (-

0.06138, -0.00736, -0.05211, and -0.01810) at 1-
, 3-, 6-, and 12-month timescales, respectively.

The study further, established that while both the
SPI and SPEI correlate very well with each other,
the SPEI performed better than the SPI in
drought occurrences, severity, and extreme
detections in Winneba at all timescales. The
SPEI's great performance was due to the
inclusion of PET in the analysis. Variations in
PET affect the water balance system such as
surface runoff and natural water need. Increases
in PET will, therefore, have a negative effect on
crop yield in Winneba whose agricultural activity
is rain-fed. This thus, makes evaporative
requirement an essential
element in defining drought conditions in
Winneba.

The results of the study have shown strength in
SPEI than SPI as drought assessment tools in
Winneba. Nevertheless, the significance of SPI
cannot be overlooked. This is because the SPI
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showed a good agreement with SPEI in the
agreement analysis. Also, the SPI was able to
the detect decadal extreme drought in the 2010s
in the periods analysed while the SPEI failed.
The SPI can, therefore, be used when there
exists unavailability of temperature data to
perform SPELI. This study, therefore,
recommends the utilization of numerous drought
indices when assessing the duration, extreme,
and severity of drought at a particular region or
locality to arrive at a strong decision.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Smakhtin VU, Hughes DA. Review,
automated estimation and analyses of
drought indices in South Asia. Working

paper 83. Colombo, Sri Lanka.
International Water Management Institute;
2004.

2. Dai A. Drought under global warming: A
review. Wiley Interdiscip Rev Clim Chang.
2011;2:45-65.
Available:https://doi.org/10.1002/wcc.81.

3. Orimoloye IR, Ololade OO, Mazinyo SP,
Kalumba AM, Ekundayo OY, Busayo ET,
Akinsanola AA, Nel W. Spatial
assessment of drought severity in Cape
Town area, South Africa. Heliyon.
2019;5(7):02148.
DOI:10.1016/j.heliyon.2019.e02148.

4. Mishra A, Singh VP. Drought modeling—A
review. J. Hydrol. 2011;403(1-2):157-175.
Available:https://doi.org/10.1016/j.jhydrol.2
011.03.049.

5. Palmer WC. Meteorological droughts. U.S.
Department of commerce, weather
bureau, Washington DC, Research Paper.
1965;45:58.

6. McKee TB, Doesken NJ, Kleist J. The
relationship of drought frequency and
duration to time scales. In proceedings of
the 8th conference on applied climatology.
American Meteorological Society, Boston,
MA, USA. 1993;17(22):179-183.

7. Vicente-Serrano SM, Begueria S, Lépez-
Moreno JI. A multiscalar drought index

sensitive to global warming: The
standardized precipitation
evapotranspiration index. J. Climate.

2010;23:1696-1718.

Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

Available:https://doi.org/10.1175/2009JCLI
2909.1.

8. Uddin MJ, Hu J, Islam ARMT, Eibek KU,
Nasrin MZ. A comprehensive statistical
assessment of drought indices to monitor
drought status in Bangladesh. Arab J
Geosci. 2020;13:323.
Available:https://doi.org/10.1007/s12517-
020-05302-0.

9. Belayneh A, Adamowski J. Drought
forecasting using new machine learning
methods/Prognozowanie suszy z
wykorzystaniem automatycznych
samouczgcych sie metod. J Water L Dev.

2013;18:3-12.
Available:https://doi.org/10.2478/jwld-
2013-0001.

10. Weber L, Nkemdirim L. Palmer's drought
indices revisited. Geografiska Annaler.
Series A, Physical

Geography. 1998;80(2):153-172.
Available:http://www jstor.org/stable/52109
1.

11. Hayes M, Wilhite DA, Svoboda M,
Vanyarkho O. Monitoring the 1996 drought
using the standardized precipitation index.
Bull. Amer. Meteor. Soc. 1999;80:429—
438.
Available:https://doi.org/10.1175/1520-
0477(1999)080%3C0429:MTDUTS%3E2.
0.CO;2.

12.  Wang Ky, Li Qf, Yang Y, Zeng M, Li P-C,
Zhang J-X. Analysis of spatio-temporal
evolution of droughts in Luanhe River
Basin using different drought indices.
Water Sci Eng. 2015;8:282-290.
Available:https://doi.org/10.1016/j.wse.201
5.11.004.

13.  Hu Q, Willson GD. Effect of temperature
anomalies on the palmer drought severity
index in the central United States. Int. J.
Climatol. 2000;20:1899-1911.
Available:https://doi.org/10.1002/1097-
0088(200012)20:15<1899::AlD-
JOC588>3.0.CO;2-M.

14. Mavromatis T. Use of drought indices in
climate change impact assessment
studies: An application to Greece. Int J
Climatol. 2010;30:1336—1348.
Available:https://doi.org/10.1002/joc.1976.

15.  Potop V. Evolution of drought severity and
its impact on corn in the Republic of
Moldova. Theor Appl Climatol.
2011;105:469-483.
Available:https://doi.org/10.1007/s007 04-
011-0403-2.

49



16.

17.

18.

19.

20.

21.

22.

23.

24.

Vicente-Serrano SM, Begueria S,
Lorenzo-Lacruz J, Camarero JJ, Lopez-
Moreno JI, Azorin-Molina C, Revuelto J,
Moran-Tejeda E, Sanchez-Lorenzo A.
Performance of drought indices for
ecological, agricultural, and hydrological
applications. Earth Interact. 2012;16.
Available:https://doi.org/10.1175/2012E100
0434 .1.

Yang Q, Li MX, Zheng ZY, Ma ZG.
Regional applicability of seven
meteorological drought indices in China.
Sci China Earth Sci. 2017;60:745-760.
Available:https://doi.org/10.1007/s11430-
016-5133-5.

Liu X., Zhu X, Pan Y, Bai J, Li S.
Performance of different drought indices
for agriculture drought in the North China
Plain. J. Arid Land. 2018;10:507-516.
Available:https://doi.org/10.1007/s40333-
018-0005-2.

Van Loon AF, Van Lanen HAJ. Making the
distinction between water scarcity and
drought using an observation-modeling
framework. Water Resour Res.
2013;49:1483-1502.
Available:https://doi.org/10.1002/wrcr.2014
7.

Belal AA, El-Ramady HR, Mohamed E,
Saleh AM. Drought risk assessment using
remote sensing and GIS techniques. Arab.
J. Geosci. 2012;7:35-53.
Available:https://doi.org/10.1007/s12517-
012-0707-2.

Spinoni J, Naumann G, Carrao H, Barbosa
P, Vogt J. World drought frequency,
duration, and severity for 1951-2010. Int.
J. Climatol., 2014;34:2792-2804.
Available:https://doi.org/10.1002/joc.3875.
Nam WH, Hayes MJ, Svoboda M,
Tadesse T, Wilhite DA. Drought hazard
assessment in the context of climate
change for South Korea. Agric. Water
Manag. 2015;160(C):106-117.

DOI: 10.1016/j.agwat.2015.06.029.
Cancelliere A, Nicolosi V, Rossi G.
Assessment of drought risk in water supply
systems. In coping with drought risk in
agriculture and water supply systems;
Iglesias A, Cancelliere A, Wilhite DA,
Garrote L, Cubillo F, Eds. Advances in
Natural and Technological Hazards
Research; Springer: Dordrecht, The
Netherlands; 2009.

Emergency Events Database (EM-DAT).
The international disaster database.
Accessed 20 February 2021.

Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

50

25.

26.

27.

28.

29.

30.

31.

32.

Available:https://www.emdat.be/index.php
#letterd.

Adisa OM, Masinde M, Botai JO, Botai
CM. Bibliometric analysis of methods and
tools for drought monitoring and prediction
in Africa. Sustainability. 2020;12(16):6516.
Available:http://dx.doi.org/10.3390/su1216
6516.

Addi M, Asare K, Fosuhene SK, Ansah-
Narh T, Aidoo K, Botchway CG. Impact of
large-scale climate indices on
meteorological drought of coastal Ghana.
Advances in Meteorology. 2021;17.
Available:https://doi.org/10.1155/2021/889
9645.

Kasei R, Diekkriger B, Leemhuis C.
Drought frequency in the Volta Basin of
West Africa. Sustain Sci. 2010;5:89-97.
DOI:10.1007/s11625-009-0101-5.

Sahoo AK, Sheffield J, Pan M, Wood EF.

Evaluation of the tropical rainfall
measuring mission multi-satellite
precipitation analysis  (TMPA)  for

assessment of large-scale meteorological
drought. Remote Sensing of Environment.
2015;159:181-193.
Available:https://doi.org/10.1016/j.rse.2014
.11.032.

Ndehedehe CE, Awange JL, Corner JR,
Kuhn M, Okwuashi O. On the potentials of
multiple climate variables in assessing the
spatio-temporal characteristics of
hydrological droughts over the Volta Basin.
Science of the Total Environment.
2016;557:819-837.
Available:https://doi.org/10.1016/j.scitotenv
.2016.03.004.

Nyatuame M, Agodzo S. Analysis of
extreme rainfall events (Drought and
Flood) over tordzie watershed in the Volta
Region of Ghana. Journal of Geoscience
and Environment Protection. 2017;5:275-
295,

DOI:10.4236/gep.2017.59019.

Oguntunde PG, Abiodun BJ, Lischeid G.
Impacts of climate change on hydro-
meteorological drought over the Volta
Basin, West Africa. Global and Planetary
Change. 2017;155:121-132.
Available:https://doi.org/10.1016/j.gloplach
a.2017.07.003.

Dovie DBK, Kasei RA. Hydro-climatic
stress, shallow groundwater wells and
coping in Ghana's White Volta basin.
Science of the Total Environment.
2018;636:1268-1278.



33.

34.

35.

36.

37.

38.

39.

40.

Available:https://doi.org/10.1016/j.scitotenv
.2018.04.416.

Incoom ABM, Adjei KA, Odai SN. Rainfall
variabilities and droughts in the Savannah
zone of Ghana from 1960-2015. Scientific
African. 2020;10:00571.
Available:https://doi.org/10.1016/j.sciaf.20
20.e00571.

Ghana  Statistical Service  (GSS).
Population and housing census. District
analytical report: Effutu Municipality; 2010.
Accessed 5 March 2021.
Available:https://www?2.statsghana.gov.gh/
docfiles/2010_District_Report/Central/Effut
u.pdf.

Ghana Meteorological Agency (GMet).
Achievements and milestones. Accessed 5
March 2021.
Available:https://www.meteo.gov.gh/gmet/
achievements-milestones/.

Begueria S, Sergio M, Vicente-Serrano
SM. SPEI: Calculation of the standardised
precipitation-evapotranspiration index;
2017.

Available:https://CRAN.R-
project.org/package=SPEI.

Monish NT, Rehana S. Suitability of
distributions for standard precipitation and
evapotranspiration index over
meteorologically homogeneous zones of
India. J Earth Syst Sci. 2020;129:25.
Available:https://doi.org/10.1007/s12040-
019-1271-x.

Yao N, Li L, Feng P, Feng H, Liu DL, Liu
Y, Jiang K, Hu X, Li Y. Projections of
drought characteristics in China based on
a standardized precipitation and
evapotranspiration index and multiple
GCMs. Science of the Total Environment.
2020;704:135245.
Available:https://doi.org/10.1016/j.scitotenv
.2019.135245.

Nguyen PL, Min SK, Kim YH. Combined
impacts of the El Nifilo-Southern oscillation
and pacific decadal oscillation on global
droughts assessed using the standardized
precipitation evapotranspiration index. Int J
Climatol. 2021;41(1):1645-1662.
Available:https://doi.org/10.1002/joc.6796.
Zhao R, Wang H, Chen J, Fu G, Zhan C,
Yang H. Quantitative analysis of nonlinear
climate change impact on drought based
on the standardized precipitation and
evapotranspiration index. Ecological
Indicators. 2021;121:107107.
Available:https://doi.org/10.1016/j.ecolind.
2020.107107.

51

Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

41.

42.

43.

44.

45.

46.

47.

48.

Liu C, Yang C, Yang Q, Wang
J. Spatiotemporal drought analysis by the
standardized precipitation index (SPI) and
standardized precipitation
evapotranspiration  index (SPEIl) in
Sichuan Province, China. Sci
Rep. 2021;11:1280.
Available:https://doi.org/10.1038/s41598-
020-80527-3.

Achou K, Meddi M, Zeroual A, Bouabdelli
S, Maccioni P, Moramarco T. Spatio-
temporal analysis and forecasting of
drought in the plains of northwestern
Algeria using the standardized
precipitation index. J Earth Syst
Sci. 2020;129:42.
Available:https://doi.org/10.1007/s12040-
019-1306-3.

Bong CHJ, Richard J. Drought and climate
change assessment using Standardized
Precipitation Index (SPI) for Sarawak River
Basin. Journal of Water and Climate
Change. 2020;11(4):956-965.
Available:https://doi.org/10.2166/wcc.2019
.036.

Jasim Al, Awchi TA. Regional
meteorological drought assessment in
Irag. Arab J Geosci. 2020;13:284.
Available:https://doi.org/10.1007/s12517-
020-5234-y.

Kalisa W, Zhang J, Igbawua T, Ujoh F,
Ebohon OJ, Namugize JN, Yao F. Spatio-
temporal analysis of drought and return
periods over the East African region using
Standardized Precipitation Index from
1920 to 2016. Agricultural Water
Management. 2020;237:106195.
Available:https://doi.org/10.1016/j.agwat.2
020.106195.

Mohanta DR, Soren J, Sarangi SK, Sahu
S. Meteorological drought trend analysis
by standardized Precipitation Index (SPI)
and reconnaissance drought index (RDI):
A case study of Gajapati District. Int J
Chem Stud. 2020;8(3):1741-1746.
DOI:10.22271/chemi.2020.v8.i3x.9448.
Edwards DC. Characteristics of 20th
century drought in the United States at
multiple time scales. Air Force Inst of Tech
Wright-Patterson, Hobson Way, OH, USA,
No. AFIT-97-051; 1997.

Guttman NB. Comparing the palmer
drought index and the standardized
precipitation Index. Journal of the

American Water Resources Association.
1998;34(1):113-121.



49.

50.

51.

52.

53.

54.

55.

56.

Available:https://doi.org/10.1111/j.1752-
1688.1998.tb05964 .x.

Ajayi TA, Ogunrinde TA, Yessoufou MA,
Ajayi Fl. Investigation of trends in
agricultural and meteorological drought in
Nigeria. International Journal for Research
in Applied Sciences and
Biotechnology. 2020;7(5):281-294.
Available:https://doi.org/10.31033/ijrasb.7.
5.37.

Javed T, Li Y, Rashid S, Li F, Hu Q, Feng
H, Chen X, Ahmad S, Liu F, Pulatov B.
Performance and relationship of four
different agricultural drought indices for
drought monitoring in China's mainland
using remote sensing data. Science of the
Total Environment. 2020;759:143530.
Available:https://doi.org/10.1016/j.scitotenv
.2020.143530.

Salimi H, Asadi E, Darbandi S.
Meteorological and hydrological drought
monitoring sing several drought

indices. Appl Water Sci. 2021;11:11.
Available:https://doi.org/10.1007/s13201-
020-01345-6.

Zarei AR, Shabani A, Mahmoudi MR.
Susceptibility assessment of winter wheat,
barley and rapeseed to drought using
generalized estimating equations and
cross-correlation function. Environ.
Process. 2021;8:163-197.
Available:https://doi.org/10.1007/s40710-
021-00496-1.

Adler J, Parmryd |. Quantifying
colocalization by correlation: The Pearson
correlation coefficient is superior to the
Mander's overlap coefficient. Cytometry.
2010;77A(8):733-742.
Available:https://doi.org/10.1002/cyto.a.20
896.

Giavarina D. Understanding bland altman
analysis. Biochemia Medica.
2015;25(2):141-151.
Available:https://doi.org/10.11613/BM.201
5.015.

Shumway RH, Stoffer DS. Time series
analysis and its applications: With R
examples. Springer. 2017;24-33.
Available:https://doi.org/10.1007/978-3-
319-52452-8.

Hamilton C, Stamey  J. Using
bland-altman to assess agreement
between two medical devices — dont
forget the confidence intervals.J Clin
Monit Comput. 2007;21:331-333.
Available:https://doi.org/10.1007/s10877-
007-9092-x.

Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

52

57.

58.

59.

60.

61.

62.

63.

64.

65.

Haines S, Seim H, Muglia M.
Implementing quality control of high-
frequency radar estimates and application
to gulf stream surface currents.  Journal
of Atmospheric and
Oceanic Technology. 2017;34(6):1207-
1224.
Available:https://doi.org/10.1175/JTECH-
D-16-0203.1.

Tefera AS, Ayoade JO, Bello NJ.
Comparative analyses of SPI and SPEI as
drought assessment tools in Tigray
Region, Northern Ethiopia. SN Appl.
Sci. 2019;1:1265.
Available:https://doi.org/10.1007/s42452-
019-1326-2.

Bland JM, Altman DG. Statistical methods
for assessing agreement between two
methods of clinical measurement. Lancet.
1986;1(8476):307-310.
Available:https://doi.org/10.1016/S0140-
6736(86)90837-8.

Kalra A. Decoding the bland—altman plot:
Basic review. J Pract Cardiovasc Sci.
2017;3:36-8.
DOI:10.4103/jpcs.jpcs_11_17.

Alley WM. The palmer drought severity
index: Limitations and assumptions. J Clim
Appl Meteorol. 1984;23:1100-1109.
Available:https://doi.org/10.1175/1520-
0450(1984)023%3C1100:TPDSIL%3E2.0.
CO;2.

Stagge JH, Tallaksen LM, Gudmundsson
L, Van Loon AF, Stahl K. Candidate
distributions for climatological drought
indices (SPI and SPEI). Int. J. Climatol.
2015;35:4027-4040.
Available:https://doi.org/10.1002/joc.4267.

Vicente-Serrano SM, Chura o,
Lopez-Moreno  JI, Azorin-Molina C,
Sanchez-Lorenzo A, Aguilar E,

Moran-Tejeda E, Trujillo F, Martinez R,
Nieto JJ. Spatio-temporal variability of
droughts in Bolivia:
1955-2012. Int. J. Climatol.,
2015;35:3024-3040.
Available:https://doi.org/10.1002/joc.4190.
Hu Z, Chen X, Chen D, Li J, Wang S,
Zhou Q, Yin G, Guo M. “Dry gets drier, wet
gets wetter”: A case study over the arid
regions of central Asia. Int J
Climatol. 2019;39:1072— 1091.
Available:https://doi.org/10.1002/joc.5863.
Pei Z, Fang S, Wang L, Yang W.
Comparative analysis of drought indicated
by the SPI and SPEI at various timescales



66.

67.

68.

69.

70.

71.

72.

in Inner

China. Water. 2020;12(7):1925.
Available:http://dx.doi.org/10.3390/w12071
925.

Tan C, Yang J, Li M. Temporal-spatial
variation of drought indicated by SPI and
SPEI in ningxia hui autonomous Region,
China. Atmosphere. 2015;6(10):1399—
1421.
Available:http://dx.doi.org/10.3390/atmos6
101399.

Labudova L, Labuda M, Takac¢ J.
Comparison of SPI and SPEI applicability
for drought impact assessment on crop
production in the Danubian Lowland and
the East Slovakian
Lowland. Theor Appl Climatol.
2017;128:491-506.
Available:https://doi.org/10.1007/s00704-
016-1870-2.

Tirivarombo S, Osupile D, Eliasson P.
Drought  monitoring and  analysis:
Standardised Precipitation
Evapotranspiration Index (SPEI) and
Standardised Precipitation Index (SPI),
physics and chemistry of the Earth, Parts
A/B/C. 2018;106:1-10.
Available:https://doi.org/10.1016/j.pce.201
8.07.001.

Ankrah J. Climate change impacts and
coastal livelihoods; an analysis of fishers
of coastal Winneba, Ghana.
Ocean and Coastal Management.
2018;161:141-146.
Available:https://doi.org/10.1016/j.ocecoa
man.2018.04.029.

Joetzjer E, Douville H, Delire C, Ciais P,
Decharme B, Tyteca S. Hydrologic
benchmarking of meteorological drought
indices at interannual to climate change
timescales: A case study over the Amazon
and Mississippi river basins. Hydrology
and Earth System Sciences, European
Geosciences Union. 2013;17(12):4885-
4895.
Available:ff10.5194/hess-17-4885-2013ff.
ffhal-02395834f.

Zhang JY, Su YS, Song DS, Zhang YY,
Song HZ, Gu Y. The historical droughts in
China during 1949-2000. Hohai University
Press, Nanjing (in Chinese); 2009.

Adnan S, Ullah K, Shuanglin L, Gao S,
Khan AH, Mahmood R. Comparison of
various drought indices to monitor drought
status in Pakistan. Clim Dyn.
2018;51:1885-1899.

Mongolia,

Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

53

73.

74.

75.

76.

77.

78.

79.

80.

Available:https://doi.org/10.1007/s00382-
017-3987-0.

Bayissa Y, Maskey S, Tadesse T, van
Andel S, Moges S, van Griensven A,
Solomatine D. Comparison of the
performance of six drought indices in
characterizing historical drought for the
upper Blue Nile Basin,
Ethiopia. Geosciences. 2018;8(3):81.
Available:http://dx.doi.org/10.3390/geoscie
nces8030081.

Homdee T, Pongput K, Kanae S. A
comparative performance analysis of three
standardized climatic drought indices in
the Chi River basin,
Thailand. Agric Nat Resour.
2016;50(3):211-219.
Available:https://doi.org/10.1016/j.anres.20
16.02.002.

Kamruzzaman M, Cho J, Jang MW,
Hwang S. Comparison of the applicability
of SPlI and EDI drought indices to
Bangladesh weather drought
assessment. Journal of the Korean Society
of Agricultural Engineers. 2019;61(1):145—
159.
Available:https://doi.org/10.5389/KSAE.20
19.61.1.145.

Mahmoudi P, Rigi A, Kamak MM. A
comparative study of precipitation-based
drought indices with the aim of selecting
the best index for drought monitoring in
Iran. Theor Appl Climatol. 2019;137:3123—
3138.
Available:https://doi.org/10.1007/s007 04-
019-02778-z.

Stocker TF, Qin D, Plattner GK, Tignor M,
Allen SK, Boschung J, Nauels A, Xia Y,
Bex V, Midgley PM. Climate change 2013:
The physical science basis. In:
Intergovernmental panel on climate
change, working group | contribution to the
IPCC Fifth Assessment Report (AR5).
New York; 2013.

Cook BI, Smerdon JE, Seager R, Coats S.
Global warming and 21st century drying.
Clim Dyn. 2014;43.
Available:https://doi.org/10.1007/s00382-
014-2075-y.

Watson PF, Petrie A. Method agreement
analysis: A review of correct
methodology. Theriogenology.
2010;73(9):1167-1179.
Available:https://doi.org/10.1016/j.therioge
nology.2010.01.003.

Dogan NO. Bland-Altman analysis: A
paradigm to understand correlation and



Ankrah; JGEESI, 25(6): 39-54, 2021; Article no.JGEESI.70982

agreement. Turkish Journal of Emergency Available:https://doi.org/10.1016/j.tiem.201
Medicine. 2018;18(4):139-141. 8.09.001.

© 2021 Ankrah; 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:
https://www.sdiarticle4.com/review-history/70982

54



