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ABSTRACT

Comparative analyses were carried out on observational rainfall datasets over the Niger Delta
region (4.15°N-7.17°N, 5.05°K-8.68°K) using six locations within the area for a period of 24 years
(1981-2004). Monthly rainfall gridded datasets of the Climatic Research Unit-Time Series (CRU-TS)
3.20 and the Climate Prediction Center (CFC) Merged Analysis of Precipitation (CMAP) were
compared with the Nigerian Meteorological Agency (NIMET) monthly rain gauge data as the
reference. The objectives were to compare the representation of the gridded datasets in small areas,
highlighting their similarities and differences on monthly rainfall variability as well as to examine
that how these datasets compare with each other in representing the regions annual
and wet season interannual rainfall variability, A mapping of rate of change in trend from the
signatures of each dataset in representing the normalized monthly anomalous moisture flux
accumulation (C) within the region was done using the potential evapotranspiration data from CRU
TS 3.20. The three datasets show significant similarity in the trends of rainfall variability at each
of the locations as well as on the areal average over the region. The annual and
wet season interannual rainfall variability indexes from the NIMET rain gauges show significant,
correlation with the gridded datasets. However, the systematic differences in the gridded datasets
as well as their relative accuracy and expected uncertainties have been compared to the rain gauge
measurements. The three datasets confirm increment in the rate of change in the trend of C
although with CMAP indicating higher reservoir of moisture flux accumulation than CRU when
compared to the NIMET over the region. This study should guide researchers to carrying out
studies in small areas of this scale on the choice of the rainfall cbhservation gridded datasets for use
in various applications.

Key words: Niger Delta, comparison, rainfall variability, gridded data, rain gauge, moisture flux
accumulation, trend

INTRODUCTION

Africa is a large continent having input on the global climate yet, little or no ground
meteorological observation data exist in most areas of the continent to precisely quantify its impact
or influence on the global climate system. Where the ground stations are available, it is noted that
there are excessive gaps in space and time over the period of their observation or that they are
seriously deteriorating. This is not peculiar to Africa alone but to many developing countries. Noting
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the importance of observational measurements in representing the state of the atmosphere
(Betts et al., 2008), efforts have been made to develop cbservational datasets for data sparse
regions although with uncertainties (Xie and Arkin, 1997; Adler et al., 2001; McGuffie and
Henderson-Sellers, 2005; Mitchell and Jones, 2005). In doing this, conventional data from quality
controlled gauges were uniformly gridded and blended using interpolations that are guided by
different techniques, which includes satellite patterns and model physics as well as distance
weighting functions (Richards and Arkin, 1981; Huffman et «f, 2001; Robert ef al,
2003; Joyee et al., 2004; Beck et al., 2005). These gridded datasets have been subjected to
comprehensive quality control over the years (Jones, 1994; Horton, 1995; Kasterling et al., 1997).
Also, the unavailability of detailed local meteorclogical and station data poses a challenge in
validating these gridded datasets (New et al., 2000). Previous studies have shown that these
datasets typically agree in their key temporal trends and spatial distribution but each of them
shows striking differences regionally (Costa and Foley, 1998; Adler et al., 2001; Marengo ef al.,
2010). These climate observational gridded data present a reference for comparison, though, with
inherent uncertainties in the resultant data products (Boesilovich et al., 2008). However, these
uncertainties are to a degree revealed when the gridded datasets are compared with alternative
data sources.

There have been varicus methods applied to ascertain the degree of these uncertainties in the
available gridded datasets by studying their performances over different locations and at varying
time spans. In one of such studies, Gruber et al. (2000) in comparing Global Precipitation
Climatology Project (GPCP) and Climate Prediction Center Merged Analysis of Precipitation
{CMAP) data on a global scale noted that, although, both datasets are a combination of satellite and
gauge rainfall estimates, yet CMAP yielded different values owing to the analytical procedures in
its interpolation. Also, Tozer et al. (2011) opined that gridded datasets are not an exact match to
gauged rainfall measurements owing to their uncertainties due to the spatial interpolation methods
used. However, Covey ef al. (2002) comparing the differences in observational data uncertainties
used a ‘portrait diagram’ to display roct-mean-square differences for 25 variables on the
longitude-latitude fields it examined and showed that the data best concurred on zonal wind but
with relative large differences for humidity. Also, McCollum and Krajewski (1998), in estimating
the error of rain gauge mean in the context of the GPCP, were of the view that using only monthly
rain gauge data were not adequate for the reliable estimation of the uncertainties for each monthly
estimates hence suggesting for alternative data sources which would account for the uncertainty
in the spatial variability of monthly rainfall. Furthermore, Juarez ef al. (2009) in comparing three
gauge-only rainfall data with three gauge and satellite combined rainfall data over the Amazon,
Northeast Brazil and the Congo basin showed that the differences among the merged analyses
represents a measure of the uncertainties of the analyses thus the need for caution in explaining
the variability from individual datasets over the regions.

Laurent et al. (1998) validating rainfall estimates using two ground-based and three satellite
estimates over the Sahelian region of Africa attributed the performance of the rainfall estimation
methods to the rainfall range, which is related to the space and time extent of the validation
dataset. Jobard ef al. (2011) in an intercomparison study over the Sahelian Africa from 2004-2006
for ten satellite precipitation products and rain gauge observations as the ground validation data,
found out that three near-real-time’ products showed under-achievements which were attributed
to uncertainties in their algorithms. However, Lamptey (2008) from a 22 years period (1979-2000)
made comparisen of two monthly gridded datasets of GPCP and Global Precipitation Climatology
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Centre (GPCC) Variability Analysis of Surface Climate Observations (VASChimQ) data over
West. Africa noted that the analysis in the interpolation of the rain gauge data was responsible for
the inability of the GPCC data to succeed in representing the bimodal rainfall pattern along the
Cruinea coast. Similarly, in comparing the satellite and surface rainfall products over West, Africa,
Roca et al. (2010) analyzed the seasonal cycle, synoptic-scale variability, diurnal eycle rainfall at
seasonal scale and diurnal cycle rainfall at diurnal scale using 10 day products, the daily means,
a composite and 3 h accumulations, respectively and showed that some of the products achieved
better results on day to day comparisons than others while the mean diurnal cycle and its
variability in space and during the seasons are relatively well captured by some products which
others could not account for. Notwithstanding these comparisons more investigations on the
unecertainties of gridded observational data with rain-gauge measurements (although, with its own
uncertainties) on regional scales are still imperative as it will avail the dataset users a broad
overview of similarities and differences between these datasets as well as their limitations within
the context.

It will be of interest. to note that the rain gauge data used in most stated comparisons over West,
Africa were provided by the Agriculture, Hydrology and Meteorology (AGRHYMET) Regional
Centre, Niamey in Niger Republic. Hence, the uncertainties for most gridded datasets may not be
accounted for areas that are not covered by the network. Also the uncertainties not detected during
quality control of these data on regional scales are expected to be obvious at grid points near the
gauge stations of comparison (New et @l., 2000). In this study, we present a comparison of
observational rainfall data over a period of 24 years (1981-2004) between gridded datasets of the
Chimatic Research Unit (CRU), University of Kast Anglia UK Time Series (T'S) version 3.20 and the
Climate Prediction Center (CPC) Merged Analysis of Precipitation (CMAF). The Nigerian
Meteorological Agency (NIMET) rain gauge data serves as the reference over the Niger Delta
region of Nigeria situated on Lower Guinea Coast region of Africa. Comparison of rainfall data is
pertinent as it 1s primal to West African climate as well as being a vital variable in model predictions
performance with outstanding impact on the regions of agriculture and economy. In addition, it has
attendant input in engineering applications and water balance calculation, not to menticn the need
in understanding the complexity of its variability (Fekete ef al., 2004; Roca et al., 2010,
Jobard ef al., 2011; Silva et al., 2011; Tozer et al., 2011). Also, the implication of the three rainfall
datasets is investigated in representing the rate of change in trend of the observed monthly
maisture flux accumulation over the region using potential evapotranspiration data from CRU-TS
3.20. Moisture flux plays a significant role in the suppression or increase of rainfall over a local area
{Trenberth and Guillemot, 1996; Park et al., 2009). Trenberth et al. (2003) shows that its increase
is vital to moisture convergence into storms hence, increment in the intensity of local rainfall.

The objectives of this study are to perform a comparative analysis on the gridded monthly
rainfall data and their nearest monthly rain gauge measurement over the Niger Delta region of
Nigeria, highlighting their similarities and differences as well as to examine how these datasets
compare with each other in representing the annual and wet season interannual rainfall variability
over the region. The differences and the estimated uncertainties in the gridded datasets are
compared to the rain gauge measurements. Also, the signature of each dataset investigated in
representing the rate of change in moisture flux accumulation within the region. The aim 1s to
guide researchers carrying out studies in small regions of this secale on the cheoice of the

observational rainfall gridded datasets to use for their various applications.
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STUDY AREA

Figure 1 shows the map of West Africa indicating the AGRHYMET Regional Center rain
gauges (dots) (Ali ef al., 2005) and the map of Nigeria (insert) showing the Niger Delta region
{shaded portion) with the rain gauge locations. The region is located on the tropical rainforest
climate zone (latitude 4.15°N-7.17°N and longitude 5.05°K-8.68°EK) within the Lower Guinea Coast,
of Africa. It extends over 70,000 km? and constitutes about 7.5% of Nigeria's land mass with an
annual rainfall total varying from 2400-4000 mm. The area is influenced by the localized
convection of the West African monsoon with less contribution from the mesoscale and synoptic
system of the Sahel (Ba ef al., 1995). The rainy (wet) season over the area starts in May, following
the seasonal northward movement of the Intertropical Convergence Zone (ITCY), with its cessation
in October (Druyan et al., 2010; Xue ¢f al., 2010). The six rain-gauge locations are at Akure, Benin
City, Calabar, Eket, Owerri and Portharcourt as shown in Table 1. These locations, apart from
being of geographically spread over the region, has the longest history of gauge data with mimimal
gaps due to missing data.

RAIN GAUGE DATA
The NIMET rain gauge data are monthly rainfall records (mm) from NIMET for the six stations
under its operation (Table 1). The agency 1s responsible for collecting and archiving metecrological
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Fig. 1{a-b): Map of {a) West Africa showing the AGRHYMET gauges (dots) and (b) Nigeria
showing the Niger Delta region (4.15°N-7.17°N, 5.05°K-8.68°K) (shaded) with the rain
gauge locations (dots)
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Tahble 1: Coordinates of the rain gauge locations, their elevations, percentage of missing data and duration of study

Location Lat (") Lon (°E) Elevation (m) Missing data (%) Duration
Akure 7.247 5.301 335.0 0.694 1981-2004
Benin city 6.317 5.100 78.0 0.000 1981-2004
Calabar 4.976 8.347 63.0 0.000 1981-2004
Eket 4.650 7.933 13.0 1.042 1981-2004
Owerri 5.483 7.033 91.0 1.736 1981-2004
Port Harcourt 4.750 7.016 18.0 0.000 1981-2004

data in Nigeria. The data is the most reliable ground observation data source that exists within the
Niger Delta region. The rain gauge data is not fed to the Global Telecommunication System (GTS)
and it 1s not used in the interpolation of both gridded datasets. The data used for the study was
from 1981, when satellite data could be used in combination with the 14579 rain gauges in the
CRU dataset, to 2004 after which there were observed gaps in the data for the study locations at
Owerri, Calabar and Benin City. The percentage of missing data on Table 1 for each location 1s
computed from the months without rainfall records within the duration of the study.

CMAP gridded datasets are monthly and pentad (5 days) global averaged precipitation rate
values (mm day ') prepared on a resolution of 2.5° by 2.5° global grid (approximately 180 km). The
data spans from 1979-2009. The interpolation of the gridded fields includes rain gauge and model
data as well as values obtained from 5 kinds of satellite estimates (GPI, MSU, OPI, SSM/I emission
and SSM/I scattering). The procedure is further discussed in Xie and Arkin (1997). The data is
provided by National Oceanic and Atmospheric Administration (INOAA), Boulder, Colorado, USA
and it is available online at http://’www.esrl.nocaa.govipsd/fdatal/gridded/data.cmap . html.

On the other hand, the CRU TS 3.20 gridded datasets contains interpolation of
month-by-month variations in climate variables including rainfall (mm) and potential
evapotranspiration (mm day™'). They are constructed on a high-resolution of 0.5° by 0.5° global
grids {approximately 50 km) and extend from 1901-2011. The method used for the potential
evapotranspiration is discussed in Kkstrom et af. (2007) and its interpolation is independent of the
rainfall data. Mitchell and Jones {(2005) further show the procedures in the data preparation and
their presentation. Nevertheless, apart from constructing data for the missing stations in the
baseline peried, data was also constructed for stations that never existed. The data is provided by
the National Centre for Atmospheric Science (INCAS) British Atmospheric Data Centre online at,
http:/bade.nerc.ac.ukiview/bade.nerc.ac.uk_ ATOM_ dataent 12568223773328276,

METHODOLOGY

Spatially, the rainfall values in the gridded datasets represent the value in a grid hox centered
on the geographical coordinates given in the dataset. However being conscious of the limitation that
the rain gauge represent a single site within a box with its location varying from its center to its
edge and that they are not evenly distributed, the comparative analysis was carried out on the
value for the grid box in which the rain-gauge lies (Mooney et al., 2011; Tozer ef al., 2011). The
following statistical criteria for the analysis have been followed:

Anomaly: In order to compare the capability of each of the dataset in representing, in spatial
scales, the monthly rainfall anomalies of the datasets were computed from the climatological means

using the following Eq. 1:

¥ = XX (1
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where, x 18 the monthly rainfall data from each of the datasets and x 1s the corresponding
climatological mean for that month.

Normalization: The monthly rainfall anomalies were normalized with the aim of putting the
datasets on the same scale for comparison as well as to eliminate the influence of location and
spread in the various datasets. It is given by follwoing Eq. 2:

=22 (2)
where, ¥’ is the monthly rainfall anomaly of each dataset, x' is the mean of the total monthly
rainfall ancmaly over the period and s is the corresponding standard deviation from x".

Bias: The bias represents the average deviation as well as the systematic differences of the monthly

normalized rainfall variability of the gridded datasets from the gauge data. It is given by the
following Kq. 3:

. 1
Bias = ;Zm(mgi - qpi) (3)

where, m and q are the corresponding time series, n is the length of the time series and the
subscripts g and p are the gridded and gauge datasets, respectively.

Linear regression: This shows the linear relationship between the gridded and rain gauge data
in representing the rainfall variability over the region. It is computed using the following Eq. 4:

q = am+b (4)

where, a and b are constants given by Eq. &:

DI IS DI 5)
. (m, —m)’

and:

b =g-am (6)
where, m and q are the means of the corresponding time series,
Coefficient of correlation: In order to measure the strength in the linear relationship between

the gridded and gauge datasets in representing the rainfall variability over the region, the
coefficient of correlation 1s computed from the following Eq. 7:

r= Zin:l [(mgl B Iﬁg )(qp1 - ap )] (7)
(n-1) (smg sqp)
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T-test: The percentages of the dependency and the underlying uncertainty between the associated
variables is determined using the T-test and is given by the following Eq. 8:

=" (8)

where, A =m-q, whereas the population mean B, =f_-B, = 0 under H, hypothesis.

Root Mean Square Error (RMSE): The absolute measure of the expected uncertainties in the
gridded datasets on the areal average of spatial rainfall variability over the region from each grid
box were evaluated using the RMSE, with the following Eq. ©:

RMSE = \/% 3 (my g, (9

where, B is the number of grid boxes.

Skill score: The relative accuracy of the gridded datasets in representing the rainfall variability
on the Niger Delta region with respect to the reference NIMET gauge data is evaluated using the
Brier Skill Score from the Eq. 10:

1 n 2
2 (M ~ ) (10)

2
qu

BSS=1-

when, BSS = 1.0 (perfect gridded data), BSS = 0.0 (gridded data has similar skill to reference gauge
data); B85S = Negative value (gridded data less skillful than reference gauge data) (Brier, 1950;
Murphy, 1988).

Rainfall variability index: In order to show the ability of the datasets to represent the
standardized precipitation departure of the annual and wet season rainfall time series at different
climate regimes as defined by Oguntunde et «l. (2011), the interannual rainfall variability index
is computed using the following Kq. 11:

5,- R R (11)

R

where, k is the year, R is the total (annual or wet season) rainfall, E and s; are the mean annual
rainfall and standard deviation, respectively for the duration of study.

Moisture flux accumulation: Having the difference hetween the rainfall and evapotranspiration

as the first approximation for maisture flux accumulation, a normalized monthly anomalous
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moisture flux accumulation (C) over the region was computed using a modification
{(Calanca and Ohmura, 1994; Banacos and Schultz, 2005; Karam and Bras, 2008) given by
following Kq. 12:

¢ =R-E, (12)

where, R and E]T are the normalized monthly anomalous from Kq. 1 and 2 for rainfall and potential

evapotranspiration, respectively.

RESULTS AND DISCUSSION
Similarity and differences on the interannual variability of monthly rainfall: Due to the
resolution of the gridded datasets, CRU has a grid box representing each of the NIMET gauges in
Table 1. CMAP has three of its grid boxes over the region with each representing Akure, Benin City
and Owerr (6.25N, 6.25K), Calabar and Eket (8.75N, 3.75EK) and Port Harcourt (6.25N, 3.75E).
Figure 2a-f shows the time series of the normalized monthly rainfall anomaly from the three
datasets at each of the locations. The gridded datasets showed similarity to the NIMET gauges in
representing the monthly rainfall variability at each location. This is evident in the coefficient of
correlation values of NIMET data with CRU and CMAP, respectively (Table 2) significant at 99.9%
confidence level from t-test. However, the correlation values were higher with CRU than with
CMAP. The linear regression equations of the trends from the three datasets indicate that the
monthly rainfall variability at each of the locations showed increments over the period but at
differing magnitudes. The average deviations in the monthly rainfall variability of the gridded
datasets from the gauge data on each location have the bias values shown in Table 3. In Table 3
the BSS of the gridded datasets with the gauge data as the reference at each of the locations 1s also
shown. The skill score values reveal that CMAF is unskillful at all the locations within the region
whereas, CRU 1s unskillful at Calabar, EKket and Owerri.

Figure 3 shows the time series of normalized areal averages of the monthly rainfall anomaly
over the Niger Delta region of Nigeria from the NIMET, CEU and CMAP datasets. The trend of the
three datasets confirms increment in the monthly rainfall variability over the region though at

varying magnitudes. The coefficient. of correlation of the normalized areal averages shows that the

variability from NIMET has significant relationship with CRU (r = 0.65) and CMAF (r = 0.48) both

Table 2: Correlation values of NIMET gauges with the gridded datasets at each location and on the areal average

Interannual variahility index

Monthly anomaly Normalized areal average Total annual rainfall Wet season rainfall
Location CRU CMAP CRU CMAP CRU CMAP CRU CMAP
Akure 0.58262 0.30082 0.45282 0.23472 0.4594¢ 0.28261 0.4336¢ 0.3617
Benin city 0.7407% 0.3855° 0.4622° 0.3908% 0.4243% 0.6961° 0.4358% 0.63595°
Calabar 0.4843* 0.3427* 0.3034* 0.30092 0.247¢° 0.5567 0.0999 0.4176¢
Eket 0.2774* 0.2480* 0.3172* 0.2885 0.4401¢ 0.2014f 0.3711° 0.2035°
Owerri 0.3121% 0.3995* 0.3588* 0.35502 0.1481* 0.4815° 0.1773 0.4179%
Port. Harcourt, 0.56242 0.26872 0.5383 0.24022 0.4528¢ 0.4378¢ 0.4075¢ 0.3294
Niger Delta (areal average) 0.6510¢2 0.4843= 0.6131° 0.77532 0.5575° 0.7122=

Significant at CL 299.9, *99, °97, 905 and *90%, respectively, 'Not significant from t-test
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Fig. 2(a-f): Normalized time series of rainfall anomalies from NIMET,
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Fig. 3(a-c): Normalized time series of (a) NIMET, (b) CRU and (¢) CMAP for the areal averaged

monthly rainfall anomaly over the Niger Delta region and the linear regression

equation of the trends are above each panal

Table 3: Bias values and the Brier Skill Scores (BSS) of the gridded datasets with the NIMET gauge data at each location and on the

areal average

Bias BSS
Location CRU CMAP CRU CMAP
Akure 8.90x10717 -4.50x10717 0.17 -0.39
Bemnin city 1.07x10718 3.85x10° 1 0.48 .22
Calabar 4,63x10718 6.13x10°17 -0.03 -0.31
Eket -9.18x1071° -1.11x107°8 -0.44 -0.50
Owerri 8.53x107% 8.53x107% -0.36 -0.19
Port. Harcourt, 1.48<107Y7 3.66x1071 0.13 -0.46
Niger Delta (areal average) -1.87x107% -1.87x107™ 0.08 -0.59

at 99.9% confidence level from t-test (Table 2). Significant at 99.9% confidence level from t-test, the
rainfall variability of the normalized monthly areal averages from CRU and CMAF show different.
representation with the NIMET data at each location as shown in their correlation wvalues on
Table 2. Both gridded datasets have a bias value of -1.87x107° with NIMET in representing the
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Fig. 4: RMSE from each grid box between the gridded datasets and NIMET gauge data on the
areal average of monthly rainfall variability over the region. The linear regression of the
trends are above the panel

areal averages of monthly rainfall variability over the region (Table 3). The relative accuracy of
the gridded datasets with the gauge data in representing the monthly rainfall variability on the
areal average over the Niger Delta shows that NIMET has a skill score of 0.08 and -0.59 with CRU
and CMAP, respectively. The absclute measure of the expected uncertainties from each grid box
between the gridded datasets and the gauge data representing the areal average of monthly
rainfall variability over the region by the RMSE as shown in Fig. 4. The RMSE shows the site to
site relationship of both gridded datasets to capture the spatial monthly rainfall variability over the
region. The linear equation of the trends indicates that the spatial variability in the monthly
rainfall over the region is well represented in CRU than in CMAF.

Representation of datasets on the interannual rainfall variability patterns: Figure 5
shows the interannual variability index of the total annual rainfall from the three datasets at each
of the locations. The trends indicate increments in the index at varying magnitudes at each location
except at Owerri where NIMET showed a decreasing trend. The correlation of the interannual
variability index at each location from the NIMET data with the gridded datasets is shown in
Table 2. From t-test, CRU and NIMET showed significant correlation at all the locations except at
Calabar and Owerr whereas, CMAP and NIMET did not. show significant correlation at Akure and
Eket. The percentage of concurrence in the patterns (+” for wet or “-” for dry) of the interannual
variahility index between the NIMET and the gridded datasets 1s shown in Table 4 for the various
locations. Figure 6 shows the areal averages of the three datasets in representing the interannual
variability index of the total annual rainfall over the region. The linear regression equations of the
trends indicate increments, though, at varying magnitudes over the region. The correlation of the
areal averaged annual index from NIMET with the CRU and CMAP at each loecation 1s shown in
Table 2. The skill scores of the gridded datasets in representing the interannual variability index
of the total annual rainfall with NIMET are -0.08 and 0.17 with CRU and CMAF, respectively.
Figure 7 shows the RMSE of both gridded datasets with NIMET on the annual rainfall variability
index. The trends show that CMAP has better improvement in its spatial performance on the
representation of the index.
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Fig. 5(a-f): Interannual variability index of the total annual rainfall from NIMET, CRU and CMAP
at each of the locations of (a) Alkkure, (b) Benin city, (c) Calabar, (d) Eket, (e) Owerri and
(f) Port Harcourt. The linear regression equation of the trends are above each panel

Table 4: Percentage concurrence in the patterns of the interannual variahility indexes from the gridded datasets and the gauge data at

each location and on the areal average

Total annual rainfall (%) Wet season rainfall (%)
Location CRU CMAP CRU CMAP
Akure 66.67 50.00 62.50 50.00
Benin city 83.33 66.67 79.17 83.33
Calabar 66.67 62.50 50.00 41.67
Eket, 54.17 62.50 50.00 58.33
Owerri 58.33 70.83 58.33 7917
Port. Harcourt, 66.67 66.67 75.00 58.33
Niger Delta (areal average) 7917 75.00 (2.50 75.00
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Fig. 6: Areal average of the NIMET, CRU and CMAP in representing the interannual variability
index of the total annual rainfall over the Niger Delta region. The linear regression
equations of the trends are above the panel
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Fig. 7. RMSE of both gridded datasets with NIMET on the annual rainfall variability index. The

linear regression equations of the trends are above the panel

Similarly, the interannual variability index of the wet season rainfall from the three datasets
indicates increments at each of the locations except at Owerri, where the wet season rainfall
variability index showed a decline (Fig. 8). Table 2 shows the correlation between the wet season
rainfall variability indexes from the gridded datasets and the NIMET data at each of the locations.
The values indicate that CRU shows a poor representation in the wet season rainfall variability
index at Calabar and Owerri whereas, CMAP shows poor representations at Eket and Port
Harcourt. However, the trends of the three datasets from the areal averages of the wet season
rainfall variability index indicate increments at varying magnitudes over the region (Fig. 9).
Their correlation shows significant relationship between NIMET with CMAF (r =0.71) and CRU
{r = 0.58). The percentage of concurrence in the wet season rainfall variahility patterns between
the gridded and the rain gauge datasets at each of the locations i1s shown on Table 4. CRU and
CMAP agreed on 62.5 and 75%, respectively of the patterns with NIMET on the areal averages.
Both gridded datasets have a skill score value of 0.08 (CRU) and (-0.13) with NIMET in
representing the wet season rainfall variability index. Figure 10 shows the RMSE of both gridded
datasets with NIMET in representing the wet season rainfall variability index and the trends
indicates a better spatial performance from CMAP.

Mapping changes in moisture flux accumulation: In view of the significance of the rate of
change in maisture flux accumulation in providing important insight into the hydrological cycle of
a region (Trenberth et ¢l., 2003; Banacos and Schultz, 2005; Karam and Bras, 2008; Park et al.,
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Fig. 8(a-f): Interannual variability index of the wet season (May-October) rainfall from NIMET,
CRU and CMAP at each of the locations of (a) Akure, (b) Benin city, (¢) Calabar, (d)
Eket, (e) Owerri and (f) Port Harcourt. The linear regression equation of the trends are
above each panel

Table 5: Rate of change in the normalized monthly anomalous moisture flux accumulation (€) at each location and on the areal average,

calculated from the linear regression equation of the trends

Location NIMET CRU CMAP

Akure 0.00077 0.00057 0.00200
Benin city 0.00287 0.00221 0.00274
Calabar 0.00082 0.00167 0.00308
Eket, 0.00427 0.00252 0.00375
Owerri 0.00101 0.00198 0.00307
Port. Harcourt, 0.00158 0.00212 0.00483
Niger Delta (areal average) 0.00192 0.00185 0.00353

2009), the linear regression of C over the Niger Delta region was computed. The mapping of the
rates of change in the trends of C from the three datasets for the various locations as well as the
areal average as shown in Table 5. It is evident that CMAP showed higher reservoir of C over the
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Fig. 9: Areal average of the NIMET, CRU and CMAP in representing the interannual variability
index of the wet season (May-October) rainfall over the Niger Delta region. The linear
regression equations of the trends are above the panel
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Fig. 10 RMSE of both gridded datasets with NIMET on the wet season rainfall variability index.
The linear regression equations of the trends are above the panel

region whereas, CRU showed less value compared to the NIMET. Nonetheless, despite of these
differences, all three datasets depict apparent inecrement in the trend of C.

CONCLUSION

In the absence of extensive rain gauge networks for describing large scale rainfall fields, this
study has compared the similarities and differences between two rainfall observation gridded
datasets of CRU and CMAP with the NIMET rain gauge dataset as the reference. This was carried
out at six locations over the Niger Delta region of Nigeria for a period of 24 years. Since, the
gridded datasets are products of different interpolation techniques whereas, the reference gauge
data are presented as were observed, differences are anticipated from their outputs. However, given
that the gridded datasets are projected to represent the same cbserved situations over the region,
these differences and uncertainties are expected to be minimal.

The result of the comparative analysis indicate that there is a good measure of agreement
between the gridded datasets and NIMET on the monthly rainfall variability at each of the location
as well as on the areal average of rainfall variability over the region. It shows the site to site
relationship between the gridded datasets and the gauge data on the monthly rainfall variability
as well as the ability of the gridded datasets to represent the spatial variability of monthly rainfall
when compared to gauge data. The correlation between the areal averaged monthly rainfall
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variability of both gridded datasets and the gauge rainfall variability at each location shows the
signature of the gridded sets at each location. The systematic differences in the monthly rainfall
variability from each of the gridded datasets shows varying bias values between the gridded
datasets and each gauge location whereas, both gridded data have the same bias with NIMET on
the areal average of the monthly rainfall variability over the region. The implication in the use of
the gridded datasets to represent the interannual variability index of both the total annual rainfall
and the wet season rainfall at each location as well as on the areal averages over the region 1s
evident from the trends of the patterns. The relative accuracy of the gridded datasets in
representing the rainfall variability over the region with respect to the gauge data is shown in the
skill scores of each gridded dataset.

Although the results, especially the bias and skill of the gridded datasets, are for the study
region only, we deduce that CRU performs better in representing NIMET in the monthly rainfall
variability over the region on both temporal and spatial scale whereas, CMAP performs better in
representing NIMET in the interannual variability index for the total annual and wet season
rainfall on both temporal and spatial scale, neglecting uncertainties in the NIMET gauge data.
Though the three datasets show increment in the trend of C, yet the signature from CMAP
indicates higher rate of change in the maisture flux accumulation while, CRU show less values
when compared to the NIMET. The understanding of the representation of the gridded datasets
over the Niger Delta is imperative since agriculture within the region is grossly rain fed. This
comparison does not provide all the uncertainties that would be found from each of the gridded
datasets but it 1s a measure of the expected minimum uncertainty in the gridded datasets which
should guide researchers carrying out studies on regions of this scale on the choice of observational
rainfall gridded datasets to use in their various applications. However, further investigations into
the implication of using a variety of other datasets in evaluating hydrological processes within the
region are still ongoing within our study group.
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