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ABSTRACT

Rift Valley Fever Virus (RVFV) is an arthropod-borne viral disease that affects both domestic animals as well
as human beings. The outbreaks of such disease especially in Africa are reported to be closely related to areas
of above or below normal rainfall that is associated with the warm phase of EI-Nifio Southern Oscillations
(ENSO) phenomenon. This ENSO event is as a result of abnormal change in sea surface temperature that
affects global precipitation and in other areas, vegetation biomass. For a sustainable healthy environment and
healthy livestock production in Nigeria under the present economic circumstances, this study therefore,
suggests a cost-effective technique for mapping out spatial patterns of likely RVFV and other vector-borne
disease habitats across Nigeria. Remote Sensing and GIS can be a cost-effective component of disease control
campaign for mapping out potential areas at risk of such diseases. Principal Component Analysis (PCA)
technique was used where Standardised Principal Components images and their corresponding loading scores
were derived from Normalised Difference Vegetation Index (MODIS-NDVI) dataset acquired from USGS-
EROS Data Center for the ENSO event of September 2014 to December 2015 covering Nigeria and parts of
surrounding countries. The results on the first principal component image showed a characteristic vegetation
biomass pattern across Nigeria over the entire time-series. The second component shows a cyclic trend related
to climatic variations and vegetation across the country. A threshold in the PCA was used to isolate and
produce a potential risk areas map primarily considered to have potential of RVFV and other arthropod-borne
disease across the country. For sustainable ecological environment and healthy livestock production in Nigeria
the results derived from this study would provide public health authorities like epidemiological departments
and other stakeholders with a working document for animal disease reporting system which would also cut
down operational costs.
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INTRODUCTION

Rift Valley Fever (RVFV) is an arthropod-borne viral disease that affects both domestic animals like sheep and
cattle as well as human beings (Ikegami and Makino, 2011; Lagare et al; 2019). The name Rift Valley Fever
originated from the name given to a location where the first epizootic of RVF was discovered in an isolated
farm near Lake Naivasha in Kenya where a high mortality of sheep was reported by Daubney, et al; (1931) and
also shown a generic evidence of rift valley fever outbreak (Carrol et al; 2011) in an area mainly dominated by
Savanna grassland. Other studies such as Mcintosh and Jupp (1981; Logan et al; 1992) have also showed that
the disease which occur periodically in much of the sub-Saharan Africa as a vector-borne disease is transmitted
by a variety of mosquito species that affect both domestic animal as well as human beings. It was also reported
that over 100 years this disease seems to be lethal particularly in livestock and therefore requires further
approach (Bron et al; 2021). The transmission of such disease was shown to be linked to Global warming
which is likely to affect the impacts associated with the warm phase of El Nifio Southern Oscillations (ENSO)
phenomenon that used to cause abnormal changes in rainfall or even drought (Anyamba et al; 2001) as well as
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those that correlate with cases of diseases due to the changing climate (Kemi et al; 2024). Accordingly,
because of the changing climatic conditions there is potential in the evolution of this viral disease (Ebogo-
Belobo et al; 2023) and therefore, there is need for other methods of periodic monitoring and surveillance. The
views by Yelwa, 2008; Yelwa and Dangulla (2013) are that changes in landuse in an extended ecological
environments are likely to trigger local and in some areas national climatic changes which can boost the
response patterns and mosquito-borne disease that can be threats to both human and animal health. In this
regard therefore, Normalised Difference Vegetation Index (NDVI) time-series dataset can be used as a proxy
measurements of ecological conditions to identify areas at risk for specific types of animal diseases such as
RVF and trypanosomiasis (Green and Hay, 2002). From studies with NDVI data derived from Moderate
Resolution Imaging Spectrometer (MODIS) therefore, it was shown that such data can be utilised in
epidemiological studies to map out potential habitats of such disease vectors especially in Africa where the
resources to deal with disease problems are not readily available (Neteler, 2005; John et al; 2008; Rhew et al;
2011). While studies by Tucker et al; (1985) and Linthicum et al; (1999) have shown that there is close
relationship between seasonal development of green vegetation (NDVI) with breeding and upsurge patterns of
insect vectors, particularly locust and mosquitoes, other studies linked to global climatic change related to
ENSO events will endanger both animals and humans to contacting the RVF Virus (Sutherst, 1998; Patz et al;
2000 and Adesola and Idris, 2022). All these are most likely due to the witnessing of abnormal rainfall and fast
vegetation development that provide habitats for animal vector-borne diseases Umar and Gray (2023). Other
emerging environmental health issues in Nigeria are currently those related to climate changes (Pona et al;
2021) and which influence this infectious diseases with reported seroprevalence RVFV cases in five states in
the northern part of Nigeria (Sokoto, Katsina, Kano, Kaduna and Borno) (Adesola and Idris (2022) and another
serologic evidence of silent RVFV infection among occupationally exposed persons in northern Nigeria with
warning of impending outbreaks (Oragwa et al; 2022). In view of this, there should be in place an integrated
response and further approach to contain the situation (Bron et al; 2021, Nelson Wandera et al; 2023). The
purpose of this paper therefore, is to map out likely spatial patterns of potential risk areas of this RVF vector-
borne disease using MODIS-NDVI dataset acquired from the Moderate Resolution Imaging Spectrometer
(MODIS) satellite to target such localities for sustainable healthy human and livestock environment across the
whole country.

MATERIALS AND METHODS

The Study area covered the whole of Nigeria including substantial area of Cameroon in the East, parts of Lake
Chad in the northeast, the southern Sudan Savanna area of Niger Republic and the entire Benin Republic in the
West. The whole study area is bounded by Longitude 2° 00’ to 14° 00’ East and Latitude 4° 09’ and 14° 00’
North. This is a diverse area that comprised parts of the African Sahel, the Savanna and tropical rain forest.

For the purpose of this geospatial assessment, monthly dataset in the form of Normalised Difference
Vegetation Index (NDVI) at 250 meters spatial resolution was acquired from National Aeronautics Space
Administration (NASA)’s Moderate Resolution Imaging Spectrometer (MODIS) Climate Modelling Grid
(CMD). The coordinates corresponding to the study area which covers the southern part of Niger republic and
some part of Cameroon was windowed using version-18 raster-based (TerrSet) remote sensing software within
a GIS environment. The ecosystem zone with inter-annual variability signal related to the ENSO phenomenon
considered as potential areas of RVFV and other vector-borne disease outbreaks across Nigeria and
surrounding countries were identified and sieve out spatially in three stages. This assessment doesn’t require
blood samples from animals or humans infected with RVF virus for biological laboratory analysis but rather,
NDVI dataset. Hence, the required NDVI dataset corresponding to the most recent strongest EI Nifio months of
September 2014 to December 2015 (based on the United States Climate Prediction Center’s threshold of +/-
0.5°C for the Oceanic Nifio Index (ONI)) were sieved out from the NOAA-MODIS dataset. Secondly,
Principal Component Analysis (PCA) was applied to the monthly NDVI dataset in order to isolate and obtain
the first three standardised principal components from the other component images and their corresponding
loading scores. Thirdly, a supplementary method was used where a mean NDVI image of the time-series
dataset was derived and a threshold applied to the image data so as to isolate and produce a map showing areas
which most likely correspond to potential risk areas of RVFV and other habitats of vector-borne disease across
the study area.
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RESULTS AND DISCUSSION

In this geospatial assessment the MODIS-NDVI dataset utilised was subjected to PCA within a GIS
environment using a t-mode forward process. Two main results emerged (standardised component images and
loading scores) indicating the degree of correlations with the original NDVI dataset. In most cases, this type of
process compresses a large dataset and ease the analysis in addition to providing avenue for reducing noise
inherent in the dataset. As an experimental geospatial analysis in environmental health and epidemiology using
satellite imageries and GIS across Nigeria, the results yielded sixteen (16) component images with their
corresponding loading scores the discussion is limited to the first three (3) components images and their
loading scores representing about 81% of the total variance in the total 16 monthly MODIS-NDVI dataset.
One of the objectives of remote sensing and GIS in epidemiology is to map out distribution of a disease in our
environment so that control efforts in endemic situations and intervention strategies in epidemic situations can
be most effectively directed (Hay et al; 1997). Results derived from this study is presented in Table 1
indicating the percentage variance of three component images and Figures 1 and 2 showing two standardised
principal component images and a map of NDVI climatology indicating potential risk areas of RVFV and
other vector-borne diseases. Other information from the results is the loading graphs showing correlations
between the NDVI time-series dataset utilised in the analysis and the component images. Since most RVFV
and related disease outbreaks were reported in regions of complex savanna vegetation with persistent above
average rainfall followed by prolonged dry season (Green and Hay, 2002; Neteler, 2005; Rhew et al; 2011), a
historical vegetation biomass map of Nigeria as well as seasonal and inter-annual variability map is therefore
essential in order to map out RVFV and related vector-borne disease risk areas. Furthermore, because this type
of dataset was duly processed to avoid anomalies that can distort results on analysed satellite imageries (Hay et
al; 1997, Didan, 2015), it has been used for both continental and regional scales in environmental studies
(Santra and Chakraborty, 2011; Luxon and Pius, 2012; Xiao et al; 2016; Zhang et al; 2017; Prajesh et al; 2019,
Abdullahi and Yelwa, 2020). Hence, this type of dataset can conveniently be used to carryout geospatial
mapping of potential risk locations of this RVF Virus so that it can specifically be targeted and actions taken
more effectively. However, there are other studies such as Anywaine et al; 2022 and Ebogo-Belobo, et al; 2023
that focused only on systematic review of laboratory confirmed cases rather than sampling and direct
laboratory analysis.

The information in table 1. shows the loadings scores for components one to three which together explains
about 81% of the total variance of the 16-months NDVI dataset utilised in this analysis. In Figure 1(a) showing
the first standardised principal component image, it highlights historically, the typical representative vegetation
biomass pattern across Nigeria and surrounding areas covering the monthly time-series (September 2014 to
December 2015). The pattern on the first component image shows correlation between the component image
and the whole NDVI dataset used in the analysis. Areas that are less correlated with the NDVI dataset and the
component image are located in the northern Savanna mostly in brown and yellow indicating less vegetation
vigour (ie. when viewed using an NDVI colour pallete). On the other hand, areas with high positive
correlations between the dataset and the component image are located in the central part of the country,
particularly in Kaduna, Niger, Federal Capital Territory (FCT) and Nassarawa states, the southern forest zone
and southern part of Cameroon as well as some locations around Lake Chad. These areas can be seen in green
to dark green colour indicating more vegetation vigour. In Figure 1(b) indicating the second component
image, this shows about 14% of the total variance in the whole dataset. As one of the change component, it is
an indication of negative correlations (negative vegetation anomaly pattern) across the whole of the northern
part of the country, whole of the southern part of Niger republic and almost the whole of Cameroon but with a
fairly positive anomaly around the Kainji lake and along rivers Niger and Benue in the northern part of the
country. On the other hand, this component image shows positive anomaly pattern across ten states in the
southern part of the country namely, Abia, Akwa-Ibom, Bayelsa, Cross-river, Delta, Edo, Imo, Ondo, Osun
and Rivers as well as the southern part of Cameroon which is an indication of the rainfall pattern in these states
during 2014 to 2015 ENSO phase. In Figure 1(c) indicating the third component image, this shows just 4% of
the total variance in the whole dataset which by implication points to the fact that almost the entire country is
correlated negatively with the whole NDVI dataset utilised in the analysis. Furthermore, the trend on the
graphs of the loading scores in Figure 1(d) for the three component images show that Component three image
indicates a positive peak in the loading scores which is slightly over 0.4 in August 2015 (coinciding with a
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lower peak of the component one loading graph). This is the image that has a negative correlation during the
whole series across the study area (Figure 1c) except in Borno state. Accordingly, this can be indicative of the
effects of environmental changes on the emerging parasitic diseases like RVFV (Patz et al; 2000). Component
two loading score shows the lowest negative peak ~-0.7) on the graph in the month of August, 2015. This
result corresponds to the rainfall pattern during the ENSO event of 2014 to 2015 between the northern and
southern part of Nigeria. While August is the peak rainy season in the northern part of the country, it can be
seen in Figure 1(b) that most of the northern part of the country shows negative correlations with the dataset.
On the other hand, Figure 1(d) is clearly indicating that the area was experiencing very low rainfall due to the
low peak in August 2015 for component two. Thus, impact on vegetation NDVI by this ENSO event across
Nigeria in the time-series is also shown in another lower peak of the graph of the loading scores of Component
one image (Figure 1d) where most of the study area should have an average vegetation cover. By implication,
this corresponds to the view of Adeyeye et al; (2011) that environmental health situation is usually an
interconnection between human activities and the environment.

Table 1. Percentage Variance of Three Component Images

Component Percentage

Variance

Image (%) with

total dataset

Comp 1 62.79642

Comp 2 13.97606

Comp 3 4.12597
Total Variance = 80.89845 %

(Source: PCA Analysis)

T-Mode PCA Component 2

1] —-CMP1  -=-CMP2 cMP3
A e /‘\‘

1 \\ /
N AVAeR /
4 7

i .
7

4

Sep-14 Oct-14 Nov-14 Dec-14 Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 Juk5 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15

(d)

Figure 1. Standardised Principal Component images and Loading Scores.
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(a) the first component image that shows typical characteristic of the average amount of vegetation biomass
across Nigeria and neighbouring countries (b) the second component image shows a seasonal cycle of
vegetation of the time series (c) the third component image shows a semi cycle trend of the vegetation, while
(d) shows the loading scores of the 16-months NDVI dataset for components one to three derived from PCA
analysis.
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Figure 2. NDVI Climatology map of potential risk areas of arthropod-borne viral disease across
Nigeria. These are areas subjected to extreme inter-annual climatic variability linked to the warm ENSO
periods of September 2014 to December 2015.

A further look at Component two image in Figure 1b shows a clear distinctive pattern of changing seasons
mostly across the Savanna zone but with high positive NDVI anomaly around the Niger Delta area and
southermost part of Cameroon. Furthermore, (Piou et al; 2018) have shown that there is great potential of
NDVI dataset derived from MODIS in assessing ecological conditions for monitoring recession areas and
detection of vector-borne disease outbreaks. While Yelwa, (2008) and Kemi et al; (2024) have shown that
there is a close relationship between climate change and most reported cases of diseases due the changing
climate, it was based on this assertion that the study by Yelwa, (2008) who utilised a very coarse spatial NDVI
satellite imageries from AVHRR confirmed some potential areas across Nigeria where animal vector-borne
diseases linked to the ENSO phenomenon have occurred with mortality in sheep and cattle. Thus, the study
conducted by Adesola and Idris (2022) has shown that Sokoto, Katsina, Kano, Kaduna and Borno states in the
northern part of Nigeria have the potential to give RVF virus opportunity to propagate very fast, thereby
causing an economical threat to farmers, and according to them, the increased membrane fluidity and
cytoskeletal dynamics that brought about warmer temperatures in these states that are most likely to facilitate
the transmission of this RVFV. A close look at the map of potential risk areas for RVFV across Nigeria and
other surrounding locations in Figure 2 shows that there is a strong correlation with the Climate event between
September 2014 to December 2015. As most of tropical rain forest areas of Africa do not fall within the risk
zones of such arthropod vector-borne diseases, they are however, most likely to occur in a wide range of
ecological zones especially where there is deforestation according to reported RVFV epizootic cases in cattle
within the deforested southern tropical rainfall zone of Madagascar (Morvan et al; (1991). Based on the maps
in Figures 1 (a & b) and Figure 2 there is an indication of NDVI anomaly patterns in the Niger Delta area
which has long suffered some form of environment destructions including deforestation (Boele et al; 2001), as
well as those states which Adesola and Idris, (2022) have shown to have the potential of allowing RVF virus to
propagate very fast. It is therefore, clear that RVFV epizootic cases are also most likely to occur in such
deforested tropical forest areas of the Niger delta and, particularly when there is serious flooding (Umar and
Gray, 2023). On the other hand, since the RVFV enzootic can be from various species of animals such as
goats, sheep, cattle and camels (Adesola and Idris, 2022), the pattern of the spread on the map of potential risk
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areas particularly in the southern part of Niger Republic in Figure 2 corresponds to the report by Lagare et al;
(2019) and Anywaine et al; (2022) of the emergence of this disease. It is also most likely due to infections
among livestock handlers across the study area (Opayele et al; 2018), as well as infections among
occupationally exposed persons particularly in northern part of Nigeria (Oragwa et al; 2022). The pattern of
spread and pockets in different locations could also be attributed to the movement of the nomadic rearers of
these animals that are infected with the RVF virus and the mass transportation of the animals in long trailers
and other commercial vehicles from the northern to the southern part of the country.

CONCLUSIONS

The conclusion drawn from this geospatial assessment revealed that Satellite data can be useful for periodic
monitoring of potential areas at risk of RVF Virus. Remote Sensing and GIS can be a cost-effective component
of disease control campaign because data acquired through satellites remote sensing can assist in mapping out
potential areas that are at risk to animal and human vector-borne diseases. Time-series MODIS-NDVI dataset
used in this study is now freely available to the world scientific community and can be used periodically by
health authorities and other stakeholders so as to advise policy makers accordingly. The government should be
willing to strictly implement approved polices particularly issues related to human and animal health for
environmental sustainability, otherwise the efforts of other stakeholders would be in vain. Although this
geospatial assessment did not incorporate groundtruthing in the analysis of the satellite imageries or utilised
blood specimen for laboratory analysis, the result derived from this study still provided relevant information
for public health authorities such as epidemiological departments for a sustainable environmental health and
livestock production and management in Nigeria under the present economic situation. Further studies should
utilise a better spatial resolution dataset with groudtruthing to target vulnerable areas as strategies for
prevention and control.
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