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Abstract 
Comprehensive studies on how vegetative ecosystems respond to fluctuations 
in precipitation and temperature patterns are of great necessity for environ-
mental risk assessment and land-use evaluations. The present study examined 
the annual trends in vegetation greenness in Rwanda from 2000-2015 and as-
sessed the relationship between these dynamics and climate factors by means 
of MODIS NDVI, air temperature, SOI and precipitation datasets. Mann 
Kendal trend test has been utilized to determine the direction and the rates of 
changes, while Spearman’s rank correlation method has been used to deter-
mine the levels of associability between NDVI changes and climatic variables. 
The results indicate that approximately 11.9% of the country’s vegetation has 
significantly improved (р < 0.05) from slight to significant improvement while 
10.4% of the vegetative cover degraded from slight to severe degradation and 
an estimated 77.6% of the country’s vegetation cover has remained relatively 
stable. Much of improvement has been detected in the lowlands of eastern 
province whereas much of degradation has been highlighted in the western 
highlands of the Congo Nile ridge and Kigali city. There was a weak correla-
tion between NDVI anomalies and SOI anomalies (rs = 0.36) while near sur-
face air temperature was moderately correlated (rs = 0.47) with changes in 
Mean NDVI. Precipitation was more significantly associated (r = 0.84) with 
changes in vegetation health in low plains of Eastern Province (Nyagatare 
District in particular) than in the high altitude regions of the Congo Nile 
ridge. A strong positive correlation with precipitation was found in rain fed 
croplands; mosaic vegetation; mosaic forest or shrubland, herbaceous vegeta-
tion/grass- land savannah and sparse vegetation. Identification of degradation 
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hotspots could significantly help the government and local authorities galvan-
ize efforts and foster results driven policies of environmental protection and 
regeneration countrywide. 
 

Keywords 
MODIS NDVI, Mann Kendall Test, Vegetation Health, Rwanda, Climate 

 

1. Introduction 

Over the last century, global surface temperature data have shown an increase of 
approximately 0.74˚C according to the fourth Assessment report (AR4) of the 
Intergovernmental Panel on Climate Change (IPCC) [1]. Africa is one of the 
most vulnerable continents to climate change and climate variability. This situa-
tion is aggravated by the interaction of ‘multiple stresses’, occurring at various 
levels, and Africa’s low adaptive capacity [2]. Interannual rainfall variability is 
large over most of Africa and, for some regions, multi-decadal variability is also 
substantial [3]. Increased interannual variability has however been observed in 
Africa, during the period post 1970; with high rainfall anomalies, more intense 
and widespread droughts [3].  

In most of tropical regions, it has been observed that the most significant 
drivers of inter-annual variations in climate and ecosystem productivity include 
El Niño and La Niña Southern Oscillations (ENSO) [4]. Both phenomena have 
been demonstrated to considerably influence ecological processes and terrestrial 
ecosystems [5] [6]. For instance, Milena Holmgren et al. suggested that ENSO- 
induced pulses of enhanced plant productivity can cascade upward through the 
food web invoking unforeseen feedbacks, and can cause open dryland ecosys-
tems to shift to permanent woodlands [7].  

The United Nations Economic Commission for Africa, in its 2008 report, de-
fined desertification as a process of land degradation in arid, semi-arid and dry 
sub-humid areas, resulting from various factors, including climatic variations 
and human activities. The commission further reiterates that desertification ma-
nifests itself through soil erosion, water scarcity, reduced agricultural productiv-
ity and loss of vegetation cover and biodiversity [8]. Vegetation plays a primor-
dial role in the interactions between the biosphere and the atmosphere [9] and 
vegetation phenology, as a sensitive indicator, could reflect the effects of climatic 
variability on vegetation growth and distribution [10]. Comprehensive studies 
on how vegetative ecosystems respond to fluctuations in precipitation and tem-
perature patterns are of great necessity, not only for environmental risk assess-
ment and land-use evaluations, but also in modelling ecosystems productivity 
and carbon exchange [11]. With the advent of new sensors like MODIS (Mod-
erate Resolution Imaging Spectroradiometer), offering unparalleled sets of data 
to extract key parameters and monitor trends in vegetation, satellite remote 
sensing has been considered as an ideal technology to assess phenological res-
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ponses to climate variability in a sense that it permits analyses of large areas with 
a high temporal frequency [12].  

Despite the growing interest of researchers in examining the forcing-response 
mechanisms between vegetation and climate on the African continent [11] [12] 
[13] [14] [15], only a handful of investigations have been carried out in the East 
African region [16] [17]. For instance, John Musau et al. [18] found that persis-
tent declining vegetation trends are present from Southern Ethiopia extending 
through Central Kenya into Central Tanzania. 

Notwithstanding their well-known topographical and ecological discrepancies 
however, little attention has been paid to ascertaining trends in specific geo-
graphical entities of the region. The recent attempt to analyze the dynamics of 
vegetation in Rwanda [12] left many questions unsolved in a sense that it was 
only confined to one season out of four and only precipitation was considered as 
a climatic variable. Yet, in other areas, it was proven that temperature plays a 
most significant role in driving the vegetation photosynthetic activity [11] [19]. 
Hence, the spatial temporal vegetation responses to climate variability in Rwan-
da are still ambiguous and cannot be exactly pinpointed at the annual scale. In 
its extraordinary session of November 10th 2016, the cabinet meeting placed 
emphasis on tree planting for green spaces extension and sustainability 
throughout the country. Therefore, indicative studies on areas of high priority 
are paramount to facilitate in the regeneration campaign. 

This research primarily seeks to provide additional inputs to the current scope 
of knowledge by (1) spatially and qualitatively assessing the seasonal responses 
of vegetation to inter-annual climatic variability in Rwanda; (2) identifying the 
likely influences of ENSO events on vegetative activity in Rwanda; (3) and de-
termining both the seasonal and annual trends in vegetation greenness over 
Rwanda from the year 2000 through 2015.  

2. Materials and Methods 
2.1. Study Area 

Rwanda is a landlocked country located in East-central Africa, occupying a su-
perficies of 26,338 square Km on the eastern shoulder of Kivu-Tanganyika rift, 
lying between 1˚41' and 2˚51'' south latitude and 28˚53'' and 30˚53'' east longi-
tude [20]. The country has four climatic seasons in which long rainy (late Feb-
ruary-late May) and short rainy seasons (end September-early December) alter-
nate with long dry (June–September) and short dry (mid-December– 
mid-February) seasons [12]. The land mass consists of a diversified range of ve-
getation species; where in the southern parts, mixed broadleaved, need leleaved 
and mosaic croplands concatenate with mosaic vegetation (grasslands/bush- 
lands/forests). In the western province, along the Congo Nile ridge, the broad-
leaved, ever green or semi-deciduous forests are dominant, with the deciduous 
forests towards the southwestern part of Rwanda, especially the Nyungwe forest. 
In the northern parts, the rainfed croplands are predominant in cohabitation 
with several patches of deciduous forest and woodland while, in the eastern 
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province, herbaceous vegetation/grassland savannah is the main type of vegetation. 
Figure 1 shows Rwanda and its geographical position on the African continent.  

2.2. Datasets 

The Normalized Difference Vegetation Index (NDVI) has proven to be a useful 
index in depicting the continental-scale distribution and phenological seasonal 
changes of vegetation [21] [22]. In tropical Africa, NDVI integrated over the 
growing seasons has been found to be highly correlated with the ground-ob- 
served total dry biomass production of natural vegetation [15]. It is thus the 
most commonly used remote sensing dataset for vegetation and land degrada-
tion monitoring [23]. This study has used the NDVI dataset MOD13Q1A2 from 
2000 to 2015, acquired from the Moderate Resolution Imaging Spectroradiome-
ter (MODIS) aboard NASA’s Terra satellite calibrated at 250 m resolution and 
can be accessed online at http://ladsweb.nascom.nasa.gov/data/html. This data-
set is believed to offer better performance due to onboard calibration and im-
proved pixel geo-referencing. Rainfall estimates have been obtained from the 
Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS 
_version 2). CHIRPS incorporates 0.05˚ resolution satellite imagery with in-situ 
station data to create gridded rainfall time series for trend analysis and seasonal 
drought monitoring worldwide [24]. In this study, we have used CHIRPS ver-
sion 2.0 dataset; available online at ftp://ftp.chg.ucsb.edu/pub/org/chg/products/ 
CHIRPS-2.0/global_monthly/tifs/. Temperature data from 2000-2012 have been 
downloaded from the World Bank’s meteorological data sharing service portal 
and have been used to determine the temperature tendencies and to estimate the 
correlation between them and vegetation. Temperature is a key parameter in the 
physics of land-surface processes on regional and global scales, combining the 
results of all surface-atmosphere interactions and energy fluxes between the at-
mosphere and the ground, and has been utilized in vegetation monitoring stu-
dies by various authors [25] [26] [27]. In addition, a vegetation Land Cover map 
was acquired from the Database of Global Change Parameters of the Chinese 
Academy of Sciences (http://blog.sina.com.cn/s/blog_670ee7720101c0ng.html) 
in order to assess the annual trends per vegetation type. Indicative of the El 
Niño/La Nina phenomena, the Southern Oscillation Index data have been ob-
tained from the Japan Meteorological Agency (JMA) 
(http://ds.data.jma.go.jp/tcc/tcc/products/ elnino/ index/). Table 1 summarizes 
the datasets used in this study. 

2.3. Methodology 
2.3.1. Data Processing 
The Modis Re-projection Tool (MRT) has been utilized to extract the targeted 
index from the whole assemble of indices contained in the original HDF-EOS 
data files while concurrently transforming the data from the original projection 
to an earth surface based projection (World Geodetic System, UTM 36S) and 
mosaicking the subsequent raster datasets [28] to allow for a Region-of-Interest  
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    Figure 1. Location of Rwanda and its administrative subdivisions. 
 
Table 1. Descriptive summary of the data used in this study 

 Resolution    

dataset spatial temporal provider period source 

Modis NDVI 250 m 16 days NASA 2000-2015 http://ladsweb.nascoma 

Rainfall 0.05˚ monthly CHIRPS 2000-2015 ftp://ftp.chg.ucsb.edub 

Temperature - monthly World Bank 2000-2012 http://sdwebx.worldbankc 

SOI - monthly JMA 2000-2015 http://ds.data.jma.go.jpd 

Vegetation map 250 m - CAS 2005 http://blog.sina.com.cne 

ahttp://ladsweb.nascom.nasa.gov/data/html. 
bftp://ftp.chg.ucsb.edu/pub/org/chg/products/CHIRPS-2.0/global_monthly/tifs/ 
chttp://sdwebx.worldbank.org/climateportal/index.cfm?page=downscaled_data_download&menu=historical 
dhttp://ds.data.jma.go.jp/tcc/tcc/products/elnino/index/ 
ehttp://blog.sina.com.cn/s/blog_670ee7720101c0ng.html 
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focused analysis. Although MODIS NDVI, due to increased resolution, has re-
portedly had improved performance in comparison with the index retrieved 
from the Advanced Very High Resolution Radiometer, researches have shown 
that this dataset is still vulnerable to cloud contamination, aerosol concentra-
tions, the residual atmospheric and the bidirectional effects [29]. Figure 2 
Therefore, a smoothing technique based on the Savitzky Golay filter has been 
applied to the dataset before analysis to eliminate contamination from the 
aforementioned factors that may tend to suppress NDVI values [30]. A recent 
study carried out by Geng et al. demonstrated that Savitzky Golay filtering me-
thod outweighs the other filtering methods in terms of performance [31]. 

2.3.2. Data Analyses 
Mann-Kendall trend test is a nonparametric test used to identify a trend in a se-
ries, even if there is a seasonal component in the series. This test is the result of 
the development of the nonparametric trend test first proposed by Mann (1945), 
before being further developed by Kendall in 1975 and improved by Hirsch and 
colleagues in 1982 and 1984, allowing the test to take seasonality characteristics 
into account [32]. A number of studies have previously used the Mann Kendall 
test to analyze the trends in hydro-meteorological variables [33] [34] [35] as well 
as in studies involving vegetation dynamics [36] [37] [38]. The Mann-Kendall S 
Statistic is computed as follows: 
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where, Tj and Ti are the annual values in years j and i, j > i, respectively [39].  
Correlation was analyzed by applying the Spearman’s rank correlation test. 
Spearman defined rs as follows: 
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where i id x y= − ; n is the number of ranked pairs of ranking and xi and yi are 
ranks [40].  

3. Results 
3.1. Analysis of Seasonal Vs Annual Changes in NDVI 

NDVI is the most commonly used remote sensing index as a proxy to assess 
changes in vegetation health [23]. Despite the constantly evolving number of 
vegetation indices, NDVI remains an indispensable reference index for vegeta-
tion and land degradation monitoring. Therefore, based on NDVI, we present, 
in Figure 3, the spatial distribution of seasonal changes in Rwanda’s vegetation 
from 2000 through 2015. Water bodies have been masked to preclude any possi-
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ble interference throughout the spatial and statistical analyses contained herein.  
From Figure 3, it can be observed that during the short rainy and long dry 

seasons, vegetation vigor and health considerably improved in many parts of the 
country. Regions where NDVI trends could go as high as 0.05 year−1 have been 
categorized as substantially improving, while regions where NDVI trends could 
go as low as −0.06 year−1 have been denoted as substantially degrading. Much of 
interest, however, has been focused on the overall trend, calculated over the an-
nual scale as shown in Figure 4. The annual trend reflects the annual changes in 
vegetation health as a response to interrelated environmental forces occurring 
throughout the year. 

Areas of severe degradation extend along the Congo Nile ridge in the western 
province whereas areas of improvement are mostly found in the eastern savan-
nahs and the northern Bubereka highlands. Additionally, a colossal amount of 
 

 
Figure 2. Spatial Distribution of different vegetation biomes on the Rwandan territory. 
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     Figure 3. Seasonal changes in vegetation NDVI from 2000-2015. 
 

 
      Figure 4. Annual rate of changes in vegetation NDVI from 2000-2015. 



F. Ndayisaba et al. 
 

472 

patches in regeneration (up to 0.05 increase yr−1) is located along the Western 
portions of the Nyamagabe district while acute degradation in the surrounding 
areas along the gates of Rusizi and Nyamasheke districts stunts the extension of 
regeneration. These results are congruent with the findings of Kayiranga et al. 
[41] who, while monitoring forest cover changes in the Nyungwe-Kibira corri-
dor, reiterated that patches in Nyung we National Park and its buffer zone were 
vastly degraded due to anthropogenic activities. Signs of slight degradation ap-
parent in the central plateau and in Kigali city should also be underscored. The 
statistical analysis of area proportions in terms of amelioration/degradation is 
presented in Table 2: 

It can be noted that almost 12% of the vegetation area improved either sub-
stantially (up to +0.05 yr−1) or slightly (with an annual increase ranging from 
0.008 to 0.02), while 10.4% degraded throughout the study period. Evaluated on 
the annual scale, a vast majority of pixels (77.6%) were characterized by a rela-
tive stability in a sense that no signs of degradation or improvement were de-
tected. 

3.2. Inter-Annual Changes in Seasonal Air Temperature; Mean 
NDVI, ENSO Anomaly and NDVI Anomaly 

While there have been no significant changes detected in air temperature within 
the 12 years considered, a seemingly upward trend has been found in the short 
dry season and the long rainy season while a diminishing trend was observed 
within the remaining two seasons. Figure 5 represents fluctuations in mean air 
temperature and Mean NDVI, mean NDVI anomaly and Southern Oscillation 
Index. 

The difference between the monthly average NDVI and the longitudinal av-
erage of the same month calculated over the entire study period has been as-
sumed to represent an NDVI anomaly. Negative NDVI anomalies have been de-
tected in the years 2000, 2004 and 2006 in all the seasons. The long rainy season 
and the long dry season have had the highest record of negative NDVI anoma-
lies, occurring in 9 and 8 years respectively. The years 2005 and 2014 were also 
marked by a negative NDVI anomaly in all the seasons, except for the first dry 
season. In 2007 and 2010, positive anomalies were observed in all seasons. 

Southern Oscillation Index (SOI) is one measure of the large-scale fluctua-
tions in air pressure occurring between the western and eastern tropical Pacific 
 
Table 2. Synthetic analysis of the status and the magnitude of inter-annual vegetation 
changes from 2000-2015. 

SNDVI Change description Area percentage (%) 

≥ 0.02 Strong improvement 0.18135403 
11.93 

0.008 - 0.02 Slight improvement 11.75619128 

−0.0005 - 0.008 Relative stability 77.6491624 77.64 

−0.02 - (−0.0005) Slight degradation 9.887622707 
10.41 

< −0.02 Severe degradation 0.525639584 
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Figure 5. Interannual variations in air temperature (a); Mean NDVI (b); NDVI anomaly 
(c) and Southern Oscillation Index (d) 
 
during El Niño and La Niña episodes. In Figure 5, negative SOI anomalies cor-
respond to El Niño episodes whilst positive SOI anomalies correspond to La 
Niña episodes [4] [42]. As shown in Figure 6, the Mean NDVI was moderately 
correlated with air temperature while a weak correlation between NDVI anoma-
lies and SOI anomalies was reported. 

While Southern Oscillation anomalies may drive changes in annual precipita-
tion and temperature, the detected weak correlation between mean NDVI ano-
malies and SOI anomalies suggests that there may be a weak direct relationship 
between vegetation health and SO in Rwanda. According to Figure 6, tempera-
ture was moderately correlated (rs = 0.47) with changes in vegetation activity, 
indicating that NDVI was directly responsive to other climatic factors such as 
precipitation and temperature variations rather than the immediate changes in 
SO events. 

3.3. Inter-Annual Rainfall Dynamics and Their Relationship with  
Vegetation NDVI 

Figure 7 illustrates the spatial inter-annual variations of precipitation, as well as 
the spatial distribution of the correlation coefficient between precipitation and 
NDVI dynamics in Rwanda.  

A Southwest-Eastward deflection in annual precipitation pattern has been 
noted in Rwanda. From 2000-2015, annual rainfall amounts have been tumbling 
in the western and southern parts of the country (up to −0.3 mm∙year−1 in the far 
west) while gradually rising in the eastern parts of the country (up to ≈+0.9 
mm∙year−1 in Nyagatare district). This is in agreement with the findings of 
Ndayisaba et al. [12], who found that there was an apparently split pattern (gra- 
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     Figure 6: Spearman’s correlation coefficient. 
 

 
Figure 7. Annual trends in precipitation (left) and the Spatial correlation between preci-
pitation changes and NDVI dynamics (right). 
 
dual decrease in the west vs. gradual increase in the east) in precipitation dy-
namics over Rwanda during the first growing season [12].  

As it can be observed in Figure 7 (right), precipitation was much more asso-
ciated with vegetation health in low plains of Eastern Province (Nyagatare dis-
trict in particular) than in the high altitude regions of the Congo Nile ridge. A 
strong positive correlation was found in rain fed croplands; mosaic vegetation;  
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Figure 8. Spatial distribution of Rainfall dynamics during the Long Rainy Season from 
2000-2015. 
 
mosaic forest or shrubland, herbaceous vegetation/grassland savannah and 
sparse vegetation. 

4. Discussion 
4.1. Spatial Temporal Changes in Vegetation on Annual and  

Seasonal Basis 

Changes in vegetation health and vigor have been evaluated by means of remote 
sensing, using NDVI as a reflective indicator. Vegetation phenology in the short 
rainy season (season 1) has generally been characterized by positive trends of 
increase and the maximum rate was +0.0523878 annually, while some sporadic 
spots of degradation have been observed on a small extent. These results agree 
with the previous findings obtained when a similar analysis was solely conducted 
over the first growing season, arguing that 81.3% of vegetation in the first grow-
ing season had improved either slightly or substantially [12]. Also, Bikash Basnet 
et al. [43] argued that reforestation efforts in the region such as national tree 
planting week (implemented by Government of Rwanda) since 2001 and other 
environmental awareness campaigns may have contributed to the slowdown of 
the overall trend in deforestation [43], eventually increasing the robustness of 
vegetation. For instance, this study has highlighted the overwhelming number of 
pixels in regeneration over the Nyamagabe district, which is reputed to be 
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among top five districts protected against soil erosion in Rwanda according to 
the report issued by the National Institute of Statics of Rwanda.  

During the short dry season (season 2); there are visibly bigger spatial extents 
of inter-annual vegetation canopy degradation along the central plateau and the 
crest Congo Nile from 2000 to 2015. Maximum degradation rate could go as 
high as −0.06 year−1 while the improvement rate could go as high as 0.05 year−1. 
In the long rainy season (season 3), lots of degradation hotspots have been de-
tected. A large number of pixels distributed throughout the country (Figure 3) 
incurred considerable diminutions in NDVI values; implying that the photo-
synthetic activity has been regressing during this season. Obviously, the mal-
functioning of vegetation during the long rainy season can be attributed to in-
ter-annual variations in rainfall. From Figure 8, it is shown that precipitation 
has been declining during this season in most parts of the country. 

Areas in orange-to-red indicate a reduction in rainfall (up to −1.18 mm/year) 
while areas in medium apple highlight areas with rainfall increases (up to 2.5 
mm/year). Referring to the information contained in Figure 7 (right), areas sig-
nificantly amenable to changes in rainfall such as the eastern province in Nyaga-
tare and parts of the central plateau have been affected; thus leading to a decline 
in vegetation activity during this season.  

4.2. Correlation between NDVI, Air Temperature and Southern  
Oscillations 

This study has found that NDVI was moderately correlated with air temperature 
in Rwanda and weakly correlated with Southern Oscillations as shown in Figure 
6. According to Xiaoyang Zhang et al, vegetation phenology closely follows the 
spatial and temporal patterns in rainfall seasonality [11]. Our research has found 
no significant direct relationship between the EN Southern Oscillations and ve-
getation phenology in Rwanda, corroborating the early findings of Anyamba A. 
and J. R. Eastman [44] who claimed that they had detected, most particularly 
over eastern Africa, another form of vegetation phenology inter-annual variation 
which was not consistent with ENSO anomalies. A number of other studies us-
ing standard meteorological data (rainfall and temperature) have shown that 
ENSO teleconnections over Africa had major centers in Southern Africa [44]. 

4.3. Investigating on the Correlation between Rainfall and NDVI on 
the Annual Scale 

The results of this study suggest that vegetation phenology is significantly related 
to rainfall availability in the Eastern province of Rwanda, where the vegetation 
types are generally grassland savannahs and sparse vegetation. Patterns in vege-
tation green-up at small scales are partly associated with soil properties and ve-
getation types. Vegetation (especially herbaceous species) grows rapidly and 
early on sandy soils since rainfall can quickly infiltrate and is available for plant 
growth. In contrast, a large amount of rainfall evaporates or runs off from clay 
soils with low infiltration rates [45]. Negative correlations were established in 
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the forest region of the western Rwanda, along the Congo Nile ridge. While ana-
lyzing the global relationships between NDVI and precipitation, Schultz et al., 
maintain that tropical rainforests tend to have low NDVI precipitation correla-
tions, largely as a result of year-round precipitation rates in excess of a threshold 
beyond which vegetation is not responsive [46]. The lack of correlation in forest 
regions is further confirmed by Shinoda M. [15], who suggested that in the 
equatorial rain forest, the water supply for vegetation is large enough all year 
round so that vegetation does not respond so markedly to precipitation. On the 
other hand, in the savanna region, where evaporation exceeds precipitation 
during the dry season, the vegetation quantities, such as green biomass, tend to 
respond drastically to the onset of the rainy season [15]. Agreeing to the pre-
vious findings of Ndayisaba et al., 2015, vegetation phenology was poorly to ne-
gatively correlated with precipitation in highlands of Buberuka and southeastern 
parts of Rwanda such as Ngoma and Kirehe districts. Floods have been held re-
sponsible for major land and ecosystem degradation in the Northern Province 
[47]. 

4.4. Uncertainties and Outlooks 

Even if there is no alternative to remotely sensed data for global, continental and 
regional scale monitoring of long term spatial temporal vegetation dynamics, the 
technique is not flawless. A wide array of phenomena in addition to temperature 
and precipitation may contribute to the interannual variance of NDVI. Crop 
scheduling, irrigation, fertilization, deforestation, and reforestation are examples 
of human impacts on vegetation that may not be directly attributable to climate 
anomalies [46]. Equally, fires, insect swarms, disease, and changes in topsoil are 
examples of naturally varying factors that may significantly impact vegetation 
[46]. Therefore, more research efforts linking satellite remote sensing detected 
trends to ground observations are greatly encouraged. Characterizing vegetation 
greenness would be improved by incorporating, at a fine resolution, NDVI, pre-
cipitation, air temperature, cloud cover, water availability across world biomes 
with new tools such as the vegetation sensitivity index [48]. 

5. Conclusion 

The present study examined the influences and the characteristics of in-
ter-annual changes in vegetation health in Rwanda. Changes in annual weather 
patterns were analyzed by means of precipitation datasets retrieved from 
CHIRPS and temperature data from the World Bank meteorological estimates. 
Changes have been elucidated from seasonal to annual standpoint. By analyzing 
the year-to-year fluctuations of a time series, it has been possible to reveal and 
quantify variations over the observation period, and the direction of change has 
been determined through the analysis of the slope value [49]. Trends statistically 
different from a null trend are assumed to be a measure of degradation of the 
vegetation cover; trends with non-significant (null) slope values represent stable 
areas while those with positive or negative slope values are respectively asso-
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ciated with progressive or regressive vegetation activity [50] [51]. It has been 
found that areas of improvement had improved at a maximum annual rate of 
approximately 0.05. 11.9% of the country’s vegetation has significantly improved 
(р < 0.05) from slight to robust improvement while 10.4% of the vegetative cover 
degraded from slight to severe degradation. An estimated 77.6% of the vegetative 
cover has remained relatively stable. From the annual scale point of view, it has 
been observed that since 2000 to 2015, there’s a consistent pattern of ameliora-
tion in the eastern province and degradation in the western province, especially 
along the forests boundaries and the Congo Nile ridge. Precipitation was signifi-
cantly correlated with NDVI in the eastern province and poorly correlated in the 
western province. Future researches are encouraged to comprehensively ascer-
tain the drivers of change in vegetation activity in the western province and the 
district of Ngoma district in the eastern province. Furthermore, flood mitigation 
policies are paramount to reduce vegetation cover degradation since vegetation 
canopies located on waterlogged soils and regularly flooded areas of the Western 
and Northern provinces were characterized by negative trends. Finally, similar 
studies conducted on a regular basis could significantly help in evaluating the 
regeneration process and the effectiveness of environmental protection policies 
throughout the country. 

Acknowledgements 

The authors are thankful to the United States Geological survey, NASA, JMA 
and CHIRPS teams for the provision of data. This research has been supported 
by the China-Africa Joint Research Centre Project of the Chinese Academy of 
Sciences (SAJC201610). The authors would also like to appreciate the support 
from the International cooperation Ministry of Science, within the framework of 
the China-Arab League Desertification Control Technology Cooperation 
(2010DFB34020) 

References 
[1] IPCC (2007) Summary for Policy Makers. In: Climate Change 2007: The Physical 

Science Basis, Contribution of Working Group I to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change, Cambridge. 

[2] Boko, M., Niang, I., Nyong, A., Vogel, C., Githeko, A., Medany, M., Osman-Elasha, 
B., Tabo, R. and Yanda, P. (2007) Africa, Climate Change 2007: Impacts, Adapta-
tion and Vulnerability. Contribution of Working Group II to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate Change, Cambridge, 433- 
467. 

[3] Fauchereau, N., Trzaska, S., Richard, Y., Roucou, P. and Camberlin, P. (2003) Sea 
Surface Temperature Co-Variability in the Southern Atlantic and Indian Oceans 
and Its Connections with the Atmospheric Circulation in the Southern Hemisphere. 
International Journal of Climatology, 23, 663-677. https://doi.org/10.1002/joc.905 

[4] Plisnier, P.D., Serneels, S. and Lambin, E.F. (2000) Impact of ENSO on East African 
Ecosystems: A Multivariate Analysis Based on Climate and Remote Sensing Data. 
Global Ecology & Biogeography, 9, 481-497. 

https://doi.org/10.1002/joc.905


F. Ndayisaba et al. 
 

479 

[5] Stenseth, N.C., Ottersen, G., Hurrell, J.W., Mysterud, A., Lima, M., Chan, K.-S., 
Yoccoz, N.G. and Êdland, B.R.A. (2003) Studying Climate Effects on Ecology 
through the Use of Climate Indices: The North Atlantic Oscillation, El Nino South-
ern Oscillation and Beyond. The Royal Society. 

[6] Stenseth, N.C., Geirottersen, A.M., Hurrell, J.W., Chan, K. and Lima, M. (2002) 
Ecological Effects of Climate Fluctuations. Science, 297, 1292-1296. 

[7] Holmgren, M., Scheffer, M., Ezcurra, E., Gutiérrez, J.R. and Mohren, G.M.J. (2001) 
El Niño Effects on the Dynamics of Terrestrial Ecosystems. Trends in Ecology & 
Evolution, 16, 89-94. 

[8] UNESC (2007) Africa Review Report on Drought and Desertification. Economic 
Commission for Africa, 3. 

[9] Cao, M. and Woodward, F.I. (1998) Dynamic Responses of Terrestrial Ecosystem 
Carbon Cycling to Global Climate Change. Nature, 393, 249-252. 

[10] Zhang, G., Zhang, Y., Dong, J. and Xiao, X. (2013) Green-Up Dates in the Tibetan 
Plateau Have Continuously Advanced from 1982 to 2011. PNAS, 110, 4309-4314. 

[11] Zhang, X., Friedl, M.A., Schaaf, C.B., Strahler, A.H. and Liu, Z. (2005) Monitoring 
the Response of Vegetation Phenology to Precipitation in Africa by Coupling 
MODIS and TRMM Instruments. Journal of Geophysical Research, 110, D12103. 

[12] Felix, N., Guo, H., Bao, A., Guo, H., Karamage, F. and Kayiranga, A. (2016) Under-
standing the Spatial Temporal Vegetation Dynamics in Rwanda. Remote Sensing, 8, 
1-17. 

[13] Genesis, T., Yengoh, D.D., Olsson, L., Tengberg, A.E. and Tucker, C.J. (2014) The 
Use of the Normalized Difference Vegetation Index (NDVI) to Assess Land Degra-
dation at Multiple Scales: A Review of the Current Status, Future Trends, and Prac-
tical Considerations. Lund University Center for Sustainability Studies (LUCSUS), 
and the Scientific and Technical Advisory Panel of the Global Environment Facility 
(STAP/GEF). 

[14] Stefanie, M., Herrmann, A.A. and Tucker, C.J. (2005) Recent Trends in Vegetation 
Dynamics in the African Sahel and Their Relationship to Climate. Global Environ-
mental Change, 15, 394-404. 

[15] Shinoda, M. (1994) Seasonal Phase Lag between Rainfall and Vegetation Activity in 
Tropical Africa as Revealed by NOAA Satellite Data. International Journal of Cli-
matology, 15, 639-656.  

[16] Clements, N., Sarkar, S.K., Zhao, Z. and Kim, D.Y. (2014) Applying Multiple Test-
ing Procedures to Detect Change in East African Vegetation. The Annals of Applied 
Statistics, 8, 286-308. 

[17] Phu La, H., Patric, T.R., Byung, W.P. and Yang, D.E. (2013) Analysis of the Rela-
tionship between MODIS NDVI, LAI and Rainfall in the Forest Region of Rwanda. 
International Journal of Digital Content Technology and Its Applications, 7, 559- 
569. 

[18] John, M., Sopan, P., Justin, S. and Marshall, M. (2016) Spatio-Temporal Vegetation 
Dynamics and Relationship with Climate over East Africa, Hydrology and Earth 
System Sciences. Hydrology and Earth System Sciences Discussions. 

[19] Zhang, J., Zhang, Q., Yang, L. and Li, D. (2006) Seasonal Characters of Regional 
Vegetation Activity in Response to Climate Change in West China in Recent 20 
Years. Journal of Geographical Sciences, 16, 78-86.  
https://doi.org/10.1007/s11442-006-0108-0 

[20] Muhire, I., Ahmed, F. and Abd Elbasit, M.M.M. (2015) Spatio-Temporal Variations 
of Rainfall Erosivity in Rwanda. Journal of Soil Science and Environmental Man-

https://doi.org/10.1007/s11442-006-0108-0


F. Ndayisaba et al. 
 

480 

agement, 6, 72-83. 

[21] Oscar Rojas, F.R., Delincé, J. and Léo, O. (2011) Using the NDVI as Auxiliary Data 
for Rapid Quality Assessment of Rainfall Estimates. Africa International Journal of 
Remote Sensing, 32, 3249-3265. 

[22] Martin Schmidt, D.K., Conrad, C., Dech, S. and Paeth, H. (2013) On the Relation-
ship between Vegetation and Climate in Tropical and Northern Africa. Theoretical 
and Applied Climatology, 115, 341-353. 

[23] Ibrahim, Y.Z., Balzter, H., Kaduk, J. and Tucker, C.J. (2015) Land Degradation As-
sessment Using Residual Trend Analysis of GIMMS NDVI 3 g, Soil Moisture and 
Rainfall in Sub-Saharan West Africa from 1982 to 2012. Remote Sensing, 7, 5471- 
5494. https://doi.org/10.3390/rs70505471 

[24] Chris Funk, P.P., Landsfeld, M., Pedreros, D., Verdin, J., Shukla, S., Husak, G., 
Rowland, J., Harrison, L., Hoell, A. and Michaelsen, J. (2015) The Climate Hazards 
Infrared Precipitation with Stations—A New Environmental Record for Monitoring 
Extremes. Scientific Data. 

[25] Wan, Z. (2006) New Refinements and Validation of the MODIS Land-Surface 
Temperature/Emissivity Products. Remote Sensing of Environment, 112, 59-74. 

[26] Wan, Z., Zhang, Y., Zhang, Q. and Li, Z. (2002) Validation of the Land-Surface 
Temperature Products Retrieved from Terra Moderate Resolution Imaging Spec-
troradiometer Data. Remote Sensing of Environment, 83, 163-180. 

[27] Wan, Z., Wang, P. and Li, X. (2004) Using MODIS Land Surface Temperature and 
Normalized Difference Vegetation Index Products for Monitoring Drought in the 
Southern Great Plains, USA. International Journal of Remote Sensing, 25, 61-72.  
https://doi.org/10.1080/0143116031000115328 

[28] Center LP DAAC. MODIS Reprojection Tool.  
https://lpdaac.usgs.gov/tools/modis_reprojection_tool  

[29] Piao, S.L., Mohammat, A., Fang, J.Y., Cai, Q. and Feng, J.M. (2006) NDVI-Based 
Increase in Growth of Temperate Grasslands and Its Responses to Climate Changes 
in China. Global Environmental Change, 16, 340-348. 

[30] Chen, J., Jonsson, P., Tamura, M., et al. (2004) A Simple Method for Reconstructing 
a High Quality NDVI Time-Series Dataset Based on Savitzky Golay Filter. Remote 
Sensing of Environment, 91, 332-344. 

[31] Geng, L., Ma, M., Wang, X., et al. (2014) Comparison of Eight Techniques for Re-
constructing Multi-Satellite Sensor Time-Series NDVI Data Sets in the Heihe River 
Basin. China Remote Sensing, 6, 2024-2049. https://doi.org/10.3390/rs6032024 

[32] Hirsch, R.M. and Slack, J.R. (1984) A Non-Parametric Trend Test for Seasonal Data 
with Serial Dependence. Water Resources Research, 20, 727-732.  
https://doi.org/10.1029/WR020i006p00727 

[33] Liu, J., Wang, S., Yu, S., Yang, D. and Zhang, L. (2009) Climate Warming and 
Growth of High-Elevation Inland Lakes on the Tibetan Plateau. Global and Plane-
tary Change, 67, 209-217. 

[34] Krishnakumar, K.N., Prasada Rao, G.S.L.H.V. and Gopakumar, C.S. (2009) Rainfall 
Trends in Twentieth Century over Kerala, India. Atmospheric Environment, 43, 
1940-1944. 

[35] Mosmann, V., Castro, A., Fraile, R., Dessens, J. and Sanchez, J.L. (2004) Detection 
of Statistically Significant Trends in the Summer Precipitation of Mainland Spain. 
Atmospheric Research, 70, 43-53. 

[36] Martínez, B. and Gilabert, M.A. (2009) Vegetation Dynamics from NDVI Time Se-
ries Analysis Using the Wavelet Transform. Remote Sensing of Environment, 113, 

https://doi.org/10.3390/rs70505471
https://doi.org/10.1080/0143116031000115328
https://lpdaac.usgs.gov/tools/modis_reprojection_tool
https://doi.org/10.3390/rs6032024
https://doi.org/10.1029/WR020i006p00727


F. Ndayisaba et al. 
 

481 

1823-1842. 

[37] De Jonga, R., de Bruin, S., de Witc, A., Schaepmana, M.E. and Dente, D.L. (2010) 
Analysis of Monotonic Greening and Browning Trends from Global NDVI 
Time-Series. Remote Sensing of Environment, 115, 692-702. 

[38] Huber, S., Rasmus, F. and Rasmussen, K. (2011) Water Availability as the Driver of 
Vegetation Dynamics in the African Sahel from 1982 to 2007. Global and Planetary 
Change, 76, 186-195. 

[39] Karmeshu, N. (2012) Trend Detection in Annual Temperature & Precipitation Us-
ing the Mann Kendall Test—A Case Study to Assess Climate Change on Selected 
States in the Northeastern United States. University of Pennsylvania, Pennsylvania. 

[40] Caruso, J.C. and Cliff, N. (1997) Empirical Size, Coverage and Power of Confidence 
Intervals for Spearmn’s Rho. Educational and Psychological Measurement, 57, 637- 
654. 

[41] Kayiranga, A., Felix, N., Fidele, K. and Lamek, N. (2016) Monitoring Forest Cover 
Change and Fragmentation Evaluation Using Remote Sensing and Landscape Me-
trics in Nyungwe-Kibira Park. Journal of Geoscience and Environment Protection. 

[42] NOAA. Southern Oscillation Index (SOI).  
https://www.ncdc.noaa.gov/teleconnections/enso/indicators/soi/  

[43] Vodacek, B.B.A. (2015) Tracking Land Use/Land Cover Dynamics in Cloud Prone 
Areas Using Moderate Resolution Satellite Data: A Case Study in Central Africa. 
Remote Sensing, 7, 6683-6709. 

[44] Anyamba, A. and Eastman, J.R. (2007) Inter-Annual Variability of NDVI over 
Africa and Its Relation to EI Nino/Southern Oscillation. International Journal of 
Remote Sensing, 17, 2533-2548. https://doi.org/10.1080/01431169608949091 

[45] Rietkerk, M., Ketner, P., Burger, J., Hoorens, B. and Olff, H. (2000) Multi-Scale Soil 
and Vegetation Patchiness along a Gradient of Herbivore Impact in a Semi-Arid 
Grazing System in West Africa. Plant Ecology, 148, 207-224.  
https://doi.org/10.1023/A:1009828432690 

[46] Schultz, P.A. and Halpert, M.S. (2007) Global Analysis of the Relationships among a 
Vegetation Index, Precipitation and Land Surface Temperature. International Jour-
nal of Remote Sensing, 16, 2755-2777.  
https://doi.org/10.1080/01431169508954590 

[47] Munyaneza, O., Ndayisaba, C., Wali, U. and Dulo, S.O. (2011) Integrated Flood and 
Drought Management for Sustainable Development in the Kagera River Basin. Nile 
Water Science Engineering Journal, 4, 60-70. 

[48] Seddon, A.W., Macias-Fauria, M., Long, P.R., Benz, D. and Willis, K.J. (2016) Sensi-
tivity of Global Terrestrial Ecosystems to Climate Variability. Nature, 531, 229-232. 

[49] Reed, B.C. (2006) Trend Analysis of Time-Series Phenology of North America De-
rived from Satellite Data. Remote Sensing, 43, 24-38.  
https://doi.org/10.2747/1548-1603.43.1.24 

[50] Jacquin, A., Sheeren, D. and Lacombe, J.P. (2010) Vegetation Cover Degradation 
Assessment in Madagascar Savanna Based on Trend Analysis of MODIS NDVI 
Time Series. International Journal of Applied Earth Observation and Geoinforma-
tion, 12, S3-S10. 

[51] Jiaper, G. and Liu, L. (2014) Vegetation Dynamics and Responses to Recent Climate 
Change in Xinjiang Using Leaf Area Index as an Indicator. Ecological Indicators, 
58, 64-76. 

 
 

https://www.ncdc.noaa.gov/teleconnections/enso/indicators/soi/
https://doi.org/10.1080/01431169608949091
https://doi.org/10.1023/A:1009828432690
https://doi.org/10.1080/01431169508954590
https://doi.org/10.2747/1548-1603.43.1.24


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact jep@scirp.org 

http://papersubmission.scirp.org/
mailto:jep@scirp.org

	Inter-Annual Vegetation Changes in Response to Climate Variability in Rwanda
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Datasets
	2.3. Methodology
	2.3.1. Data Processing
	2.3.2. Data Analyses


	3. Results
	3.1. Analysis of Seasonal Vs Annual Changes in NDVI
	3.2. Inter-Annual Changes in Seasonal Air Temperature; Mean NDVI, ENSO Anomaly and NDVI Anomaly
	3.3. Inter-Annual Rainfall Dynamics and Their Relationship with Vegetation NDVI

	4. Discussion
	4.1. Spatial Temporal Changes in Vegetation on Annual and Seasonal Basis
	4.2. Correlation between NDVI, Air Temperature and Southern Oscillations
	4.3. Investigating on the Correlation between Rainfall and NDVI on the Annual Scale
	4.4. Uncertainties and Outlooks

	5. Conclusion
	Acknowledgements
	References

