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Assessment of forest health is very vital because forests form the largest terrestrial ecosystems on earth. The greenness of
vegetation is one of the essential factors used in evaluating the health of forest reserves. This study is aimed at assessing the health
of fifteen forest reserves in Southeastern part of Nigeria using meteorological data and MOD13A1-derived Normalized Difference
Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI). Related portions of the monthly MOD13A1 data, derived for
the years 2010, 2014, and 2018, were downloaded, and the monthly mean values of the vegetation indices (NDVI and EVI) were
estimated for each of the forest reserves using the Spatial Analysis Module in ArcGIS software. The computed monthly mean
values of NDVI range from 0.094 to 0.790 while that of EVI ranges from 0.11 to 0.624 and the rainfall data range from 0 to
780.2 mm/month within the period of study. Analyses of the correlation coefficients between monthly rainfall data and NDVI,
monthly rainfall data and EVI, and that of NDVI and EVI range from —0.827 to 0.584; —0.715 to 0.914, and 0.598 to 0.980. The
obtained results indicate that some of the forest reserves are moderately healthy while some areas are under great stress. We can
conclude that satellite remote sensing is a veritable tool in the assessment, management, and monitoring of forest health especially

where there is little or no terrestrially acquired forest inventory data.

1. Introduction

Forest health in Cross River State (a State in Southeastern
Nigeria) is threatened by so many factors such as colonial
nationalization and commodification of the forest estate,
agricultural practices, government plantations and defor-
estation, uncontrolled extraction of nontimber forest
products (NTFPs), highway construction and mining of
solid minerals, dereservation of large portions of some
government forest reserves, and foresters and resistance to
decentralized forest management [1]. Forest health is a
condition of forest ecosystem that sustains their complexity
while providing for human needs [2]. Healthy forests, which
could be assessed and monitored by many forest health
indicators, are needed for aesthetical pleasure, satisfaction of
human needs, and maintenance of sustainable ecosystem.
It is unarguable that the indicators of forest health
obtained from forest inventory programs are more accurate

but their acquisition is time-consuming, laborious, and cost-
intensive. To worsen the matter, there is paucity of long-
standing and standardized forest health inventory programs
in the study area, thereby necessitating the use of remote
sensing techniques to assess the health of the forest reserves
in Cross River State following the outcry by [1] and the
reports from United Nations Programme [3, 4]. This lack of
terrestrially acquired forest inventory data makes it im-
possible to integrate satellite remote sensing techniques with
past inventory data in assessing the health of these forest
reserves under study in contrary to what is obtainable in
some other studies [5-7]. The Normalized Difference
Vegetation Index (NDVI) and Enhanced Vegetation Index
(EVI) derived from MODIS (moderate resolution imaging
spectroradiometer) coupled with meteorological data have
been severally used to determine the greenness (which is an
indicator of healthy condition) of vegetation in many lo-
calities [8-13].
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Absorption and reflection of photosynthetically active
radiation [14] over a given period of time, which is shown by
the vegetation indices, can be used to assess the health of
forest reserves. NDVI and EVTI are vegetation indices used
for measuring the greenness of the vegetation. They range
from —1 to +1, and they are very useful in monitoring and
understanding environmental and climatic changes. Vegeta-
tion indices are radiometric measures of photosynthetically
active radiation absorbed by chlorophyll in the green leaves of
vegetation canopies and are therefore good surrogate mea-
sures of the physiologically functioning surface greenness level
of a region (https://climatedataguide.ucar.edu/climate-data/
ndvi-normalized-difference-vegetation-index-3rd-generation-
nasagfsc-gimms).

The MODIS-derived vegetation indices (NDVI and EVI)
have been severally used to analyze the spatiotemporal
trends over Southern Asia [8]; extract and understand the
phenological information about evergreen, semievergreen,
moist deciduous, and dry deciduous vegetation in India [9];
forecast the seasonal crop yield in Canada [15]; identify the
corn growth in Western Mexico [16]; estimate the forest
productivity and dieback in a Mediterranean holm oak forest
[10]; assess the seasonal and potential canopy photosynthesis
in relation to seasonal changes in Leaf Area Index (LAI),
chlorophyll concentration, and air temperatures of NE
Argentina subtropical forests [11]; quantify the drought
intensity and its geographical effects in order to support the
drought monitoring applications [17]; investigate the bio-
mass of forest reserve and the periods of vegetation [12];
depict the quality and relative health of a forest reserve [13];
determine the onset of phenophases in spring and autumn
and also to assess forest growth and health condition [18];
evaluate the sensitivity of MODIS-based vegetation index to
heat and drought stress in temperate forests [19]; and
monitor the trends and changes in vegetation and evaluate
the proxies for drought conditions [20].

Several other factors can affect forest health and vitality
which include abiotic factors (wild or human-induced fires,
pollution, floods, nutrients, and extreme weather conditions
such as storms, hurricanes, droughts, snow, frost, wind, and
sun); biotic factors (insect pests, diseases and invasive
species and can either consist of fungi, plants, animal, or
bacteria); and human factors (overexploitation, competing
land uses, and poor harvesting techniques or management
can negatively impact forest ecosystems) [21]. The major
reasons for the degradation of the forest reserves under study
are deforestation and competing land uses. It is true that the
mechanism that determines forest health is complex [22],
but in this study, we have chosen to assess the forest health
by estimating the greenness (which is a direct measure of
photosynthetic potential resulting from the composite
property of total leaf chlorophyll, leaf area, canopy cover,
and canopy architecture) of vegetation using vegetation
indices derived from MODIS data for the years 2010, 2014,
and 2018 coupled with monthly rainfall data of the study
area.

The premise of the study is that NDVI and EVI are
indicators of vegetation health since deterioration and im-
provement of ecosystem in vegetation is often reflected in a
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decrease or increase in the value of NDVI and EVI. Holding
all other factors that affect vegetation constant, a healthy
forest reserve should yearly improve in greenness meaning
that the estimated mean values of the vegetation indices
should remain the same or increase from year to year.
Additionally, only positive values of NDVI should corre-
spond to vegetated zones like the forest reserves [23]. The
objectives of this study were to (1) compute monthly mean
values of NDVT and EVI from multitemporal MODIS data
for each of the fifteen forest reserves; (2) determine corre-
lation coefficients between the rainfall data and the vege-
tation indices; (3) determine the yearly seasonal variation of
vegetation indices; and (4) analyze the computed parameters
in order to assess the health of each of the fifteen forest
reserves. This study is very important in that it will help in
determining whether the forest reserves are actually dete-
riorating or improving in health and can be applied in the
monitoring and management of natural resources against
artificial and natural environmental hazards.

2. Materials and Methods

The designed workflow of this study is shown in Figure 1.

2.1. Study Site. Cross River State is a coastal State in
Southeastern Nigeria and also one of the states within the
Niger Delta region. The tropical climate of Cross River State
has an average annual temperature and rainfall as 26.1°C and
2750 mm, respectively. It lies within latitudes 4°48'45"N-6°52’
05"N and longitudes 7°49’ 35”"E-9°22'05"E. In Cross River
State, there are four synoptic stations of the Nigerian Mete-
orological Agency strategically located in different regions
(Calabar, Ikom, Obudu, and Ogoja) within the state. The
coordinates (longitude and latitude) of the four meteorological
stations where the rainfall data were obtained from are given as
Calabar (8.35°, 4.97°), Ikom (8.72°, 5.97°), Ogoja (8.80°, 6.70°),
and Obudu (9.10°, 6.61°).

Cross River State has rich natural resources, and among
them are huge forest reserves, cutting across various local
government areas of the State. Fifteen of these forest reserves
(Afi River, Achara Ihe, Agoi, Cross River North, Cross River
South, Ekinta River, Gabu, Ikom, Ikrigon, Lower Enyong,
Oban Group, Obieze-Isu, Umon Ndealichi, Uwet Odot, and
Yache) are considered, and they are referred to as Akamkpa
forest reserves in this study. Figure 2 shows the map of Cross
River State and the fifteen forest reserves evaluated in this
study.

The major activities affecting the health of these forest
reserves are deforestation, logging and timber extraction,
establishment of tree-crop agricultural plantations (e.g.,
cocoa, rubber, oil palm, cashew, and gmelina) using the
taungya system, construction of highways (e.g., Calabar-
Ikom-Ogoja road, Ogoja-Obudu-Ikom road, Calabar-Oban-
Ekang road, Calabar-Itu-Ikot Ekpene road, and Ikang-
Calabar), mining of solid minerals, farming, extraction of
nontimber forest products (e.g., wild edible vegetables, wild
edible fruits, medicinal plants, fuel wood, building materials,
and arts and craft materials), dereservation of large areas of
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FIGURE 1: Schematic workflow of the study.

FIGURE 2: Representation of the location site used in the present research.
























