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ABSTRACT: Investigating the relations between Normalized Difference Vegetation Index (NDVI) and tree growth is 

vital for quantifying ecosystem primary productivity over large spatial and long temporal scales. In this study, the 

relationships between forest growth (tree-ring width indices) and space-based measurement of vegetation activity (NDVI) 

were examined in the dry Afromontane forest remnants of northern Ethiopia. The results showed that radial growth of the 

main tree species (Juniperus procera, Olea europaea and Podocarpus falcatus) is positively correlated with inter-annual 

NDVI values. Moreover, the relationships between ring width – rainfall and rainfall – NDVI were positive and significant 

(p<0.05), suggesting that rainfall seasonality is an overriding growth-limiting factor in the study region. Rainfall during the 

wet-season largely controls cambial activities and phenological processes of the founding tree species, and hence affects 

overall vegetation dynamics in the region. Overall, the study showed the coupling of tree-ring growth and NDVI values with 

potential implications for understanding forest growth dynamics. Thus, it gives insights to the applicability of NDVI – tree-

rings integration approach to predict landscape-level patterns of vegetation productivity. 
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Climate-induced challenge is a growing concern in the 

dry tropics and it is threatening the counterbalancing 

potential of these ecosystems (IPCC, 2013). Tropical 

dry forests play a major role in balancing the global 

carbon cycle (Miles et al., 2006). Therefore, 

understanding their response to climate change is of 

high priority for predicting future dynamics and for 

informing adaptation and mitigation policies (Corlett, 

2011). This needs information on long-term response 

of vegetation to climate change. Since long-term and 

instrument-acquired climate records in the dry tropics 

are spatially and temporally limited, the use of proxy 

data is crucial for modeling current climate/vegetation 

dynamics and future vegetation shifts (Gebrekirstos et 

al., 2011). One of the most suitable proxies used to 

measure annual variability in radial growth is to use 

tree-ring records (Fritts, 2001). This approach is 

widely used in studying the effect of climate change 

on forest growth, and thus in forest management and 

ecological research. Studies in the tropics used tree-

rings to understand forest dynamics, determine tree 

population structure, construct lifetime growth 

patterns, develop growth models, predict timber yield, 

and understand climate-growth relationships (e.g. 

Fichtler et al., 2003; Brienen and Zuidema, 2006; 

Gebrekiristos et al., 2008; Couralet et al., 2010; Tolera 

et al., 2013). Emerging studies in the tropics also 

suggest that the dynamics of vegetation change and 

climate can better be understood across longer time-

series by integrating analyses of remote sensing, 

climate data, and tree-rings (Southworth et al., 2013; 

Mokuria et al., 2017). This can be used to establish 

linkages between locally created chronology and 

historical climate data, and also to link it to spatial and 

temporal features of remotely-sensed vegetation 

dynamics. 

 

Despite its ability to quantify long-term variability in 

ecosystem productivity through the provision of an 

accurate and retrospective measure of tree growth, 

tree-ring study also has drawbacks. Its use involves 

intensive tasks starting from field works to collect 

wood samples up to the time-consuming laboratory 

works needed to crossdate and measure the samples. 

Besides, it is not applicable for non-ring forming tree 

species and has limited spatial domains (Bowman et 

al., 2013; Bunn et al., 2013). These drawbacks hinder 

its potential applicability for monitoring forest growth 

over large spatial scales. Thus, it is ideal to integrate 

tree-ring analysis and remotely-sensed vegetation 
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indices to collect information on long-term growth 

dynamics and responses to changing climate 

conditions (Bunn et al., 2013; Southworth et al., 2013; 

Gebrekirstos et al., 2014; Qu et al., 2015). This is 

useful in developing restoration and sustainable 

management options in dryland vegetation (Mokuria 

et al., 2017). 

 

The space-based vegetation indices, most importantly 

the Normalized Difference Vegetation Index (NDVI), 

have already been used as an ideal proxy for 

monitoring vegetation activity (Wang et al., 2004). It 

exhibits strong relationships with forest growth and 

can be used for estimating the Net Primary Production 

(NPP) (Wang et al., 2004; Bunn et al., 2013; Vicente-

Serrano et al., 2015; 2016). Therefore, studying the 

relations between NDVI and tree growth is vital for 

quantifying ecosystem primary productivity over large 

spatial and long temporal scales. Studies conducted 

mainly in the high latitude regions reported the 

existence of diverse relationships between NDVI and 

tree-growth metrics (e.g. ring width and maximum 

latewood density) across different regions and forest 

types (Wang et al., 2004; He and Shao, 2006; Bunn et 

al., 2013; Beck et al., 2011; 2013; Vicente-Serrano et 

al., 2016). However, little attempt has been made to 

explore the relationships and mechanisms between 

NDVI, tree-rings and climatic variables in the dry 

tropical regions (Shi et al., 2015). In the dry tropical 

regions, ecosystem production is highly determined by 

moisture availability unlike that of the high latitude 

regions. Therefore, similar associations are expected 

between NDVI and tree growth in the drier tropical 

bioregions. This study examined whether the space-

based vegetation productivity index (NDVI) correlates 

with the radial growth of the main tree species in the 

dry Afromontane forest remnants of northern Ethiopia. 

 

MATERIALS AND METHODS 

Study area: The study was conducted in Desa’a 

(13°40′ to 13°50′ N, 39°47′ E) and Hugumburda 

(12°38′ N, 39°32′ E) forests (Figure 1), the two major 

dry Afromontane forest remnants in northern Ethiopia. 

These forests are mainly located along the western 

escarpment of the Great Rift Valley facing the Afar 

depression (Aynekulu, 2011). The area falls in the 

semi-arid agro-ecological zone of Tigray region where 

the climate is influenced by topography and exposures 

to rain-bearing winds (Nyssen et al., 2005). The 

regional climate shows distinct seasonality in rainfall 

with a unimodal pattern. The mean annual rainfall was 

estimated at 532 mm in Desa’a (Abegaz 2005). and 

981 mm in Hugumburda (Aynekule, 2011). The main 

rainy season occurs from June to September, while the 

remaining extended periods are more or less dry 

(Figure 2). 

 
Fig 1: Location of the Study Area 

 

 
Fig 2: Mean Monthly Rainfall and Mean Monthly Temperature 

(Maximum and Minimum) Records (1980-2016) of the Study 

Areas, (a) Hugumburda and (b) Desa’a, Northern Ethiopia. 

Large areas of the forests are characterized by shallow 

soils and frequent rock outcrops. The dominant soil 

types are Leptosols, Cambisols, Vertisols, Regosols, 

and Arenosols (Aynekulu, 2011). The study sites are 

generally characterized by rugged topography. These 

forests are broadly classified as dry Afromontane 

forests and are dominated by Juniperus procera and 

Olea europaea subsp. cuspidata.  

 

Tree-ring data: Tree-ring samples were collected from 

April to June 2017. Samples were taken from the 

dominant and co-occurring tree species of the dry 

Afromontane forest fragments in northern Ethiopia. 

Trees with no obvious injury or disease were carefully 

selected to minimize non-climatic influences (e.g. to 

minimize the effect of reaction wood and wounds on 

the ring-width patterns) on ring growth. Increment 

cores and/or stem discs were collected from a total of 

106 trees belonging to three species, Juniperus 
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procera, Olea europaea, and Podocarpus falcatus. For 

O. europaea subsp. cuspidata, only stem discs were 

collected due to its dense wood. In general, the number 

of stem discs was kept to a minimum to limit damage 

to the already threatened population of the tree species. 

For each tree, a cross-sectional wood disc was taken 

with a chainsaw and two increment core samples were 

collected per tree from opposite directions at breast 

height (about 1.3 m from the base of all trees) using an 

increment borer. The collected samples were carefully 

transported to, and open air-dried at the wood-science 

laboratory of Wondo Genet College of Forestry and 

Natural Resource, Ethiopia. After air-drying, the cores 

and stem discs were sanded and polished using 

progressively finer sanding papers (with a grit size of 

60 to 600) to improve the visibility of the growth-ring 

boundaries and anatomical features (Schongart et al., 

2006). Then, growth rings were first identified on stem 

discs following concentric features around the 

circumference. When all rings on a disc were detected, 

and ring numbers and characteristics matched along 

different radii, ring width was measured along 3-4 

radii of each stem disc. Similarly, for increment cores, 

rings were marked, visually compared between the 

two cores and then measured. All ring-widths were 

measured to the nearest 0.001 mm using LEICA MS 5 

microscope coupled with LINTABTM5 digital 

measuring stage associated to TSAP-dos software 

(Rinn, 2003). Ring measurements were performed 

along the predetermined radii in a straight line, and 

perpendicular to ring boundaries. The resulting 

growth-ring series were crossdated using standard 

dendrochronological protocols to ensure an accurate 

dating for each tree-ring (Cook et al., 1990). After all 

ring-width series were successfully crossdated, the 

quality of the crossdating was checked using a running 

correlation calculated under the program COFECHA 

(Holmes, 1983). A smoothing cubic spline (with 50% 

wavelength cut-off), in time-windows of 32 years, was 

fitted to the ring-series of each individual tree of all 

species (Grissino-Mayer, 2001). This procedure was 

employed to remove the long-term growth trends from 

the raw measurements and filter out low-frequency 

variation attributed to disturbances other than the 

common signal of interest. After fitting a cubic spline 

curve, residuals were calculated by dividing each raw 

value by the predicted value of the fitted spline. The 

residual tree-ring series were compared by calculating 

Pearson correlations in different segment lengths, 

ranging between 30 and 35 years. By doing so, it was 

possible to detect apparent dating and measurement 

errors that may occur due to missing or wedging rings, 

which caused a shift in the tree ring series (i.e., higher 

correlations of series’ segments at positions other than 

dated). Tree-ring series that showed low correlations 

than the critical threshold (at 99% confidence level) 

provided by COFECHA were re-examined, 

considering recommendations on potentially missing 

or double rings provided by the program. Samples that 

failed to get fixed through this procedure were 

excluded from the analysis as the aim was to maximize 

the common signal of the series used for building the 

site chronology. Descriptive statistics were used to 

summarize the main characteristics of the site 

chronology. Annual radial growth rates were 

calculated by averaging ring widths from those 

individual measurements in the different radii. Then, 

species-specific tree level chronologies were 

established for each study site. For this purpose, 

individual growth-ring series were detrended and 

standardized using the dendrochronology program 

library in R programming language (dplR) (Bunn, 

2008; 2010) to remove possible ontogenetic trends and 

low-frequency variation. The raw tree-ring series were 

standardized by fitting a cubic spline with the same 

stiffness as for the quality check (i.e., wavelength of 

32 years with 50% cut-off). Detrending was used to 

estimate and remove the tree’s natural biological 

growth trend. Standardization was done by dividing 

the original data by an estimated growth trend 

(estimated by the spline curve) to produce a 

dimensionless growth series (a stationary index series) 

free of autocorrelation caused by internal biological 

growth trends. Then, the standardized series were 

averaged to produce a single chronology per species in 

each study site. The final mean chronology of each 

species is a dimensionless ring-width index (RWI) 

(with mean equal to 1 and homogeneous variance). 

 

Spatial data: The NDVI, a normalized ratio of the 

near-infrared and red spectral reflections, has wide 

applications in studies related to vegetation dynamics. 

Analysis of NDVI data helps in understanding the 

temporal trend of vegetation’s biophysical features at 

different spatial scales. The Moderate Resolution 

Imaging Spectroradiometer (MODIS) NDVI datasets 

are widely used in vegetation trend analysis at 

different regional and local scales. The MODIS can 

provide moderate spatial and high temporal resolution 

data. The NDVI information from MODIS 250 m 

product has already been applied widely and has 

shown a significant relationship with vegetation 

properties (Piao et al., 2006; Hao et al., 2012), and it 

is an efficient indicator for vegetation photosynthesis 

dynamics (Seaquist et al., 2003). Thus, this study used 

NDVI data derived from MODIS13Q1 product from 

NASA (USGS) for the period 2000-2016, with a 

spatial resolution of 250 m and a temporal resolution 

of 16 days composites as a proxy for vegetation 

growth and change detection. The study considered 

homogenous forest patches where ring samples 
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(nearest pixel values) were taken into account for the 

analysis (Mokuria et al., 2017). 

 

The NDVI data acquired from the MODIS 16-days 

composite datasets were calculated by the amount of 

reflectance in near-infrared (ρ2: Band 2, 858 nm) and 

red (ρ1: Band 1, 645 nm) portions of the 

electromagnetic spectrum. These have a spatial 

resolution of IFOV 250 m. 

 
Then, NDVI values were corrected by a scale factor 

(0.0001). The NDVI time-series were aggregated to 

monthly, seasonal and annual averages to detect the 

NDVI trends in the given time period. These values 

measure the seasonal and temporal pattern of 

vegetation greenness, vigor, or productivity. The 

dynamics in NDVI is used to assess the intra- and 

inter-annual dynamics in vegetation growth (Erasmi et 

al., 2014; Qu et al., 2015). Thus, annual and season 

NDVIs were generated by computing averages of the 

respective monthly NDVI values. Studies elsewhere 

(e.g. Bunn et al., 2013; Coulthard et al., 2017) showed 

the existence of relations between vegetation NDVI 

and radial growth (tree-ring width) of trees, and the 

possibilities of retrieving past NDVI using tree-ring 

data, and thereby examine vegetation growth 

dynamics over time. Thus, it is ideal to integrate these 

two approaches to reveal vegetation dynamics. In this 

study, the mean NDVI values were calculated in 

ArcGIS 10.3 using zonal statistics. 

 

Data analysis: Pearson’s correlation test was used to 

compare each tree-ring chronology with the nearest 

grid point of NDVI values and climate variables in 

each study site. The minimum, maximum and mean 

NDVI values were used to examine the correlation of 

NDVI values with standardized tree-ring widths (an 

index used to measure tree growth) in various time 

intervals. First, the tree-ring chronologies were 

compared with NDVI and climate records estimated 

on each study site. Then, the seasonal NDVI values 

were compared with climate data to determine whether 

the linkages between tree-rings and NDVI are driven 

by climate. Besides, a multiple linear correlation 

analysis was also used to derive the relationships 

between tree-growth and NDVI in the presence of 

climatic variables (rainfall and temperature). The 

NDVI values and climatic variables were used as 

independent variables to explain the vegetation 

growth. The monthly climate and NDVI data used in 

the analysis were standardized, and all analyses in this 

study were performed using the maximum common 

periods in the datasets. The correlation NDVI and tree-

ring width index was analyzed during 2000-2016. R 

programming language software (mainly in R 

commander) was used for all the statistical data 

analyses. Results are statistically significant at p<0.05 

unless stated otherwise. 

 

RESULTS AND DISCUSSION 

Characteristics of the tree-ring chronologies: Results 

of the tree-ring analysis showing the radial growth 

rates of the sampled species in each site are presented 

in Table 1. Tree-ring width (TRW) varied 

considerably between sites, years and among the 

species. Samples from Hugumburda site showed 

higher radial growth rates than those in Desa’a site. In 

Hugumburda site, mean tree-ring widths of 2.3±0.54 

(mean ± SD), 2.0±0.36, and 2.5±0.58 mm were 

recorded for J. procera, O. europaea, and P. falcatus, 

respectively. The mean ring widths of J. procera and 

O. europaea from Desa’a site were 1.8±0.57 and 

1.6±0.20 mm, respectively. In agreement with this, 

previous studies also reported comparable annual 

radial growth rates for various tree species growing in 

tropical dry forests and woodlands. For instance, 

Gebrekirstos et al. (2008) reported annual radial 

growth rates ranging between 1.81 and 2.53 mm for 

three deciduous acacia species and a co-occurring 

evergreen Balanites aegyptiaca trees growing in the 

dryland area of the central Rift Valley of Ethiopia. 

Similar annual radial growth rates were also reported 

for various tree species from elsewhere; 2.5 mm for 

Boswellia neglecta from the woodlands in southern 

Ethiopia (Mokria et al., 2017), 1.5-2 mm for 

Pterocarpus angolensis from Miombo woodland of 

Zimbabwe (Stahle et al., 1999), and 1.05-1.88 mm for 

Brachystegia spiciformis from the Miombo woodland 

in south-central Africa (Trouet et al., 2010). The radial 

growth rates reported for J. procera from elsewhere 

also showed considerable variations, ranging between 

1.5 mm and 4.0 mm (Sass-Klaassen et al., 2008; Wils 

et al., 2009). Other studies reported lower values of 

mean annual radial growth rates; for instance, Tolera 

et al. (2013) reported annual radial growth rate of 1.15 

mm for Boswellia papyrifera from the north-western 

woodlands of Ethiopia. Such variations indicate the 

sensitivity of tree growth to differing growing 

conditions and species-specific traits (Gebrekirstos et 

al., 2006; Sass-Klaassen et al., 2008). The longest 

tree-chronology, spanning from 1888 to 2016, was 

observed for O. europaea from Desa’a site, followed 

by that of J. procera from the same site which covered 

from 1905 to 2016. In Hugumburda site, however, the 

chronologies were relatively short due to the 

difficulties encountered to access very old trees, 

particularly for O. europaea and P. falcatus trees. 

 

( )
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Table 1: Characteristics of the tree ring series of the study species in each site in the dry Afromontane forest remnants of northern Ethiopia. 

N: number of crossdated tree ring series, MDI: mean diameter increment (SD, standard deviations) for each sampled tree species 

Site Species Time span 

(years) 

Diameter 

range (cm) 

Average no of 

ring counts 

MDI (cm) 

[SD] 

N 

Hugumburda 

Juniperus procera 1949- 2016 12-42 43 0.47 (0.11) 33 

Olea europaea 1969- 2015 10-19 36 0.41 (0.07) 10 

Podocarpus falcatus 1963- 2016 11-39 35 0.49 (0.11) 18 

Desa’a 
Juniperus procera 1905- 2016 14-50 54 0.38 (0.11) 32 

Olea europaea 1888- 2016 16-35 76 0.32 (0.04) 13 

 

The tree-ring chronologies of all the sampled species showed high year-to-year variability and a common 

environmental signal as clearly indicated by the high values of mean sensitivity (0.43-0.63), standard deviation 

(0.59 – 0.66), series intercorrelation (0.51 – 0.57), and low values of average autocorrelation (0.04 – 0.20). These 

statistical attributes of the tree-ring chronologies, such as high inter-series correlations and high mean sensitivity 

values show that the established chronologies are sensitive to climate variability (He et al., 2013). The higher 

year-to-year variability, expressed as mean sensitivity and low values of autocorrelation, indicates strong 

responses to annually changing environmental conditions (Sass-Klaassen et al., 2008). This is indicative for the 

synchronous growth patterns among individual trees of a given species, and that the studied tree species respond 

to a common climate forcing. Besides, the EPS (Expressed Population Signal) value for the study species ranged 

between 0.87 (O. europaea) and 0.93 (J. procera), which is higher than the threshold value (EPS>0.85) as 

suggested by Wigley et al. (1984). This is indicative of the quality of crossdating among the tree-ring series, and 

thus there is a common environmental signal which drives tree growth in the region. 

 
Fig 1: Comparison between rainfall during the wet season and ring-width series (1980-2016), and between ring-width and NDVI (2000 – 

2016) from the two study sites, Hugumburda (a) and Desa’a (b), northern Ethiopia 
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Table 2: Correlation coefficients (Pearson’s r) between tree-ring indices and NDVI values for a dry Afromontane forest, northern Ethiopia 

Site Species Mean NDVI Max NDVI Min NDVI 

Hugumburda Juniperus procera 0.164 0.188 0.132 

Olea europaea 0.01 0.02 -0.0003 

Podocarpus falcatus 0.174 0.262 0.112 

Desa’a Juniperus procera 0.10 0.13 0.01 

Olea europaea 0.44 0.54* 0.44 

 

Relations between tree growth and NDVI values: The 

NDVI has been used as an ideal proxy for monitoring 

vegetation activity (Wang et al., 2004). Various 

studies revealed that NDVI exhibits strong 

relationships with forest growth and can be used for 

estimating the Net Primary Production (NPP) (Wang 

et al., 2004; Bunn et al., 2013; Vicente-Serrano et al., 

2015; 2016). Thus, it is generally expected to have a 

positive and statistically significant correlation 

between tree-growth and NDVI although diverse 

relationships may exist across different regions and 

forest types (Vicente-Serrano et al., 2016). Therefore, 

investigating the relations between NDVI and tree 

growth is vital for quantifying ecosystem primary 

productivity over large spatial and long temporal 

scales. Strong correlations between NDVI and tree 

growth were observed in both temperature-limited and 

drier bioregions in the high latitude sites, such as the 

boreal regions of Siberia and North America (e.g. 

Wang et al., 2004; Bunn et al., 2013). Thus, we 

expected similar relations in the dry tropics where 

ecosystem productivity is largely controlled by water 

availability. In this study, the relationship between 

forest growth and a remotely-sensed vegetation index 

(NDVI) was examined in the dry Afromontane forest 

remnants of northern Ethiopia for the periods 2000-

2016. The study used tree-ring data of three species 

(i.e., J. procera, O. europaea and P. falcatus) from the 

study region and correlated it with the NDVI values. 

The tree-ring width and NDVI series and their 

relations during the common periods (2000-2016) are 

shown in Figure 3 and Table 2. The correlation 

between radial growth and NDVI was positive for the 

study species in each study site (Table 2). As expected, 

the maximum NDVI values in both study sites were 

recorded during the main rainy season and correspond 

with the tree-ring series. Results of this study concurs 

with various previous studies elsewhere. For instance, 

a study from the central Great Plains region of North 

America reported a strong relationship between Oak 

tree-ring width and NDVI (Wang et al., 2004). 

Vicente-Serrano et al. (2016) also found an overall 

positive relationship between the inter-annual NDVI 

variability and annual tree growth in most of the 

studied forests at global scale although the same study 

also witnessed strong differences in the relations 

between tree growth and NDVI values. In the same 

vein, studies from Siberia (Kirdyanov et al., 2007; 

Bunn et al., 2013), the arid and semi-arid regions in 

China (He and Shao, 2006; Shi et al., 2015), the 

Cyprus, Eastern Mediterranean (Coulthard et al., 

2017), and the semi-arid woodlands in southern 

Ethiopia (Mokuria et al., 2017) also found positive 

associations between NDVI and tree growth with 

varying strengths of correlations. These studies and 

results of this study support the claim that tree growth 

as measured by tree-rings and canopy reflectance 

(NDVI) are broadly related. This, in turn, implies that 

NDVI can serve as an ideal predictor of annual tree 

productivity. Hence, tree growth (tree-rings) and 

NDVI can be integrated to examine vegetation 

dynamics over larger spatial and longer temporal 

scales. Even though various studies reported positive 

and significant relationship between radial growth and 

NDVI in different regions, this claim may not be 

consistent at the global scale. Diverse relationships 

may exist between forest growth and NDVI at the 

global scale (Vicente-Serrano et al., 2016). Some 

studies in the high latitude regions, such as the 

temperature-limited boreal forests of North America, 

have found no significant relationship between NDVI 

and tree-ring width (Beck et al., 2011; 2013). On the 

other hand, Beck et al. (2013) found a good 

association between maximum latewood density and 

NDVI across vast regions of Northern America. These 

results support the claim which states the existence of 

strong differences regarding the relations between tree 

growth and NDVI across different climatic zones and 

vegetation types. Given that results of this study 

showed agreement between the inter-annual NDVI 

variability and the tree-ring series, it can be inferred 

that the tree-rings in the study region and the space-

based vegetation indices can be integrated to 

determine ecosystem primary productivity, and 

quantify terrestrial carbon budget. However, there is 

still a need to undertake similar studies at various 

spatial and temporal scales before making inferences 

about forest carbon stocks and fluxes. 

 

Effect of climatic variables on tree growth and 

phenology: The study also analyzed the relationship 

between averaged NDVI values and the climatic 

variables (rainfall and temperature) for the common 

period spanning from 2000 to 2016. The correlation 

between rainfall and averaged NDVI values were 

positive in Hugumburda site, and it was positive and 

significant in Desa’a site (r = 0.51, p<0.05). However, 

the correlations with maximum and minimum 
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temperatures were negative and non-significant in 

both study sites. Results of the multiple correlation 

analysis (Table 3) depicted that an adequate amount of 

rainfall together with maximum temperature largely 

influences vegetation growth. Results of the climate-

growth analyses also showed positive and significant 

relationships when the tree-ring chronologies were 

compared with annual rainfall and rainfall at the main 

growing season (i.e ., June – September, JJAS) (Table 

4). Besides, relationships between tree growth and 

NDVI values were analyzed in the presence of specific 

climatic variable (temperature or rainfall) to identify 

the key driving factor. Table 5 shows results of the 

multiple linear correlation analysis. Relations that 

yielded the highest correlation coefficient (R) can be 

regarded as the most influential factors. Results of the 

multiple linear correlation analysis showed that 

rainfall contributes more than temperature in 

determining the dynamics of vegetation growth in the 

study region even though considerable variations were 

observed among the sampled species and between 

study sites. Overall, although the interactions between 

vegetation and climatic variables are more complex 

than expected, rainfall has a significant and positive 

influence on vegetation growth in the study region.  

 
Table 3: Results of multiple linear correlation analysis (R) showing the relationships between NDVI values and climatic variables in the 

dry Afromontane forest remnants of northern Ethiopia 

Site Climatic variables Annual NDVI Maximum NDVI Minimum NDVI 

Hugumburda 
Annual RF/ Tmax 0.396 0.373 0.379 

Annual RF/ Tmin 0.331 0.390 0.330 

Desa’a 
Annual RF/ Tmax 0.541 0.625 0.588 

Annual RF/ Tmin 0.315 0.647 0.641 

 

Table 4: Pearson correlation coefficients for the relations between the ring-width indices and total rainfall during distinct periods in a year 

with significant levels indicated (ns, non-significant; *, 0.01<p<0.05; **, 0.001<p<0.01; ***, p<0.001). 

Site Species 
Correlation (Pearson’s) coefficients  

Annual Wet season (JJAS) 

Hugumburda Juniperus procera 0.59*** 0.56*** 

Olea europaea 0.34* 0.43** 

Podocarpus falcatus 0.52*** 0.46** 

Desa’a Juniperus procera 0.22ns 0.36* 

Olea europaea 0.35* 0.29ns 

Table 5: Results of multiple linear correlation analysis (R) showing the relationships among NDVI values, climatic variables (rainfall and 

temperature) and tree-ring width of tree species from the dry Afromontane forest remnants of northern Ethiopia. 

Variables 
Desa’a site Hugumburda site 

Juniperus procera Olea europaea Juniperus procera Olea europaea Podocarpus falcatus 

Annual RF/ 

Annual NDVI 
0.08 0.675 0.503 0.062 0.604 

Tmax/ 

Annual NDVI 
0.297 0.521 0.165 0.264 0.236 

Tmin/ 

Annual NDVI 
0.067 0.445 0.178 0.052 0.187 

Wet season RF/ 

MaxNDVI 
0.198 0.617 0.545 0.149 0.548 

 

Unlike the high latitude regions where temperature is 

the primary factor determining vegetation growth, in 

the tropical regions, tree growth and hence overall 

vegetation dynamics is largely governed by moisture 

availability. Similarly, this study showed positive and 

significant (in most cases) relationship between 

rainfall and radial tree growth, as well as between 

rainfall and vegetation greenness. The coupling 

between NDVI and tree growth may be caused by the 

similar phenological processes of the main tree species 

and the entire dry Afromontane forest fragments in the 

study region. This interaction is particularly evident 

during the main growing season, suggesting that 

rainfall of the wet periods controls moisture 

availability and hence the cambial activity and 

phenological processes of the sampled tree species. 

This finding is in agreement with several other studies 

which reported that rainfall largely controls the 

cambial activities and phenology of various tree 

species growing in arid and semi-arid areas, including 

dry woodlands, savannas, and shrublands (He and 

Shao, 2006; Shi et al., 2015; Coulthard et al., 2017; 

Mokuria et al., 2017). This implies that moisture 

availability remains an overriding factor in 

determining the periodicity of cambial activities and 

phenological processes, and confirms that the amount 

and seasonality in rainfall largely control the changes 

in vegetation conditions in the study region. 

 

Conclusion: The study found positive and moderate 

correspondence between tree growth and NDVI. The 

local moisture variations largely affected the growth 

patterns of the foundation tree species and hence the 

overall vegetation dynamics in the region. In sum, the 
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study shows that tree-ring analysis and remotely-

sensed vegetation indices can be integrated to quantify 

landscape-level patterns of vegetation productivity. 

The study suggests the use of higher resolution remote 

sensing products and long-term tree ring records to 

better examine the relationships between tree growth 

and NDVI in different environmental and forest types 

across larger spatial and longer temporal scales.  
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