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ABSTRACT

          This study aims to examine the relationship between temperature and precipitation as climatic factors and the vegetation characteristics in Forêt Classée de la Mondah (Gabon). A pixel based spatial analysis procedure with QGIS was used to extract vegetation characteristics from MODIS on Terra, NDVI band, data from February 2000 to December 2015, while temperature and precipitation were monitored from January 1980 to December 2015 to highlight climate fluctuations in the study area. Two regression analyses were conducted : one between temperature and NDVI and the other one between precipitation and NDVI. Results showed that temperature and precipitation did not vary significantly and the overall linear correlation between climate factors and NDVI was not significant. However, a close to medium correlation was found between temperature and NDVI during the long dry season. The authors are conducting a similar study in a broader scale (at country level), based on polygon as a spatial analysis procedure to extract MODIS data, in order to obtain further information about the relationship between climate and vegetation in this region and highlight the fact that vegetation may respond differently to climate effects depending on different micro climate.


1.          INTRODUCTION

          Climate change and its impacts on vegetation are a subject of special attention that is characterized by numerous publications on this topic. It results, among others, by a significant increase in global mean temperature, especially in higher latitudes, and by a change of rainfall regime causing heavy rainfall in some areas and dry and hot periods in others.

          A climatic variability implies modifications of its indicators throughout time.  Previous researches showed that major modifications of climate indicators occured in most of tropical regions. Climatic factors such as precipitation and temperature are directs and proximal factors influencing vegetation distribution. That is, either they have a known direct influence or they are considered to have a direct physiological influence on vegetation species, the most causal variables exhibit physiological responses (Hao et al., 2012 ; James et al., 2013). Previous studies have shown the influence of climate on forest ecosystem processes, among other factors, by the response of vegetation to climatic variables through the application of remote sensing, which proved to be a good tool for the description of vegetation dynamic (Okin et al, 2001).
          This study aims to examine the relationship between temperature and precipitation, as climatic variables, and the vegetation characteristics in Forêt Classée de la Mondah (FCM, in Gabon). For this purpose, temperature and precipitation were monitored from January 1980 to December 2015 in order to highlight climate fluctuations while vegetation characteristics of forest cover were extracted and analyzed from February 2000 to December 2015. Then, regression analysis was conducted so as to determine the correlation between the variables mentioned above.


2.          MATERIAL AND METHOD

2.1.       Study area

          FCM is a forest dedicated for scientific researches of the National College of Water and Forest of Gabon, under the administrative authority of National Agency of National Parks of Gabon. Gabon, located in the west central Africa, is a country covered 85% of tropical rainforest.  There are 4 seasons : two rainy seasons, long and short; and two dry seasons, long and short. The total annual precipitations are from 2000 mm to 3800 mm. Its climate is classified to the Equatorial of transition.

          FCM has an area of 102 km² and spans about 10 kilometers from 9°18' to 9°24' East longitude, and approximately 11 km from 0°37' to 0°29' North latitude. Figure 1 below shows the location in the country and administrative boundaries of the study area.

Figure 1 : Location of Forêt Classée de la Mondah (FCM).
          The map on the right side locate FCM in the country
          while the map on left side shows the limits of FCM















2.2.       Data source and preparation

          MODIS/Terra images were used in this study. A total of 191 MODIS/Terra monthly composite NDVI images (MOD13A3, NDVI) were downloaded from Land Processes Distributed Active Archive Center (LP DAAC). Mean temperatures and precipitations of the study area were acquired from National Oceanic and Atmospheric Administration (NOAA) and cover a period of 35 years, from 1980 to 2015. In order to remove seasonal changes in NDVI, temperature and precipitations time series, anomaly was calculated for every month.

2.3.       Selecting appropriate locations for extracting pixels

          In order to emphasize the photosynthetic activity and exclude the potential effects of anthropogenic activities during the regression analysis process, a pixel based spatial analysis procedure with QGIS was used so that any NDVI value less than 0.156 over the whole time series was excluded from the analysis. These excluded NDVI values were representative of bare soil (Mollalo et al., 2007).
2.4.       Regression analysis between climate variables and NDVI

          In order to account for the overall fluctuations of climate in the study area, an analysis of the trend of monthly mean temperature and precipitation anomalies was performed from 1980 to 2015. Then, temperature and precipitation time series were matched with NDVI time series in order to conduct the regression analysis from February 2000 to December 2015. Then, two regression analyses were conducted. One between temperature and NDVI and the other one between precipitation and NDVI.


3.          RESULTS

3.1.       Fluctuations of climate variables over 35 years

[bookmark: _GoBack]          The general trend of temperature and precipitation anomalies did not vary significantly, the coefficient of variation being near normal conditions for both precipitation and temperature. Nevertheless, the trend line showed (Figure 2A) a slightly increase of temperature and precipitation. The periods from early 1980s to middle of 1990s and from late 2008 to 2013 represent deficit years in temperature while over-years are from 1996 to 2008. On the other hand, over-years in precipitation were observed (Figure 2B) for 1980-1988 and 2008-2015 while deficit in precipitation occurred at the period 1988-2008. So then, the climate conditions fluctuated around three different periods : cool and wet, hot and dry and hot and wet.
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        Figure 2 : Trend of temperature (A) and precipitation (B) anomalies for 35 years













3.2.       NDVI trend in relation to climatic variables

          A set of seven sample stations was used to study the fluctuation of vegetation index across the whole MODIS time series from February 2000 to December 2015. This NDVI together with temperature and precipitation have been reported on Figure 3. They all are near normal conditions even though the period from 2000 to late 2009 was dry and hot period, while late 2012 to 2015 was wet and hot period; NDVI tends to be slightly above normal conditions during the wet and hot period and under normal conditions in wet and hot period.

          The regression analysis applied showed that the overall correlation between monthly NDVI and either temperature or precipitation was non-significant. A close to medium positive linear correlation between NDVI and temperature (Coefficient of correlation of 0.47) was found during the long dry season. Yet, only 22% of variation in NDVI can be explained by variation in temperature (R2 = 0.22). A weaker correlation was observed between NDVI and precipitation for the same season (Coefficient of correlation equals to 0.23).
Figure 3 : Time series plot of NDVI (Thick line), precipitation (Thick barres) and
                  temperature (Doted line)
















4.          DISCUSSION AND CONCLUSION

          The system of climatic variables reveals generally stable weather conditions over 35 years. However, the trend analysis revealed a slightly increase of precipitation and temperature even though they are stable, oscillating around normal conditions. The observations of NDVI trend report a similar trend in the vegetation pattern as temperature for the period 2000-2015.

The lack of strong correlation between climate variables and NDVI can be explained by the remoteness of the study area to the nearest weather station which may weakly reflect remote local weather conditions. As a matter of fact, the proximity of the study area to the ocean is likely to involve other climate conditions influencing the local ecological processes. The authors are conducting a similar study in a broader scale (at country level), based on polygon as a spatial analysis procedure to extract MODIS data, in order to obtain further information about the relationship between climate and vegetation in this region and highlight the fact that vegetation may respond differently to climate effects depending on different micro climate.
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