
 
 
 
 
 
 

 

Deliverable 

6.2 A collection of maps on vegetation 

resistance and resilience to drought 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary: Natural ecosystems can play a key role in reducing the risk of droughts 

by providing a high value service. This deliverable presents the relation between the 

vegetation and drought conditions, assessed using vegetation indices and drought 

indices. The response of vegetation to drought presented spatial variability, although 

the reduction of vegetation activity during the drought events selected was 

generalized. 
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1. INTRODUCTION 

 

One of the central and innovative hypothesis of IMDROFLOOD project is that new hydro-climatic 

observational networks can be integrated with conventional observational networks and 

models, thus allowing for better spatio-temporal estimations of the severity of droughts, 

facilitating their management. Moreover, natural ecosystems can play a key role in reducing the 

risk of droughts by providing a high value service that has not been addressed and quantified so 

far. Thus, we aim to mitigate the harmful impacts of extreme events, implementing the concept 

of ecosystem services when possible. In order to achieve the referred goals several steps were 

proposed, namely 1) the assessment of the influence of vegetation communities and ecosystems 

on droughts, proposing land-cover and land-use scenarios to reduce drought impacts; 2) to 

determine the role of vegetation status on the severity of hydrological droughts; 3) to produce 

information for helping in planning for risk management at the catchment scale. 

This deliverable includes the main results obtained to achieve the above mentioned goals. 

2. Results 

2.1 Vegetation Indices 

2.1.1 Spain 

We have developed a Normalized Difference Vegetation Index (NDVI) dataset from July 1981 to 

June 2015 using the entire set of daily NOAA-AVHRR images in Spain. Details of this data set can 

be found in Martin-Hernandez et al. (2018). The temporal resolution of the dataset is 

semimonthly (two images per month) and the spatial resolution is 1.21 km2. In addition, we 

have used the climate dataset described by Vicente-Serrano et al. (2017), which was obtained 

at the same spatial resolution. The dataset comprises data of precipitation and reference 

evapotranspiration (ET0) at a weekly time scale (three per month). Climatic data was 

summarized at a semimonthly temporal scale from 1961 to 2015. Finally, this information was 

used to calculate the Standardized Precipitation Evapotranspiration Index (SPEI) (Vicente-



Serrano et al., 2010). These two sources of information were used to obtain maps with the 

sensitivity of the vegetation to drought in the entire Spain. Nevertheless, prior to the analysis 

we detrended both datasets and the NDVI was also transformed to standardized anomalies 

(sNDVI). The log-logistic distribution was used to standardize the NDVI data.   

We have calculated the correlation between the sNDVI and the SPEI for the whole Spain. Figure 

1 shows the spatial maps of the Pearson’s r correlations between the sNDVI and the SPEI at the 

time-scales of 1-, 3-, 6- and 12-months. The results are shown for the second semimonthly 

period of each month between April and July. These maps clearly show the different sensitivity 

of the vegetation activity to the drought time scales, stressing the need of considering different 

time scales to know the moisture cumulative period that mostly affect vegetation activity. In this 

case, it is evident that the 6-month time scales is more important to explain vegetation activity 

in large areas of Southwest Spain during the second half of April, but vegetation activity is more 

determined by the 12-month SPEI in the Ebro basin. In the 2nd period of May the 6-month and 

12-month SPEI seem to produce similar results but in June and July the 12-month outperforms 

the results obtained with the 6-month SPEI. 



 

Figure 1: Spatial distribution of the correlations between the sNDVI and the 1-, 3-, 6- and 12-
month SPEI in some representative semimonthly periods. 

 

It is really difficult from an ecophysiological point of view to determine a priori the time scale 

that controls vegetation activity for each vegetation community and environmental condition. 

For this reason, we have summarized the sensitivity of the vegetation coverage to drought 

calculating the maximum correlation between the sNDVI and the SPEI, independently of the 

time scale used. This is illustrated in Figure 2, which shows the maps of the sensitivity of the 

vegetation to drought. The maps show strong seasonality and important spatial differences. The 

main sensitivity of the vegetation activity to drought is recorded during the warm season (May 

to August), in which the highest correlations between the sNDVI and the SPEI are found. On the 

contrary, between September and April the sensitivity of vegetation to drought is lower 

although in some areas (e.g. the Southeast Mediterranean coastland) the sensitivity remains 

during all the year. 



Table 1 shows a summary with the percentage of Spain showing significant or non-significant 

correlations during the different semimonthly periods of the year. It illustrates how positive and 

significant correlations are dominant across the country but also how there is a relevant 

seasonal component since in the warm season the majority of the study domain shows positive 

and significant correlations.    

Table 1: Percentage of the Surface area showing positive and significant correlations between 
the sNDVi and the SPEI. 

 

 

Negative 

(p < 0.05) 

Negative 

(p > 0.05) 

Positive (p 

> 0.05) 

Positive (p 

< 0.05) 

1st Jan 0.3 9.8 41.3 48.6 

2nd Jan 0.4 8.7 40.2 50.7 

1st Feb 0.3 7.5 39.9 52.3 

2sd Feb 0.1 7.5 39.0 53.4 

1st Mar 0.2 8.9 41.6 49.4 

2sd Mar 0.2 11.3 38.2 50.3 

1st Apr 0.0 7.6 34.9 57.5 

2sd Apr 0.0 3.4 27.0 69.7 

1st May 0.0 1.6 19.0 79.4 

2sd May 0.0 0.9 14.2 84.9 

1st Jun 0.0 1.2 10.8 88.0 

2sd Jun 0.0 0.5 7.4 92.0 

1st Jul 0.0 0.3 5.3 94.4 

2sd Jul 0.0 0.1 4.5 95.4 

1st Aug 0.0 0.1 5.9 94.1 

2sd Aug 0.0 0.2 10.6 89.2 

1st Sep 0.0 0.6 14.0 85.4 

2sd Sep 0.0 0.4 16.9 82.6 

1st Oct 0.0 1.5 24.5 74.0 

2sd Oct 0.0 1.9 31.1 67.0 

1st Nov 0.0 4.5 35.6 59.8 

2sd Nov 0.0 4.8 41.8 53.4 

1st Dec 0.0 4.4 38.9 56.7 

2sd Dec 0.2 5.9 43.1 50.8 



 

Figure 2: Summary maps showing the sensitivity of the vegetation activity to droughts in Spain.



2.1.2 Iberian Peninsula within the Euro-Mediterranean region  

The vegetation health index (VHI) (Kogan, 2001, 1997) is a widely used drought index based on 

remote sensing information (Bhuiyan et al., 2006; Kogan et al., 2012; Quiring and Ganesh, 2010; 

Singh et al., 2003). It consists of a linear combination of two components, namely the Vegetation 

Condition Index (VCI) incorporating information on the visible (VIS) and near infrared (NIR) portions 

of the electromagnetic spectrum and the Thermal Condition Index (TCI) relying on the thermal 

infrared (TIR). 

The relative contribution of NDVI and land surface temperature (LST) when characterizing 

vegetation health over a Euro-Mediterranean region was assessed. To accomplish that, VHI and 

its two components (TCI and VCI) are correlated to SPEI at different time scales, in order to 

understand the response of vegetation to drought events over different biomes. VHI was 

chosen, as it allows the quantification of vegetation health under thermal conditions whereas 

SPEI was selected since it integrates the risen evaporative demand, as obtained through 

evapotranspiration. The relative contributions of NDVI and LST on vegetation health were then 

associated to the different aridity regions within the Euro-Mediterranean area. 

Data of NDVI were extracted from NASA/Goddard Space Flight Center’s Global Inventory 

Modelling and Mapping Studies (GIMMS) Group (Tucker et al., 2005), with an 8-km spatial- and 

a bi-monthly temporal- resolution. NDVI data were linearly interpolated to a 0.5 º spatial 

resolution. Then, a centered moving average, with a span of 3 bi-monthly values, was applied to 

remove high frequency noise. The NDVI trend associated with the greening or browning of the 

region (de Jong et al., 2013, 2011; Zhu et al., 2016) was also removed by applying a linear 

regression model to the time-series of each pixel. 

Information about land surface temperature was obtained from the LST database developed at 

the Princeton University (Coccia et al., 2015; Siemann et al., 2016). This high-resolution (0.5°), 

hourly, long-term (1979 – 2009), temporally and spatially consistent dataset relies on 

information from the High-resolution Infrared Radiation Sounder (HIRS) LST merged with NCEP’s 



CFSR reanalysed LST through a Bayesian postprocessing methodology (Siemann et al., 2016). 

Daily means of LST were computed from hourly data and then the maximum value of the 

fortnight was retained. High frequency and trend components were then removed by applying 

the same procedure that was used for NDVI. Climatological datasets of LST and NDVI were finally 

organised covering the period from 1982 until 2009. 

SPEI is used to characterise drought events in a context of risen evaporative demand, as it 

includes evapotranspiration. The impact of drought in vegetation health is evaluated using SPEI, 

through the assessment of the relative contribution of the remote sensing derived VCI and TCI. 

The data were extracted for time scales of 3, 6, 9 and 12 months, with a resolution of 0.5º. The 

dataset relies on temperature and precipitation from the Climate Research Unit (CRU) of the 

University of East Anglia TS3.21 database (Harris et al., 2014), covering the period between 1901 

and 2012. A climatological monthly dataset was finally organised spanning from 1982 to 2009. 

The present study will mainly focus on the correlations of VHI (as well as of its two components, 

VCI and TCI) with previous month SPEI (computed over several time scales). In order to avoid 

analysing a very large number of maps of spatial patterns, the following rationale was adopted: 

i) for each pixel, choose the month of maximum NDVI in the respective climatological annual 

cycle; ii) use SPEI at time-scales of 3, 6, 9 and 12 months; and iii) for each pixel select the time-

scale of SPEI that presents the maximum correlation with VHI. For selected maximum 

correlations that are statistically significant at the 5% significance level, correlations between 

VCI and SPEI and between TCI and SPEI were also computed. Finally, in order to estimate the 

relative contribution of VCI and TCI (at a pixel basis) the correlation between VHI and SPEI was 

maximised. 

Figure 3a shows the maximum significant correlations for the region, and Figure 3b depicts the 

SPEI time scale at which that correlation occurs. 

Most of the significant correlations are found in north Africa, southern Europe and the Balkans. 

It is also worth noticing that the non-significant correlation coefficients are in its majority located 



in regions defined by the humid class of the aridity index  with some notable exceptions, like 

northern Iberia, some pixels in southern France or the Alps and Pyrenees regions.  

 

Figure 3 – Spatial distribution of the Pearson’s linear correlation coefficient (a) between VHI of 
the maximum NDVI month and the SPEI time scale (b) for which the correlation is maximum. 
 

2.1.3 Romania 

The cropland and forest areas present on the Jijia sub-basin of the river Prut basin, on 

southeastern Romania, are shown on Figure 4. The LAI was computed for these land cover types 

for the period 2000-2017, and LAI anomalies were obtained, and are shown on Figure 5, for the 

month of July. 

Exceptionally dry years 2000, 2004, 2007, 2012 and 2015 show smallest values of LAI for both 

forest and crop land areas (Figure 5) in the Jijia sub-basin (Prut) located in Eastern Romania. 

Further investigations of drought impact on vegetation in the Prut basin will be developed based 

on the analysis of satellite vegetation index and the results of a hydrological model with a 

vegetation module (HEC). 



 

Figure 4: Forest and crop land areas from the Jijia sub-basin (Prut) selected for the analysis of 

drought impact on vegetation.    

 

Figure 5: Monthly LAI anomalies for forest (blue line) and crop land (red line) areas in the 

Jijia sub-basin (Prut) in Eastern Romania. The data are for the month of July.  
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The impacts of drought events on vegetation activity in the period 1998-2014 were also analysed 

for Romania, using the Standardized Precipitation Evaporation Index (SPEI) at several time 

scales, and the Normalized Difference Vegetation Index (NDVI). A correlation analysis between 

monthly NDVI and SPEI was performed, using the two-tailed Pearson correlation coefficient and 

a level of significance of 0.1. Both time series were detrended prior to the computation of the 

correlation in order to avoid potentially misleading interpretations of the results amplified by 

possible trends in the time series as a consequence of changes in drought severity, 

improvements in agricultural technologies and/or CO2 fertilization influences. SPEI time series 

was rescaled to match the NDVI resolution, using a bilinear interpolation.  

The drought episode of 2000/2001 was identified as the most severe in the study area in the 

period 1960-2013 (Spinoni et al., 2013; Ionita et al. 2016), and the impacts on vegetation of this 

episode were assessed. NDVI monthly anomalies were computed, after subtracting the NDVI 

value obtained for each month from the corresponding median. This methodology was applied 

on the drought months of 2000 only, since the drought months of 2001 coincide with the months 

of lowest vegetation activity (as shown on Figure6). Persistent negative NDVI anomalies are 

symptomatic of vegetation stress (e.g. Gouveia et al., 2009; Trigo et al., 2010; Barriopedro et al., 

2012), and considering the land cover types present in the study area (Fig. 6), the vegetation 

was identified as under stress conditions if NDVI anomalies were lower than -0.025. We 

computed and mapped the number of months showing NDVI anomalies lower than -0.025, from 

April to October 2000. The number of months with SPEI values below -0.84 was also computed 

and mapped for the same time period, with the purpose of assessing the spatial extent of the 

drought episode at various time scales and the overlapping of vegetation under stress conditions 

and the occurrence of drought conditions. 

The correlation between NDVI and SPEI for each month and time scale is shown on Figure 6. 

Negative correlations are more frequently found on the months of May and June, and are mostly 

located in the Carpathian Mountains, although there are positive correlations in these months  



 

Figure 6: Correlation between detrended NDVI and SPEI from April to October for the time 
scales of 1, 3, 6, months. The minimum significant correlation is ±0.43. 



as well. During summer months the significant correlations are mostly positive and occupy a 

larger area at SPEI time scales of 6 months. At shorter time scales, the study area shows no 

significant correlation on the area south of the Carpathian Mountains in June. Nevertheless, on 

July and August, this area is positively correlated with SPEI, whereas the Carpathians and the 

northern areas reveal less significant correlations. 

 

Figure 8: a) Persistence of NDVI anomalies below -0.025 and duration of the drought event, in 
months, as assessed by SPEI with the time scale b) 1, c) 3, and d) 6 months. 

The impacts on vegetation of the drought event of 2000/2001, during the months of April to 

October of 2000 are shown on Figure 8a. The northern region, as well as part of the Carpathian 

Mountains, were less affected by the drought since these areas present only 3 or less months of 

low NDVI anomalies. In the remaining areas, corresponding to roughly 70% of the total area, 

NDVI anomalies were lower than -0.025 for 4 or more months. Figure 8 (b), c) and d)) also shows 

that SPEI identified drought conditions on most of the territory, and the time scale of 6 months 

a)

 

b) 

 

c) 

 

d)

 

 

 



identify larger areas with longer periods of drought. In the Northern region SPEI identifies 

drought conditions for a shorter period, which coincides with the region showing less vegetation 

impacts. Nonetheless, SPEI identifies severe drought conditions in the Carpathians, which are 

not reflected by the NDVI anomalies, pointing to a lower vulnerability to drought of the 

vegetation present in the area. 

 

2.1.4 Estonia 

The NDVI time series were retrieved from the MODIS Terra V6 product, which currently covers 

the period February 2000 to January 2017 (16 full years). The time series used corresponds to 

MODIS 16-day (MOD13Q1) with a spatial resolution of 250m. Due to high cloud and ice/snow 

annual persistence over the region, only values corresponding to the higher quality flag were 

considered and monthly time series were built choosing the maximum value at each month. In 

order to exclude pixels that do not represent land, a water mask was built. The monthly water 

mask was used when the monthly NDVI time series was used. Only pixels representing 

vegetation were used in this study and so NDVI values lower than 0.1 were discarded. The NDVI 

median on each month was computed, as well as the standard deviation on each month and on 

each year. Due to the low number of pixels with median values in the winter months, only the 

months from March to October were used in the cluster analysis. The original MODIS data were 

available on a grid with a sinusoidal projection, but the results were reprojected and are shown 

with a latitude/longitude projection.   

The drought indices SPEI and SPI computed for the Tartu station were available for the period 

1951-2015 and time scales of 1, 3, 6, 12 and 18 months. The correlations between monthly NDVI 

and monthly SPEI and SPI were computed, on the common period, using a two-tailed Pearson 

correlation coefficient, and the minimum level of statistical significance considered was 0.1. The 

correlation was computed only if the time series had at least ten points available.  



The drought indices SPI and SPEI, computed for the Tartu station, are shown on Figure 9. The 

indices were originally computed for the period 1951-2015, but only the period 2000-2015 is 

shown. Both indices identify dry periods on the years 2003, 2006, 2011 and 2013, and a long 

wet period from 2007 to 2010. 

 
Figure 9: SPI and SPEI on the common period (2000-2015) and time scales of 1, 3, 6 12 and 18 
months. 

The correlations between monthly NDVI and monthly SPEI, computed for the common period, 

are shown on Figures 10 and 11. The number of pixels that present significant correlations is 

also shown, as well as the percentage of the total pixels. The differences between the 

correlations obtained with SPEI and SPI are small. The number of pixels with a significant 

correlation obtained with SPI is higher on the months of April and September, as well as on May 

at 6, 12 and 18 months. The number of pixels with a significant correlation obtained with SPEI is 

higher on June at 12 and 18 months. The significant correlations are mostly negative, although 

in June at lower time scales they are mostly positive. August and September also present large 

areas of significant positive correlations. 
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Figure 10: Significant correlation between detrended NDVI and detrended SPEI (p value is 0.10), for the months of March to October and SPEI time scales of 
1, 3, 6, 12 and 18 months. Positive (negative) correlations are shown in blue (red). The number of pixels presenting significant correlation is shown, as well as 
the percentage of the total. 
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Figure 11: Significant correlation between detrended NDVI and detrended SPI (p value is 0.10) , for the months of March to October and SPEI time scales of 
1, 3, 6, 12 and 18 months. Positive (negative) correlations are shown in blue (red). The number of pixels presenting significant correlation is shown, as well 
as the percentage of the total.



 

2.1.5 South Africa 

Data of NDVI (Myneni et al., 1995) were extracted from NASA/Goddard Space Flight Center’s 

Global Inventory Modelling and Mapping Studies (GIMMS) Group (Tucker et al., 2005). With an 

8-km spatial- and a bi-monthly temporal- resolution, the GIMMS NDVI dataset is the longest 

(starting in 1982) and most complete NDVI record available. 

For this area, preliminary results are shown, although the relation between vegetation and 

drought events is being further studied. 

For each pixel the month of maximum NDVI was estimated and the correlation between NDVI 

of that month and SPEI of the previous month (at time scales of 1 to 12 months) are computed, 

for the period 1982 – 2009. Then, on a pixel basis the time-scale with the maximum correlation 

is chosen. Deserts are masked, and results shown are for pixels with statistically significant 

correlation at a 5% significance level. 

 

Figure 12: Month of maximum NDVI. 

On the Southwestern area, the maximum NDVI occurs in August, whereas on the remaining 

regions the month of maximum NDVI ranges from January to April (Figure 12). The correlation 

between SPEI and NDVI is more often maximum at lower time scales, although on some areas it 



is reached at the longest time scale (Figure 13). The maximum correlation is generally higher 

than 0.7 (Figure 14). 

 

Figure 13: SPEI time scale at which occurs the maximum correlation. 

 

Figure 14: Maximum correlation 𝜌, between NDVI and SPEI, obtained for the SPEI time scale 
shown on Figure 17. 
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