Natalia I Vargas-Cuentas 
email: natalia.i.vargascuentas@ieee.org
  
Avid Roman-Gonzalez 
email: roman-gonzalez@ieee.org
  
Luis Anthonyaucapuma Muñoz 
  
  
  
  
  
USE OF SATELLITE IMAGES FOR DROUGHTS STUDYING: THE BOLIVIAN CASE

Bolivia is a country with a high risk of suffering a wide variety of natural disasters, such as forest fires, droughts, floods, earthquakes, and landslides; which may cause life losses, health impacts, property damage, and services, social and economic disruption in the country.

The consequences of a natural disaster usually hinder access to the disaster area to assess the current situation and make a correct decision. It is for this reason that satellite images are a valuable tool to have complete access to the area of the disaster because we can have a full coverage and a greater facility to assess the situation and mobilize the necessary help and assistance.

Due to climate change and human activities, droughts have been occurring in some regions of our planet, making access to water resources difficult for human consumption, animals and agricultural activities.

In 2016, for example, Bolivia experienced the greatest drought in the country for 25 years. There was a big problem with water supply in six of the nine principal cities of the country; the problem was due to several elements such as the long period without rains in the country. In addition, the relevant authorities not had work in a previous plan and could not contain the crisis.

Due to above reason, the present research work has the primary objective of use satellite imagery to generate and promote understanding of these types of natural disasters in the country, to clearly identify areas that are likely to suffer droughts, determine our vulnerabilities, and exposure the potential impact of future drought disasters.

We think that in this way we could reduce the risks and increase the attention to this type of disaster in the country, with better decisions based on satellite information.

I. INTRODUCTION

Climate change and natural phenomena such as 'El Niño' and 'La Niña' which have a global natural climate cycle and are changing the environmental characteristics in the country.

Changes in climatic conditions have a more pronounced effect on changes in ocean currents, sea level rise, floods, droughts, forest fires and the disappearance of ecosystems.

Drought is a climatological anomaly where the water flow is lower than usual in a given area. The lack of water flow is due to the lack of precipitation. During drought the water available in a certain area is below normal levels and the needs of humans, animals and plants cannot be met. [START_REF] Lloyd-Hughes | The impracticality of a universal drought definition[END_REF] There are different types of drought, meteorological, agricultural, hydrological and socioeconomic drought. [START_REF] Wilhite | Understanding the Drought Phenomenon: The Role of Definitions[END_REF] The impact of drought will vary from region to region, as the environmental conditions of one territory cannot be replicated in another territory. The World Meteorological Organization (WMO) has reported that while extreme weather variations have occurred in Mesoamerica and the Caribbean, on the other hand, droughts have occurred in the Southern Cone of America that have affected countries of the region such as: Venezuela, Colombia, Brazil and Bolivia, among others. [START_REF] Cepal | Millennium development goals: advances in environmentally sustainable development in Latin America and the Caribbean[END_REF] Figure 2: South America Drought map 2016 Source: AccuWeater

The greatest consequences of drought include reduced agricultural production, socioeconomic losses, and destabilization of food security, among others.

Years ago in order to identify the occurrence of a drought in a certain area it was necessary to use methods of visual interpretation.

Currently the use of satellite images allows us to obtain data from the earth surface without the need to be in direct contact with it. That's why satellite technology has become a great tool for various applications, because with this technological advance we can determine the environment in which the phenomenon of drought occur.

There are different indicators of the existence of drought, among them we can mention: physical indicators such as the index of precipitation, soil moisture and the existence of water bodies. On the other hand there are also agricultural indicators, such as vegetation indices, the existence of water in the vegetation and others. [START_REF] Bannari | A review of vegetation indices[END_REF] So far there are no mechanisms that can prevent the occurrence of droughts, but it is possible by means of the analysis of the climatic and meteorological parameters, to carry out monitoring and evaluations that allow to prepare plans of prevention of damages and of mitigation of the effects of the drought.

The present project seeks to extract environmental parameters from satellite images and to complement them with the metrorological parameters to be able to identify the main indicators of the existence of drought, so with this proof of concept to be able to realize in the future a system of monitoring and detection of droughts in the country.

II. DROUGHTS IN BOLIVIA

Since 2015 Bolivia has faced declared states of emergency due to the presence of droughts in some departments of the country.

In December 2015, 27 municipalities in the departments of Chuquisaca, Oruro and Cochabamba were declared in a state of emergency due to the drought. [OCHA 2015] In 2016, the situation did not improve at all, as by February 2016 the drought affected more municipalities in the regions of the Altiplano and the Bolivian Chaco.

By May 2016 the drought affected 104 municipalities in the western departments, among which the departments of Oruro and La Paz were most affected.

Finally, on November 21 Bolivia declared a state of national emergency, since the drought had generated a water shortage in large strips of the country and had affected 173 of the 339 municipalities of Bolivia, affecting an average of 133,000 Bolivian families.

[OCHA]

This last drought of the country lived at the end of 2016 is considered the worst drought in the country in four decades and the worst water shortage since 1980. Seven of the nine departments of the country were affected by the decrease of water level in several dams, which triggered the rationing of water in some cities and the cut of water supply in rural areas. From the two meteorological stations selected, data of the minimum, maximum and average temperature were obtained; in addition to the average precipitation data of the study area in the selected period of time.

B. Satellite Images

For this research project we use the satellite imagery from Landsat 8, which is an American terrestrial observation satellite launched on February 11, 2013. It is the eighth and most recent satellite of the Landsat project operated by NASA and the United States Geological Survey (USGS) since 1972.

The Landsat 8 satellite carries two instruments: Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). Of the total of 11 spectral bands, 9 bands are taken by the OLI instrument and 2 bands are taken by the TIRS instrument [START_REF] Roy | Landsat-8: Science and product vision for terrestrial global change research[END_REF], in the next table we can see the specifications: Table 3: Landsat 8 Satellite Sensor Specifications.

Source: USGS-NASA A level 1 scene consists of a radiometrically and geometrically corrected image with 13 files, where 11 files are in GeoTIFF and correspond to each of the 11 recorded bands, one metadata file (MTL) and one more file with a scene quality evaluation (QA).

For download the Landsat 8 images we must enter in the website of USGS (https://earthexplorer.usgs.gov/), for download the satellite images we do not need to use special software, as mentioned above is free and allows you to download the images that you want. Initially we look for our area of interest, in this case Carangas, Oruro, Bolivia:

We can filter the images by different criteria, mainly by year, month, percentage of cloudiness and others.

The selected study months are: January, February, November, and December 2016, due to the fact that on January and February the problem start, and on November and December were the most critical months. [START_REF]After Rwanda: the coordination of United Nations humanitarian assistance[END_REF] Figure 9: Making a shape of the study area.

Source: Own elaboration

As we can see in the previous image, it was decided to create a shape and crop the satellite image in order to obtain the data only from the area of interest.

Image preprocessing

Due to satellite instruments, different effects can occur that can affect the images acquired, which is why, in order to acquire valid information from our satellite images, different types of corrections must be made in the pre-processing stage, since we need correct the errors that our satellite image acquired when it was exposed to different interferences. Source: Own elaboration

The corrections that will be made in the present project will be explained in the following section.

C. Radiometric correction

This correction is the technique to reconstruct the physically calibrated values by correcting the spectral distortions caused by different reasons like: the instrumental effects due to the calibration, the seasonal changes, the type of terrain that influences the radiation, the sunlight that affects the radiometric values and the scattering effects of the atmosphere, among others.

The main purposes of the radiometric correction is to perform a sensor calibration for reduce the vignetting and the red-out effects and improve the sensitivity of the detector, also the calibration wants to reduce the sun angle and topographic effect for reduce the surface slope, finally wants to correct the phenomena caused for the absorption and scattering caused for the Earth's atmosphere.

For this reasons the radiometric correction is really important for this project as we will perform a quantitative image analysis and and we know that the improperly calibrated Landsat 8 images may lead us to a wrong conclusion.

D. Geometric correction

The geometric correction is the technique to reproject the radiometrically corrected image onto a common map projection. Also an important step is to georeferencing each pair of pixel in the image with a geographic coordinate of the map. Finally applying these two techniques we will achieve a geocoded product.

For this project we will need a totally geometrically corrected image, because for this application we required the absolute locations of the data extracted from the image.

E. Atmospheric correction

The atmospheric correction is the technique of evaluate and eliminate the atmospheric and terrain distortions that are introduced in the values of radiance that arrive at the sensor from the Earth's surface.

This with the main objective of recovering the physical parameters of the terrestrial surface including the reflectance of the surface, the visibility of the ground and the temperature. This correction is especially needed for the application of the present project, because it is necessary to compare and analyze images of different dates and taken in different conditions.

Image processing

In the image processing step we will need to extract environmental parameters that are relevant indicators of the triggering of the phenomenon of drought. For this we need to extract from the satellite images the next parameters: Source: Own elaboration

As we can observe we need to compute meteorological, hydrological and agricultural indicators, as the Relative Humidity, Normalized Difference Water Index (NDWI), Normalized Difference Soil Index (NDSI), Normalized Difference Vegetation Index (NDVI), among others. [START_REF] Zargar | A review of drought indices[END_REF] To calculate the parameters mentioned above, an algorithm has been programmed in MATLAB, the general block diagram of the algorithm was as shown in Figure 12.

The programmed algorithm will perform several tasks to finally calculate the parameters of interest, the algorithm first selects the bands of interest, then reads the metadata file from which it will extract certain constants, then perform the calculations with the programmed equations and finally show heat maps and graphics to be able to analyze the behaviour of the environmental parameters in the different areas of the image.
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 1 Figure 1: Types of drought. Source: Drought concept and space technology
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 3 Figure 3: Water reservoir in La Paz Source: Infobae 2016

Figure 4 :Figure 5 :

 45 Figure 4: Cut of water supply in La Paz Source: Infobae 2016On the other hand, as a consequence of the drought, there have been losses of many crops in rural areas of

Table 1 :

 1 List of priority attention municipalities. Source: National Program of United Nation Office for the Coordination of Humanitarian AffairsAs we can see in the list most municipalities with high priority of attention belong to the department of Oruro, so we will select the municipalities of Carangas and Corque in the department of Oruro as a study area.

Figure 6 :

 6 Figure 6: Map of provinces of Oruro, Bolivia Source: Military Geographic Institute Bolivia As we can see in the figure, the area selected by the shape in red is our area of interest, where we have two provinces of interest, these are: Carangas and Corque.

Figure 7 :

 7 Figure 7: General block diagram. Source: Own elaborationIn the previous diagram we can observe the sequence of ordered steps that will help us to achieve the objective of the present research project.

Figure 8 :

 8 Figure 8: Location of the weather stations in Carangas -Bolivia Source: National Service of Meteorology and Hydrology -SENAMHI In total there are two meteorological stations located in the provinces of Carangas (according to the SENAMHI website), Opoqueri and Corque SAT as we can observe in the next table:

Figure 10 :

 10 Figure 10: Preprocessing step block diagram. Source: Own elaboration

Figure 11 :

 11 Figure 11: Processing step block diagram. Source: Own elaboration

Source: Own elaboration As can be observed, the environmental parameters calculated from the image processing step and the meteorological data of the SENAMHI stations located in the study area were included.

After the creation of the database, a statistical analysis was performed. The results will be displayed in the next section.

V. ANALYSIS OF RESULTS

The obtained have been analysed by statistical tools using MATLAB. For this purpose one will obtain the correlation coefficient.

The variables included in the analysis are detailed in the following table: Index that represents the water stress of the vegetation Table 4: Definition of the measured variables. Source: Own elaboration

These variables have been calculated to investigate their effect within the droughts during the months of analysis. An important effect to which we gave greater presence is the variation of temperature, for this reason we analyzed the maximum and minimum temperature of the period.

In Figure 14, Figure 15, and Figure 16; one can see the relation between these variables: To analyse the correlation coefficient between all variables, one use the corrcoef command in MATLAB. In Table one can see the results of this analysis. 

VI. CONCLUSIONS AND RECOMMENDATIONS

• NDMI, NDSnI, and NDWIleaves shows a similar behaviour to the precipitations and to the minimum temperature. • With this project a proof of concept of the identification of the main indicators of the presence of drought was realized, in order to be able to establish mitigation measures and the planning of early warning actions in the near future.

• A future study will seek to realize a system of automatic detection of the presence of drought in certain area, we consider that this is important for a proper decision making to be able to mitigate the effects of this natural phenomenon. • In a future project it is important to use data from different satellite sensors, to greatly improve the accuracy of the data obtained.