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Abstract—This paper presents the results obtained after 
applying different radiometric indices over sugarcane crops 
located in a Colombian Andean area, analyzing their possible 
correlation with ENSO phenomena. The study was performed 
over Landsat images acquired during a 28-year period. Given the 
change of sensor on-board Landsat satellites during the above 
mentioned period, preliminary radiometric transformations were 
applied to homogenize the data.Moreover, in order to reduce 
possible seasonal effects, only images acquired over the same 
period of the year were considered. Vegetation indices such as 
NDVI and PRI were applied, and the results were compared with 
the ONI index, allowing the identification of ENSO events, as 
well as the identification of patterns corresponding to damage 
caused by ENSO events. Detailed analysis over the decreased 
quality of vegetation, and therefore the soil, allowed us to 
confirm the validity of the proposed methodology. 
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I. INTRODUCTION 
As part of the ongoing process of monitoring the climate 

and its changes over time, it is necessary to identify those 
variables that somehow could allow us to understand the land 
cover behavior. Some of them concern on how the different 
land covers have been affected by rainfall deficit, floods, 
droughts and other variables such as precipitation, temperature 
or heat stroke. It is also possible to know the likelihood of such 
events happening again and through this, create a process of 
prevention for people living in possible risk areas. The 
problems of climate variability that have been occurring 
globally during the last years, have led many researchers to 
wonder which strategies can be developed in order to 
understand the changes that are occurring. At Global level, it 
has been shown that some of these variations are strongly 
related to El Niño Southern Oscillation (ENSO), in either of its 
two variants [1]. The presence of ENSO has left a mark in most 
of the agricultural areas of the countries and therefore we have 
thought that through the study of the crops, it could be possible 
to identify occurrences of these phenomena throughout history 
[1]. At the same time, it can be possible to determine the true 
involvement of ENSO on the quality of crops and consequently 
on the soil in which they are planted. 

This paper presents the results of a research carried on over 
an agricultural area located in the south-west area of Colombia, 

where a quite abundant presence of sugarcane crops is found. 
This area was selected based on the abundance of a 
homogenous crop and because there is a large amount of 
research being conducted in the measurement of the sugarcane 
quality [2]. The methodology followed in this research can be 
applied in the same way to any other kind of crops. Moreover, 
and despite the existence of several studies about the quality of 
different kind of crops [2], very few of them have been 
conducted in order to understand the impact of natural 
phenomena (i.e. ENSO), or the possibility to identify them. 

II. PROPOSED METHODOLOGY 
This paper studied the presence of the specific natural 

phenomena known as ENSO throughout the analysis of 
sugarcane crops in a long time series, as well as the possible 
influence of ENSO or other variable on the final crops quality 
by means of radiometric indices. In order to do this, the 
availability of satellite images acquired over the specific area 
of interest over a long period is required. Assuming the 
availability of the data, it is important to remember that in 
order to understand the behavior of vegetation, in general, 
some radiometric indices has been developed based on the 
physical information contained in the different bands of 
specific satellites. Being stricter, a radiometric index is defined 
from the relation that exist between the reflectance values at 
different wavelengths that are particularly sensible to 
vegetation coverages. Even though it is not possible to 
measure, in a direct way, the productivity or availability of 
certain vegetation, these indices are correlated with those 
variables, allowing the study of its quality or state [3]. With 
radiometric indices it is also possible to understand how a 
specific area of interest has changed over the time. 

One of the most well known indices, for the vegetation 
study, is the NDVI, which allows the identification of green 
vegetation, the characterization of its spatial distribution and 
the evolution of its state along the time. This index is quite 
sensible not only to vegetation variations, but also to seasonal 
changes. Therefore, it is important that the data used for 
extracting NDVI have been acquired always around the same 
season. The NDVI is defined as shown in equation 1, where ܴܫܰߩand ܦܧܴߩ refer to reflectance response in the Near Infra-
Red and Red bands respectively. The NDVIwas developed 
based on the radiometric behavior of vegetation. The 
vegetation in a good state has a spectral signature characterized 
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for big changes in the Red (R: 630-690nm) an
(NIR: 770-900nm) spectrum [3]. The resul
quantitative measure related to the state and
vegetation. Its values can vary from -1 to 
higher than 0.3 will correspond to vegetatio
higher the value, the higher the vegetation qua

ܫܸܦܰ  ൌ ܴܫܰߩ െ ܴܫܰߩܦܧܴߩ   ܦܧܴߩ

Yang et al [3], showed that NDVI has 
indicate the starting, ending, peak and durati
greenness, as well as the growing rate, the se
photosynthetic activity periodicity. Throughou
this data in a long period, it is possible to 
about the weather conditions and drought sea
is also a variable highly correlated wi
parameters associated to development and pr
plants [1], [3]. Therefore, it can contribute to 
crops such as sugarcane. In 1995, Rahman
NDVI scale (Table I), related to the sugarc
highly used when quality assessment studies 
carried on. For the purpose of this research tha
as a reference to measure the quality of suga
long time series.  

TABLE I.  NDVI SCALE PROPOSED BY RAHMAN FO

NDVI Value Vegetation Quܰܫܸܦ  0.20 Very low0.20 ൏ ܫܸܦܰ  0.25 Low 0.25 ൏ ܫܸܦܰ  0.30 Moderate0.30 ൏ ܫܸܦܰ  0.40 Good ܰܫܸܦ  0.40 Very good

 

Fig. 1. ONI index for the period 1980 to 2013 over the
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III. EXPERIMENTAL RESULT
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a mask that allows us to avoid errors due to 
from clouds and their shadows. Given the 
sensors and the goal of applying radiom
preliminary transformation of data from dig
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Fig. 2. Study area for the temporal analysis using Lan
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Fig. 4. Mean, maximum and minimum PRI
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IV. CONCLUSIONS 
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