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Abstract 

 

The main objective of the study is to generate estimated forecasts of the weather 

based on the analysis of the data provided by: stations installed around the 

Pamplonita river basin; global analyzes generated by the NOOA, SENAMI, 

EARTHWIND and GOES of the NASA; and the results of the WRF prediction 

model taken from the Institute of Hydrology, Meteorology and Environmental 

Studies (IDEAM), providing a daily meteorological bulletin. As results, more than 

180 forecasts of the weather have been generated with an effectiveness of 80% of 

occurrence, indicating a good analysis of the numerical model WRF and the 

interpretation of satellite images. In general, in the forecasts of the weather, real-

time monitoring has reached the sectors of agricultural production, livestock and 

the community in general, which are in charge of acting, mitigating, preventing and 

dealing with extreme weather events, in order to make sound decisions in each of 

its areas. 

 

Keywords: Climate Change, Satellite Images, Meteorology, Monitoring 

 

Introduction 
 

Within the multiplicity of actions related to disaster risk management, the Early 

Warning System (SATC), is one of the main elements that contribute effectively to  
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avoid the loss of lives and decrease the economic and material impact on vulnerable 

populations affected by destructive events. The effectiveness of these systems is 

based on the knowledge of the existence of risks in the active participation of 

communities, in an institutional commitment that involves education as an 

indispensable factor to generate citizen awareness and the efficient dissemination 

of alerts, in addition to guarantee constant preparation [1]. 

The development of such systems began in 1960, when the United Nations (UN) 

began to adopt measures in this regard. However, it was in 1970, with resolution 

2717 of this body, that they need to develop them was formally raised. 

Subsequently, in 1989, and in order to reduce the damage caused by catastrophic 

events, it became important to understand that early warning systems will only be 

efficient when there is free access to meteorological information, and this requires 

political commitment and greater institutional capacity [2]. 

Estimating the behavior of atmospheric conditions in the face of extreme climatic 

events such as floods, droughts and forest fires are essential to be able to predict 

climate behavior and decision making in the event of disasters. In the Department 

of Norte de Santander, complex physical conditions are combined with high 

vulnerability to the occurrence of natural disasters, mostly induced by extreme 

climatic events, associated with climate variability phenomena such as El Niño and 

La Niña [3]. 

The results of numerical weather prediction models are also used to evaluate the 

state of the atmosphere and what will happen. All this information is combined with 

the analysis of satellite images, being the meteorological knowledge of the area the 

main prediction tool. In these moments, these forecasts are made at large scales, 

which means that the information is not true using mathematical and qualitative 

techniques. 

 

Materials and Methods 
 

In Figure 1, you can see the steps to follow for the estimation of atmospheric 

weather forecasts. 

 

 
 

Figure 1. Methodology 

 

Figure 2 presents the platform of the early warning system, where the 

meteorological data are obtained in real time from the different municipalities 

present around the basin. The figures inside the image, represented by drops, are 
the meteorological stations installed in the basins of the Pamplonita and Zulia rivers. 
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The color of the drop reflects the state of the station in real time: green, means that 

the station is active without any regularity; blue: It means that it was raining at that 

time in the municipality; and white: It means that the station is not online. 

 

 
 

Figure 2. Platform for Early Warning System for Climatological Events (SATC) 

 

Network of meteorological stations of the SATC 

The network of meteorological stations is located in the municipalities that belong 

to the basins of the Zulia and Pamplonita rivers, namely: Pamplona, Herrán, 

Ragonvalia, Chinacota, Salazar, Bochalema, Durania, Arboledas, Los Patíos, El 

Zulia and Puerto Santander. These stations work through specific sensors for each 

meteorological parameter, which are: Temperature, Pressure, Spray Point, 

Humidity, Direction and Wind Speed, Solar Radiation, Precipitation. These sensors 

generate time series of each parameter, also presenting the data in real time. 

 

Network of hydrological stations of the SATC 

The network of hydrological stations of the SATC, is composed of a system of 

ultrasonic sensors installed in the Peralonso, La Plata, Cucutilla and Pamplonita 

rivers, supported by batteries powered by solar panels. These ones, send directly to 

the platform the data obtained level and flow of the rivers, in real time every 10 

minutes. 

 

Analysis of Satellite Images 

In Figure 3, the interactive local images of NASA's GOES geostationary time 

satellite are analyzed. It can be observed by means of spectral and infrared image 

the type of cloud and its altitude: 

 

- Spectrum with dark tonality: it presents a tendency to low density cloudiness 

- Spectrum varies in lighter shades in the spectrum: low altitude clouds 
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- A spectrum with peaks of white tones: clouds with high altitude, indicating 

water during transit from gaseous state to a liquid, thus presenting a 

possibility of precipitation. 

 

 
 

Figure 3. GOES Satellite, Infrared. 

 

On the other hand, it is possible to analyze the variation and direction that are 

present in the whole planet of the winds, where one can observe the speed and the 

sense they present, the movement of the maritime currents with respect to the 

continents [4], the influence of the line of the equator on them and mainly to monitor 

them, taking us to know the movement that had and that will have the different 

types of clouds around Colombia and North of Santander (Figure 4). 

 

 
 

Figure 4. Letter of current, wind, surface and level of the terrestrial globe 

 

In Figure 5, variations in pressure are observed, which is a fundamental parameter  
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whose influence affects the behavior of the others. Likewise, the presence of the 

inter-tropical confluence line (ITCZ) is observed, which is a constant low pressure 

strip in the area of the equator, which is formed due to the confluence of air currents 

entering the equator. the tropics from the northern and southern hemispheres; when 

the ITCZ is located somewhere, whether it is low, medium or high in the basins, 

the generation of rainfall is expected. 

 

 
 

Figure 5. Letter of Pressures 

 

Analysis of the numerical model WRF 

Figure 6 [5], exposes the rainfall predictions generated by the Weather Research 

and Forecasting (WRF) model [6]. The above is a new generation mesoscale 

numerical prediction system, designed to serve operational forecasts and needs for 

the study of the atmosphere [7]. The model solves in a regional scale the primitive 

dynamic equations, considering the conservation of scalar and mass flows from 

initial and contour conditions obtained from global circulation models. To perform 

the modeling, the WRF has dynamic structures and conjugation of physical 

parameters represented in different processes, allowing it to be applied at different 

scales ranging from tens of thousands of kilometers. The model can generate 

atmospheric simulations using real data (observations, analysis) or idealized 

conditions, making operative predictions of a flexible and computationally efficient 

platform, while providing the latest advances in physics, the digits and the 

assimilation of data provided by the developers through the very broad research 

community [8]. The IDEAM, provides the analysis data generated by the WRF 

model through its virtual platform, presenting results of its predictions in the 

simulations WRF 00z, WRF 06z, WRF 12z and WRF 18z, of which its scale is 

presented in a grid of 21x21 km. This model is analyzed in each of its hours with 

respect to the prediction of the precipitation variable and thus the last considerations 

for the prediction of the state of the atmosphere are obtained. 
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Figure 6. Model WRF rainfall prediction 

 

Generation of the meteorological bulletin 

The forecast is generated in three sections: 

1) The minimum, average and maximum temperature conditions for each 

municipality are shown, as well as the amount of rainfall presented the 

previous day, this is mainly to be able to analyze the effectiveness of the 

forecasts and have a database with the conditions presented the previous 

days. 

2) In the second phase, the flow and average level data of the previous day are 

shown, which are compared with the established minimum and maximum 

level ranges (Table 1), if the level of the river stays within this range, no 

warning is presented, if the level of the river rises or falls to reach below or 

above the levels, an alert is generated either before the flood or before the 

drought. 

 

Table 1. Levels of the Peralonso, Cucutilla and La Plata rivers. 

 
STATION Peralonso Cucutilla La Plata 

Min. level 0.452 m 0.3848 m 0.711 m 

Max. level 1.861 m 1.799 m 1.213 m 

 

3) Finally, the forecast conditions for the day that may occur in the basin are 

presented. The basin is divided into three parts: HIGH part, where a 

microclimate occurs mainly with low temperatures and moderate-high 

rainfall; part MEDIA; where a microclimate occurs mainly with moderate 

temperatures and moderate rainfall; and part LOW (where a microclimate 

occurs mainly with high temperatures and low rainfall). In the same way, 

the prediction was divided in the morning, afternoon and evening. 
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Results 
 

186 forecasts of the weather have been generated with an effectiveness of 81.72% 

of occurrence (Figure 7). For the determination of effectiveness, the amount of 

precipitation presented was compared with respect to a previously established 

percentage of probability (Table 2). This effectiveness is mainly due to a good 

analysis of satellite images, the use of the WRF model and the interpretation of time 

series [9], given by the parameters precipitation, dew point, wind speed and 

direction, pressure and temperature emitted by the meteorological stations of the 

SATC. 

 

Figure 7. Effectiveness Realized Forecasts 

 
 

Table 2. Conditions for measuring effectiveness 

 
Rainy Probability 

Percentage 
0-5% 5-20% 20-50% 50-70% 70-99% 

Experimental 

Probabilities 

Very low 

rainfall 

probabilities 

Low rainfall 

probabilities 

Average 

rainfall 

probabilities 

High rainfall 

probabilities 

Very high 

rainfall 

probabilities 

 

In Figure 8, the forecast for the Cucutilla, Peralonso and La Plata rivers can be 

observed. The system presented an orange alert in the channel of the Cucutilla river 

by the low level of the river, which was made public in the bulletins 98, 100, 101 

and 102 belonging to the days 14, 16, 17 and 18 of February of the year 2015 

respectively, notifying the community of the event that was happening on the 

Cucutilla River (in real time and in a timely manner). 

 

Figure 8. Flow rates Rio Peralonso, Cucutilla and La Plata. Forecast 98 
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During the passage of the phenomenon of the child in the year of 2015 and 2016 

(Figure 9), the municipalities of the department and the water sources that supply it 

were monitored, being able to carry out an analysis of the effect of the child in the 

department, where the low levels of the rivers (without reaching historical low 

levels) registering and predicting the rainy community in a timely manner, since 

they were very scarce in this period of time in which intermittent rains ranged 

between 1 and 15 mm. 

 

Figure 9. Meteorological Bulletin with weather forecast 

 

 
 

Conclusions 
 

With the constant monitoring of different meteorological parameters, it was 

possible to observe the climatic variability present in the department, since the 

upper, middle and lower part of the basin show totally different behaviors. The 

highest amount of precipitation occurs in the upper and middle part, this means that 

the greatest risks in extreme events occur in the lower part, because in the sectors 

of the lower part of the basin are reflected increases in the flow of rivers and 

anomalies. The publication of weather forecasts and real-time monitoring have been 

implemented in the agricultural, livestock and community sectors of the 

department, generating a level of credibility and progress in disaster prevention in 

the department. Due to the effectiveness of the estimates, the study is suitable for 

replication in other departments, in order to prepare them for extreme weather 

events and monitor in real time the different meteorological variables present in 

other types of microclimates. 
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