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ABSTRACT

his paper proposes a numerical model of precipitation forecast for the city

of Managua, based on data obtained by the weather stations: Managua, La

Primavera and Casa Colorada (El Crucero), information provided by the Instituto
Nacional de Estudios Territoriales (INETER) from the period corresponding to 1950-2014 and
other climatic variables such as the Arctic Oscillation (AO), North Atlantic Oscillation (NAO),
South Oscillation Index (SOI), Anomaly Index of the Monthly Average of the Temperature of
the Surface of the Sea (SST) in the Tropical North Atlantic, region 5.5° N - 23.5° N and 57.5°
W - 15° W (TNA) and the Oceanic Index of the Nifio (ONI), through teleconnections. For the
elaboration of the model, the selection and correlation of variables were carried out through
statistical methods and to find the relationship between these variables a multilayer perceptron
was selected. This is an Artificial Neural Network in which architecture, in this case, is composed
of; an input layer, a hidden layer, and an output layer. This network has been trained through

supervised learning through the backpropagation algorithm.
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This network will be used to predict future weather conditions in the city, which will help
to make decisions about the management and planning of climate-sensitive activities to deal

with possible natural disasters.
1. INTRODUCTION

Some of the countries of the Central American region, such as Honduras and Nicaragua,
are among the main countries with high climate risk due to the occurrence of extreme weather
events, ranking third and fourth in the Global Climate Risk Index (IRC) (Harmeling, 2010) for
the period 1990-2009.

In many places according to physical geographical conditions and climate change, the
occurrence of rains is accompanied by catastrophic floods and human, economic and material
losses of all kinds, as well as large and incalculable damage to agricultural production, (Chourio,
2009). Managua has a geographical position that places it in a depression with 20 kilometers of
the coastal zone with Lake Xolotlan which makes it the most vulnerable area to floods throughout
the country, (G. Flores 2019). Due to the mountainous orography that the city presents with
significant levels of deforestation and persistent rains easily cause landslides and landslides on
hillsides, water pollution and the consequent sedimentation and degradation of agricultural

soils; and therefore socio-natural disasters of great impact, (SINAPRED 2010-2015).

Managua is the most populous city in Nicaragua, with more than one million inhabitants,
in the urban area is the majority of the population which represents 90 percent and in the rural

area where the least part of the population is, 10 percent, (www.inec.gob.ni/2003).

Each year during the rainy season it presents severe effects due to flooding in the urban

area, having as its main causes: (Municipal File, INIFOM. 2012),
+ Accelerated urban growth without planning criteria.
« Bodies of water and contaminated areas.
« Lack of responsibility and environmental and urban culture in the population.
+ Old and poor storm drainage system.
« Use of channels as garbage dumps.

In addition to all this, it can be added that Managua receives the water that descends
from the upper parts of the basin that drain inland through the system of drainage channels

that cross the city towards its mouth in the lake.

In Nicaragua, several climate prediction models are used on a global scale, (INETER

2016), this is why a predictive model is proposed that allows local monitoring of precipitation
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which generates accurate forecasts, allowing an agile response that minimizes the level of threat

to the department which vulnerability is great.

Objective
Correlate climatological variables for the generation of a precipitation forecast model

using RNAs, for the department of Managua in the context of environmental management.
2. MATERIAL AND METHOD
In carrying out this study three weather stations were used:

Main Managua Meteorological Station (HMP): It is located in the Department of
Managua in the municipality of Managua (next to this Managua International Airport). It is
located in the quadrant of Nindiri C2952 II. Code 069027, Latitude North 12°08’36 ”, West

Longitude 86°09'49”, elevation 56 meters above sea level.

La Primavera (PV) weather station: It is located in the department of Managua,
in the municipality of Managua. Code 069046, Latitude North 12 °01’08”, West Longitude

86°14’55”, elevation 600 meters above sea level.

Weather station Casa Colorada PV (El Crucero): It is located in the municipality of
El Crucero. Code 069047, Latitude North 11°58'54”, West Longitude 86°18’36”, elevation 910

meters above sea level.

All representative of the study area with the monthly information of the different

parameters for a period of 64 years (1950-2014).

Precipitation was defined as the local climatic variable of the time to be used and on a
global scale, temperature, atmospheric pressure, humidity, cloudiness, wind, contemplated in
oceanic indices through correlation, positive or negative between several indices atmospheric
data that provide data on: the Arctic Oscillation (AO), North Atlantic Oscillation (NAO),
Southern Oscillation Index (SOI), Anomaly Index of the monthly mean sea surface temperature
(SST) in the Tropical North Atlantic, region 5.5° N - 23.5° N and 57.5° W - 15° W (TNA) and
the Oceanic Index of the NINO (ONI), Southern Oscillation (ENSO), which allows linking the
changes of time that occur in regions separated by large distances from the globe with rain in
the study area using as a correlation framework the precipitation data applied to the variability

in time scales.

Then, we proceeded to verify if the atmospheric index and precipitation data are

adjustable through the analysis of probability functions until the best fit is obtained.

The correlation of the variables was carried out as a series of time which tendency given

by the general long-term movement of the information presents a non-linear trend selecting the
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exponential one from the non-linear trends since it is the one that best fits the distribution of
points and the one with the highest correlation coefficients. Once the correlation between the
variables was determined using the recorded data of the mentioned weather stations, forward

feeding with artificial neural networks was used for supervised learning.

The operation of the network consists of learning a predefined set of input-output pairs

using a two-phase propagation-adaptation cycle:

1. An input pattern is applied as a stimulus for the first layer of the neurons of the
network, then it is propagated through all the upper layers until an output is
generated and the result obtained in the output neurons is compared with the output

that it is desired to obtain and an error value is calculated for each output neuron.

2. These errors are transmitted backward, starting from the output layer, to all the
neurons of the intermediate layer that contribute directly to the output in that
way receiving the percentage of error approximated to the participation of the
intermediate neuron in the original output. This process is repeated, layer by layer,
until all the neurons in the network have received an error that describes their
contribution relative to the total error based on the value of the error received, the
connection weights of each neuron are readjusted so that the next time the same
pattern is presented, the output is closer to the desired one (decrease the error).
The steps are repeated until a minimum of the training error is reached for which m

learning cycles are performed.

Once the network has been trained, the same relationship (after training) can be applied
to new input vectors giving an active output if the new entry is similar to those presented during

learning. The neural network to be trained will be used to predict weather conditions in Managua.
Finally, mitigation measures are proposed that allow integrated management of the City.
3. RESULTS AND DISCUSSION

The correlation of each of the atmospheric indices AO, TNA, NAO, ONI and SOI with the
monthly average of precipitation in each one of the stations throughout the 64 years of which

data are available is presented below.
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Figure 1. AO Oscillation versus Airport, Primavera and Casa Colorado stations
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Figure 2. TNA Oscillation Graph versus Airport, Primavera and Casa Colorado stations
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NAO Oscillation Chart versus Airport
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Figure 3. NAO Oscillation Chart versus Airport, Primavera and Casa Colorado stations
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ONI Oscillation Chart versus Airport
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Figure 5. ONI Oscillation Chart versus Airport, Primavera and Casa Colorado stations

In the figures shown it is possible to observe that the time series presents a non-linear
trend, this curvilinear behavior, however, shows that the smaller the value of the atmospheric
index, the lower the rainfall and that as the value of this increases it also increases precipitation.

In figure 4 the distribution of points is random, so it is not possible to adjust the distribution.

The correlation of the variables was performed as a time series since there are periodically
recorded data on which trend is nonlinear. Among the non-linear trends that can occur in a series
of data are the polynomial, logarithmic, exponential and potential, among others, of these the
one that best fits the distribution of points is the exponential trend and the one with the highest

coefficients correlation presented which allowed to find the best-unbiased estimators.

The proposed forecast model based on specific characteristics for precipitation behavior
in the department of Managua considers the selection of the weather variables to be used; in
this case the precipitation data of three weather stations and the weather indices over a period
of 64 years, the correlation of the variables involved through time series and the normalization
of the maximum, average and minimum values of precipitation and of the climatological indices,

which become the output and input values respectively for the defined neural network.

A multilayer perceptron neuronal network is proposed that optimizes both the matrix

of weights and the number of hidden neurons. Its architecture is composed of an input layer,
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a hidden layer, and an output layer. The model starts from a neural network (2, 2, and 1) that
is identified with two neurons in the input layer, two in the hidden layer and one in the output
layer to optimize the weight matrix by the backpropagation algorithm and three variables that
identify the model. Weights are the coefficients that store the knowledge necessary to solve

specific problems, in this case, the predictions.

The city of Managua and the country, in general, can manage disaster risks more
effectively if aspects related to those risks are included in development plans at both the sector
and national levels and if climate change adaptation strategies are adopted by translating those
plans and strategies in measures aimed at vulnerable areas and groups. Among those that can

be mentioned:
+ Risk assessment, location of the potential threat and its degree of severity.
« Early warning systems.
« Communication between decision-makers and local citizens regarding risks.

+ Integrate water resources management and system planning and design into land-use

policies.
« The management and restoration of ecosystems.

« Improvements in public health surveillance, water supply, and sanitation, irrigation,

and drainage systems.
+ Development and application of construction standards.
+ Increased education and awareness regarding these issues.

« Watershed management, promoting, for example, good sustainable agroforestry

practices, soil conservation, and fire control measures.

+ Create an appropriate institutional framework, as well as the mechanisms to implement

vulnerability reduction measures.
« Adapt agriculture to protect against local climatic changes.
« Strengthen food security.
« Balance energy demands.

- Strengthen the gear between all the structures of the National System for Disaster

Prevention, Mitigation, and Attention and at all levels of the national territory.
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[t is necessary to mention that this is a first approach to the prediction model proposal;

or make modifications if necessary.
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