DYNA
ISSN: 0012-7353

DYNA ISSN: 2346-2183

T B T A AN kT, b B S

Universidad Nacional de Colombia

Lépez-Calatayud, Nereida Coromoto; Marquez-
Romance, Adriana Mercedes; Guevara-Pérez, Edilberto

Spatio-temporal prediction of water balance in the Urama river basin, Venezuela
DYNA, vol. 88, no. 217, 2021, April-June, pp. 58-67
Universidad Nacional de Colombia

DOI: https://doi.org/10.15446/dyna.v88n217.88222

Available in: https://www.redalyc.org/articulo.oa?id=49671281007

2 s
How to cite %f@&&‘yC.@ g
Complete issue Scientific Information System Redalyc
More information about this article Network of Scientific Journals from Latin America and the Caribbean, Spain and

Journal's webpage in redalyc.org Portugal

Project academic non-profit, developed under the open access initiative


https://www.redalyc.org/comocitar.oa?id=49671281007
https://www.redalyc.org/fasciculo.oa?id=496&numero=71281
https://www.redalyc.org/articulo.oa?id=49671281007
https://www.redalyc.org/revista.oa?id=496
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=496
https://www.redalyc.org/articulo.oa?id=49671281007

DYNA

UNIVERSIDAD

NACIONAL

DE COLOMBIA

DYNA

http://dyna.medellin.unal.edu.co/

Spatio-temporal prediction of water balance in the Urama river
basin, Venezuela

Nereida Coromoto Lopez-Calatayud, Adriana Mercedes Marquez-Romance & Edilberto Guevara-Pérez

Centro de Investigaciones Hidrologicas y Ambientales, Universidad de Carabobo, Venezuela. nereidalopezster@gmail.com,ammarquez@uc.edu.ve,
eguevara@uc.edu.ve

Received: June 11%, 2020. Received in revised form: January 6", 2021. Accepted: February 22th, 2021.

Abstract

A novelty spatial and temporal forecast method of water balance variables in Urama basin wetland, Venezuela is presented in this paper. The
methodology consists of two stages: 1. Compilation of the information, using meteorological data on precipitation (rainfall) and evaporation from
73 climate stations, Landsat images and a digital elevation model for the study basin. 2. Processing the information: a) modelling the spatial
statistical forecast; b) forecast model; and c) forecasting time series of water balance variables. The advantage of the method is to use available data
to forecast the water balance variables by means of statistical spatial prediction models, selecting those with a seasonal trend approximating the
observed values. Correlation and determination coefficients were greater than 0.99 indicating satisfactory predictions, so that the method, is
appropriate to reproduce the spatio-temporal profile of future periods to be used for planning sustainable management of wetlands.

Keywords: water balance; forecast; space-time; wetland.

Prediccidn espacio-temporal del balance hidrico en la cuenca del rio
Urama, Venezuela

Resumen

En este articulo se presenta un novedoso método de prediccion espacio-temporal de variables de balance hidrico en el humedal de la cuenca
del rio Urama, Venezuela. La metodologia consta de dos etapas: 1. Compilacion de informacion utilizando datos meteorologicos de
precipitacion y evaporacion de 73 estaciones climaticas; imagenes Landsat y modelo de elevacion digital para la cuenca en estudio. 2.
Procesamiento de informacion: a) modelizacion de prediccion estadistica espacial; b) modelo de pronéstico; y, ¢) prondstico de series
temporales de variables de balance hidrico. La ventaja del método estd en utilizar datos para pronosticar variables de balance hidrico
mediante modelos de prediccion estadistica espacial seleccionando aquellas con tendencias estacionales que se aproximan a las
observaciones. Se obtuvieron coeficientes de correlacion mayores que 0.99, indicando predicciones satisfactorias, por lo que el método, es
adecuado para reproducir el perfil espacio-temporal de periodos futuros para ser aplicados en gestion sostenible de humedales.

Palabras clave: balance hidrico; prondstico; espacio-temporal; humedal.

1. Introduction

The Urama River basin, and its main streams, Canoabo, Temerla
and Alpargaton, constitute a socioeconomic area of the central-
western coastal region of Venezuela, and an important water supply
source not only for Juan Jos¢ Mora (69,236 inhabitants) and Puerto
Cabello (182,493 inhabitants) municipalities [ 1], as well as for the oil
(refinery and petrochemical) and power generation industries in the
Carabobo state. In the middle part of the Urama basin, a reservoir

built in 1980 reduces the downstream flood risk; the lower section of
the basin is the alluvial plain that forms the natural Urama Wetland
which discharges in to the Caribbean Sea. Reservoir and wetland
improve the water quality and recreational activities and others that
benefit society.

Water yield is conditioned by hydrological variables;
additionally, it is essential for ecological evaluations and the
development of management plans [2], which contributes to
the delimitation of the natural wetland and definition of the
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use and management of planning units that are in projection.

Hydrological modifications, urbanization of
hydrographic basins and changes in the ecosystem uses have
been identified as the main causes of the transformation of
wetlands [3-4]. These factors varied for the Urama River
basin in the period 1986-2017 after the construction of the
reservoir, the average change in land use and land cover
(LULC) is 46.43% (vegetation 11.54%, agricultural between
5% and 14%, bare soil 5.83%, rural 4.02% and water bodies
0.15%) [5]. The agricultural activity has been carried out in
areas with drainage restrictions, planted grasslands, arecas
near the water source and the Urama wetland [5-6].

Evapotranspiration and precipitation (rainfall) are used to
monitor the dynamic of wetlands [7-8]. Due to their specificity
and diversity of environmental conditions, wetland areas are
often subjected to different forms of nature conservation. The
measures to preserve the original features of such areas require
a deeper knowledge of the principles of wetland environment
functions, with particular emphasis on water balance [9].

A useful research area in Venezuela has been developed
for the estimation of the water balance in different regions
with different approaches. These include the validation of the
water balance of the CERES-Maiz model in the zone of
Maracay, Aragua state, [10] likewise the climatic
characterization of the basins of the Yacambu and Tocuyo
Rivers in the Andean mountainous zone located in the south
of the Lara state, by using conventional mapping techniques
in the study area, [11]. Studies to characterize the Tirgua
River’s dynamics, Cojedes State, were carried out using the
mathematical model of exponential decline, [12].

In other studies, the climatic conditions and water
availability in the state of Apure are evaluated by drawing up
the climatological water balance, applying the Thornthwaite
and Mather’s methodology, [13]. In order to maximize the
efficiency of water use in crops in the semi-arid zone of Lara
State, a methodology was used to determine crop
evapotranspiration and the daily balance of humidity in the
soil, [14]; spatially analysed the water index in Carabobo,
Venezuela, which allowed the climate to be grouped
according to the degree of humidity, [15].

Geospatial data-based monitoring can contribute to
management plans to reduce deforestation and the
implementation of climate change mitigation policies, [16].
The effective use of remote sensing observations in
conjunction with process models provides operational
forecasts to improve water resource management, [17]. Using
observations from satellite sensors and output from global
land surface models, it is possible to study these little-
observed river basins, [18].

The need to resort to statistical tools for data analysis
makes new methodologies appear, such as geostatistical
methods [19]. The term geospatial is used to describe the
combination of spatial analysis methods and software with
geographic data sets and geographic information systems
(GIS), integrating hardware, software and data, linked to the
fusion of statistical analysis and database technology, [20].
This combination of geospatial and forecasting tools can be
useful for environmental management to collect, process, and
derive forecasts of future scenario information to help
improve decision-making in river basins and sensitive areas
such as wetlands.
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In this research area, a geoprocessing model was
developed to estimate the agricultural land use capacity of the
state of Aragua, Venezuela, by fitting a multi-nominal
logistic regression model, [21]. The analysis of the space-
time variability of precipitation from 1971 to 2000 in the state
of Guarico and its surroundings was carried out by means of
geostatistics and interpolation with the Kriging Method
Ordinary, generating distribution maps precipitation space,
[22]. For the state of Anzoategui, groups of climatic stations
with homogeneous precipitation were characterized through
the hierarchical grouping analysis and the Principal
Component Analysis (PCA) for the period 1970-2000, [23].

In the Centre for Hydrological and Environmental
Research of the University of Carabobo (Venezuela),
(CIHAM-UC) research has been carried out using
geostatistical and space-time prediction methods: a
geostatistical model is established to predict the magnitude
and location of the hydrometeorological variables involved
in the water balance, [24].

A hybrid method was proposed to generate a spatial-
temporal forecast model of the water balance variables using
the San Diego (Venezuela) aquifer, as a unit of study, [25].
Another variable influenced by the occurrence of extreme
hydrological events is land use and land cover change. A
hybrid model for forecasting changes in land use and land
cover using satellite techniques helps to reproduce the
spatial-temporal variation picked up by the reception of the
reflectance variable, [26-27].

In this research, the available quantitative and spatial
variables of the water balance (precipitation and evaporation) in
the Urama River basin are characterized with the aim to develop
a forecast methodology that combines geostatistical and spatial-
temporal prediction methods of the water balance. In this
process maps are generated for the statistical prediction of the
annual water balance based on the observed time series from
1986 to 2000 and 2015 to 2016. The result contributes
subsequently to the definition of the environmental management
plan to delimit the protection area and the management units of
the wetland area of the Urama River basin.

2. Study area

The study area is located the North Central Coast Region,
Urama, between Carabobo and Yaracuy states, Venezuela
(Fig. 1).

The Urama River basin arise from the contribution of
Temerla River, Canoabo River and Alpargaton River, in the
alluvial plain the Urama wetland takes place to discharge into
the Caribbean Sea. The area of the basin is 31,715 ha [5].
(Fig. 1.). The geographic coordinates correspond to 10 ° 11
'30 "and 10 ° 33 '30 "north latitude and 68 ° 10" 00" and 68 °
32'00 "west longitude.

Most of the basin relief is mountainous corresponding to
the La Costa mountain range, longitudinally dissected by a
narrow valley and a floodplain to the Caribbean Sea. The
altitude varies between 3 m.a.s.l. on the north coast, 50 to 135
m.a.s.l. on the slopes and 1,730 masl, in the southern
mountain ranges.
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Figure 1. Location map of the study area: Urama River basin, Carabobo,
Venezuela.
Source: The Authors

The climate is variable and highly dependent on altitude,
with rainfall ranging from 1,000 to 1,200 mm. In the low
areas the life zone is of the tropical dry forest type, in the
middle premontane dry forest and in the premontane humid
forest in the high areas. The vegetation associated with these
areas is generally deciduous, semi-deciduous and cloudy
forest, respectively. Most of the basin has been affected by
the introduction of citrus agricultural production systems and
extensive livestock farming, [2].

3. Methods

The procedure is based on those carried out for studies
made by the Center of Hydrological and Environmental
Research of the University of Carabobo, Venezuela, in the
basins of the San Diego and Pao Rivers, Carabobo state,
Venezuela, [24-27]. It consists of two stages: 1) Compilation
of information: a) Meteorology, b) Landsat satellite images
and c) Digital elevation model. 2) Processing information,
including: a) Modeling the spatial statistical prediction,
(calibration); b) Forecast model, (calibration and validation);
c) Forecasting time series of water balance variables, maps
of the water balance variables were obtained showing the
spatial-temporal distribution of future time series.

3.1 Stage 1: compilation of information

The collected data sets were represented by
meteorological information and satellite images. The
precipitation was acquired from a hydrometeorological
network located in five states (Apure, Aragua, Carabobo,
Cojedes, and Capital District) encompassing separate two
periods, which were selected for the calibration and
validation stages of water balance forecast model (Table 1,
Fig. 1). During period 1986-2000, the database was collected
by the Ministry of the Environment through a
hydrometeorological network that consisted of 73 automatic
stations, where weighing gages observed and recorded the
precipitation automatically, using a strip-chart data logger.

The gages observed and recorded the precipitation
automatically. Evaporation was measured, applying the
evaporimetric tub method, type A, [28]. For the period 2015-
2016, the National Institute of Meteorology and Hydrology
produced information through a network of 49 telemetering
automatic hydrometeorological observation stations, using
tipping bucket, raingages with UHF (Ultra High Frequency)
radio transmitters [29]. The criterion for the selection of the
two study periods was to employ the available
hydrometeorological data measured by a specific method for
the calibration (1986-2000) and validation (2015-2016)
stages.

The information of the ASTER digital elevation model
was obtained from the website identified as Earth Explorer of
the United States Geological Survey (USGS) at the following
link: https: // earthexplorer. usgs .gov /, and was used to
produce the water network of the Urama river basin shown in
Figure 1.

3.2 Stage 2: processing information
3.2.1 Modeling the spatial statistical prediction

Statistical parameters of precipitation and evaporation for
the water balance were estimated based on statistical spatial
prediction model (SSPM). The type of SSPM used was the
Kriging statistical model, [30]. Kriging is an Anglo-Saxon
expression that comes from the name of the South African
Geologist D. G. Krige, [30-31]. Kriging contains a set of
spatial prediction methods based on the minimization of the
mean square error of prediction [31-32]. In this research, the
Ordinary Kriging method was applied, the predictions were
based on the model (Eq.1):

Z(s)=u+e)2(s) =u+e(s)Z(s) =pu+£'(s)Z(s) = p+
£(s) M

Where p is the constant stationary function (global mean)
and €'(s) is the spatially correlated stochastic part of the
variation, [31]. The analysis of point data were carried out
based on the derivation and layout of the so-called
semivariances obtained by [31-33] for the differences
between the neighboring values (Eq.2):

y(h) =2 E [(2(s) — 25 + )] @
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Table 1.
Telemetric network of climate monitoring stations in the Urama River basin,
Carabobo State, Venezuela

- — -
Number Projected Coordinates Station Code Station
X Y Name
1 603454 1131314  CAO00406CP1 _ El Cambur
2 602348 1139560  CA00409CP1  La Entrada
3 612262 1149820  CA00411CP1  Borburata
4 613822 1154779  CA00412CC1 Had. El
Manglar
5 622892 1135723  CA00423CP1  Vigirima
6 618455 1152851  CA00430CP1  Santa Rita
7 616988 1138671  CA00451CP1  San Diego
8 608178 1131078  CA00461CP1 Valgf‘fla'
9 626026 1110365  CA00489CP1  Agua Blanca
10 608953 1138198  CA01309CP1 Barbula
Guataparo-
11 603183 1134833 CA01310CP1 Bl Coto
12 608490 1159760  CAO01328CC4  Pto Cabello
13 575331 1156723 CA01336CP1 Urama
14 587855 1157060  CA01340CP1 Moron
Dique
15 579080 1139132 CAOI370CP1  Canoabo
16 592724 1106863  CA01397CP1 Campo
Carabobo

*System of projected coordinates: Universal Transverse Mercator (UTM),
World Geodetic System 1984 (WGS84), UTM Zone: 19 N, available at:
http://estaciones.inameh.gob.ve/estaciones/estaciones_home.php.

Source: The Authors

Where z (si) is the value of the target variable at some
sampled location and z (si + h) is the value of the neighbor at
the distance si + h. For n observations of points,n (n-1) /2
pairs are produced for which a semivariance can be
calculated. An experimental variogram is adjusted using
linear, spherical, exponential, circular, Gaussian, Bessel,
power and similar models [25, 27].

3.2.2 Forecast model

The methods were developed based on the assumption
that time series zt follow a stochastic model in a known way,
[25]. According to [33], a seasonal ARIMA
(AutoRegressive, Integrated, Moving Average”), model is
formed by including seasonal terms in the ARIMA (p, d, q)
autoregressive integrated moving average model, defined as

(Eq.3):

¢p(B)(1 — B)dxt = 6q(B)et )

3.2.3 Parameterization of models

The computational tool used for the spatial prediction
models of annual precipitation was the geostatistical analysis
module of ArcGIS V.10.0®. With regard the forecasting
models, it was used the module of time series regression
models of MATLAB®.

3.2.4 Forecasting time series of water balance variables
With the results of validation of the hybrid method for

spatio-temporal forecast of variables of water balance in the
Urama wetland, a forecast of the SSPM coefficients of the
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semivariances of precipitation (P) and evaporation (E) were
made for future years 2020 and 2030. The forecasted
coefficients of the semivariances of precipitation (P) and
evaporation (E) were evaluated in the SSPM of
semivariances for each variable to produce the stochastic
component. The deterministic and stochastic components
were superimposed applying Eq. 1 to produce the predicted
spatial distribution in each variable, both P and E. The
spatially distributed predicted variables were related through
the algebraic expression to obtain the relationship maps (P-
E) for the water balance.

3.2.5 Validation of method for forecasting variables of water
balance

The raster maps of the forecasted variables are compared
with the raster maps of estimated variables from field
measurements corresponding for the years 2015 and 2016 to
evaluate the estimated and forecasted relationship, which
should be close to unity.

4. Results
4.1 Modeling the spatial statistical prediction
4.1.1 Precipitation

Annual precipitation (rainfall) for the period 1986-
2000 was spatially distributed at a high intensity in the
southern region, where the sources of the Rivers such as
Temerla, Canoabo and Alpargaton are located, which
contribute to the River basin Urama. In the northern region
of the basin, the flood plain is located forming the Urama
River wetland. For period 1986-2000: In the southern
region of the high intensity basin, the annual precipitation
varies between 1095.51 and 1636.99 mm / year; in middle
basin annual precipitation (rainfall) varies between 940,52
and 1276,55 mm/year, and in northern region of low
intensity, precipitation varies between 579.3 and 1075.6
mm / year.

The equation according to the statistical spatial prediction
model (SSPM) of the Ordinary Kriging of function J-Bessel
includes the following coefficients, (Eq.4).

a * Nugget + b = (] — Bessel (c,d)). “)

The coefficient "a" was associated with the non-spatial
correlation, value of the curve of the semivariogram for the
distance zero. The coefficient "b" was associated with the
term Cy + C,, which is the variation of the threshold, value
where the semivariance is stabilized called sill. The
coefficient "c" represented to the maximum distance between
the precipitation gages, the distance between the beginnings
of the semivariogram to the beginning of the sill, called the
range. The coefficient "d" represented to the parameter of the
J-Bessel function. As a sample, the result of the calibration
for the values of the coefficients a, b, ¢ and d varied as
follows: a between 0 and 56874, b between 55526 and
184610, ¢ between 20726 and 532230, d between 0.01 and
10, (Fig. 2).
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Figure 2. Time series of the parameters of semivariance models of the annual
precipitation in the period 1986-2000 in the Urama River basin, Carabobo
State represented by the J-Bessel function (Eq. 4).

Source: The Authors

4.1.2 Evaporation

Annual evaporation was spatially distributed by applying
Eq. 1 and Eq. 4 on the field measurements, in a high intensity in
the southern region with respect to the northern region of the
Urama River basin, during the period 1986-2000. In the southern
region, the annual evaporation varies between 1230.04 and
2651.2 mm / year. In middle basin annual evaporation varies
between 1031.70 and 2396.20 mm/year and in northern region,
evaporation varied between 899.47 and 2280.27 mm / year. The
values of the coefficients varied as follows: a between 0 and
273700, b between 275510 and 487280, ¢ between 64988 and
270180, d between 0.01 and 10.

4.1.3 Relationship of water balance variables

From the results of SSPM of the Ordinary Kriging by means
of the J-Bessel function, for the water balance variables
precipitation (P) and evaporation (E), based on time series 1986-
2000, maps of the relation (P-E) were obtained for the water
balance. As a sample, for the year 1991, a maximum value equal
to 108.8 mm / year and a minimum of -274.6 mm / year was
obtained, corresponding to the south and north region of the
Urama River basin, respectively (Fig. 3).

4.2 Forecast model
4.2.1 Precipitation forecast

For the forecast of the SSPM coefficients of the annual
precipitation semivariances based on the time series between
1986 and 2000, the tested models are indicated in Table 3: A)
ARIMA (autoregressive integrated moving average), B) Linear
trend, C) Exponential simple smoothing with constant alpha, D)
Linear exponential of Brown smoothed with constant alpha, E)
Exponential quadratic of Brown smoothed with constant alpha.

As a sample, the results found for the coefficient a are
shown in Table 2: A) ARIMA (1,0,0) with constant, B)
Linear trend =-2.97127E6 + 1505.1 t, C) Simple exponential
smoothing with alpha = 0.1155, D) Linear Exponential of
Brown smoothed with alpha = 0.0402 and E) Exponential
quadratic of Brown smoothed with alpha = 0.0226.
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WE 1986 (mm)

d A

WB 1987 {mm) WB 1988 (mm) WB 1939 (mm) WE 1990 (mm)

=757 - 907 -—_-1,045 - -808 1,045 . -808 =767 - -609 -_562 - -428
=908 - 1,030 =807 - -651 =807 - 651 =-605 - -488 =—=-427 - -364
1,031 - 1,130 =650 - -407 =650 - -407 =487 - -370 =-363 - -300
£31,131-1,222 =496 - -328 =1-496 - -328 E=-369 - -244 =299 - -235
1,223 -1,327 1327 - -88 1.327 --88 -243 - -97 1-234 - -145
WB 1991 (mm) WE 1992 (mm) WB 1993 (mm) WB 1994 (mm) WB 1995 (mm)
=275 - 163 =221 --104 --494 --364 -_744 . .524 -—-911 - -712
=-162--91 =-103--13 --363 --202 -—_523 - -329 =711 - -547
=90 - -26 =-12-71 ==-201--214 =.328 . 185 == -546 - -295
=.25.37 =172 - 150 #-213 --146 £1.184 - .25 1-394 - -264

38 -109 151-215 145 --64 | 1.24.148 -263 - -118
WB 1996 (mm)  WB 1997 (mm) WB 1998 (mm) WB 1998 (mm) WB 2000 (mm)
m=-1,120 - 704  =m-1,657--1556 -_1,622--1,462  ==-1,050 - -991 ==_1,399 ..1,290
-=_703 - -309 1,555 - 1,481 =_1461--1,374  ==._890--939 -—_1,289 - -1,229
=_398 - -178 =1,480 - 1,397 =.1,373-4,317  ==-838 - -895 =-1,228 - 1,147
=477 - 27 -1,396 - -1,308 =9.1,316 - -1,243 =1-894 - -831 =-1,146 - -1,011
28 - 222 4,307 - 1,181 £14,242-4,100 830 - -729 =-1,010 - -876

Figure 3. Spatial prediction of the annual water balance (mm / year) that
occurred in the Urama River basin, based on a time series between 1986 and
2000.

Source: The Authors

As a sample, the results for the coefficient a of each
model are (Table 3): Model A: 1) RMSE: 18631.5; 2) MAE:
14502 and 3) ME: 189. The model selected for the forecast
of the SSPM semivariances coefficients of annual
precipitation, was model D corresponding to Brown's linear
exp. smoothing with alpha (Table 4). The model D shows
95.0% of prediction limits for forecasts, where it is likely the
true value of the data at a selected future time is 95.0 %
confidence, which indicates that the adjusted model was
appropriate for the data.

The SSPM calibration of the annual precipitation
semivariances with the predicted coefficients for the years
2015 and 2016 according to the time series between 1986 and
2000; which was used in the validation stage, are shown in
Table 5, obtaining the correlation statistics between the
spatial prediction of annual precipitation and the measured
values of the precipitation map for 1991 and 1995,
respectively.

The wvalidation of the forecasts of the SSPM
corresponding to the annual precipitation observed for 2015
and 2016 and the estimated annual precipitation with the
predicted coefficients of the annual precipitation based on
the time series between 1986 and 2000, was developed by
applying the linear exponential model D of Brown
smoothed with alpha, as it is indicated in Table 6. It is
observed that the extracted values from the predicted
precipitation map for the years 2015 correlate with the
values extracted from the observed precipitation map for the
years 2015, respectively.
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Forecast of SSPM coefficients (a, b, ¢, d) of annual precipitation based on
time series between 1986 and 2000.

Table 4.
Forecasting of SSPM coefficients of the annual precipitation based on the
time series between 1986 and 2000 using Brown's linear exp. smoothing

a b c d with alpha = 0.0402 (a), 0.0187(b), 0.0064(c) and 0.0314(d).
@A) @A) @A) @) a
ARIMA(1,0,0) ARIMA(1,0,0) ARIMA(1,0,0) ARIMA(1,0,0) Period F Lower 95.0% Upper 95.0%
with constant with constant with constant with constant orecast Limit Limit
(B) Linear (B) Linear (B) Linear (B) Linear 2017 236208 36918.4 84160
trend = - trend = - trend = - trend = 2018 14320 -23512.2 52152.3
2.97127E6 + 5.98324E6 + 4.44623E6 + 683.646 + - 2019 224359 387102 83582
1505.1t 3055.53t 233049t 0.340607 t 2020 13583.2 24635.9 51802.4
Seasonal Seasonal Seasonal Seasonal b
adjustment: adjustment: adjustment: adjustment: . o o
Multiplicative ~ Multiplicative ~ Multiplicative ~ Multiplicative Period Forecast Lowef‘ 9,5 0% Up per 9,5'0 %
(C) Simple (C) Simple (C) Simple (C) Simple Limit Limit
exponential exponential exponential exponential 2017 93781.7 28976.3 158587
smoothing smoothing smoothing smoothing 2018 116296 35917.8 196675
with alpha = with alpha = with alpha = with alpha = 2019 93915.7 28992.6 158839
Seasonal Seasonal Seasonal Seasonal ¢
adjustment: adjustment: adjustment: adjustment: Period Forecast Lower 95.0% Upper 95.0%
Multiplicative Multiplicative Multiplicative Multiplicative Limit Limit
(D) Brown's (D) Brown's (D) Brown's (D) Brown's 2017 254189 -63201.7 571580
linear exp. linear exp. linear exp. linear exp. 2018 178888 -44528.2 402303
smoothing smoothing smoothing smoothing 2019 254122 -63325.9 571570
with alpha = with alpha = with alpha = with alpha = 2020 178841 -44615.9 402297
0.0402 0.0187 0.0064 0.0314 d
Seasonal .Seasonal .Seasonal Seasonal Period Lower 95.0% Upper 95.0%
adjustment: adjustment: adjustment: adjustment: Forecast - -
R T . S Limit Limit
Multiplicative Multiplicative Multiplicative Multiplicative
\ ) ) ' 2017 271.2 -367.0 909.6
(E) Brown's (E) Brown's (E) Brown's (E) Brown's 2018 833.0 1114 278
quadratic exp. quadratic exp. quadratic exp. quadratic exp. 2019 > 7 _3 6 5' 6 9 lé 4
smoothing smoothing smoothing smoothing : e ’
- i : i . " : " 2020 848.6 -111.0 280.7
with alpha = with alpha = with alpha = with alpha =
0.0226 0.0001 0.0001 0.0212 Source: The Authors

Source: The Authors

Table 3.

Error statistics by fitting the forecasting models to the SSPM coefficients of
the annual precipitation based on the series 1986 and 2000.

Table 5.

Calibration of SSPM of the annual precipitation semivariances with
forecasted coefficients for 2015 based on the time series between 1986 and
2000; which will be used in the validation stage.

Image year 2015 .
a - — Independent variable
Model RMSE MAE ME Prec?;falzfilon Ordinary Kriging
(A) 18631.5 14502 188.658 semivariance 24806*Nugget+93648*]- Precipitation Map in
(B) 19988.5 14604.6 -1301.14 SSPM Bessel(254260,2.66) 1991
© 22009.7 17528.6 -1050.89 PMRF 0.99 * x + 091
(D) 22493 18000 -309.029 EMRF (-0.00082 * x + 0.91)
(E) 20335.9 16940.1 592.716 SEMRF (-0.000005 * x + 0.0056)
Model b Samples 73520 of 73520
RMSE MAE ME Mean Error 0.062
(A) 38667.4 28522.3 145.9 SSPM: Statistical Spatial Prediction Model, PMRF: Predicted versus
(B) 37014.5 28105.5 -360.4 Measured Regression Function, EMRF: Error versus Measured Regression
©) 39127.9 28537.4 7250.3 Function, SEMRF: Standardized Error and Measured Regression Function,
(D) 39000.4 28664.4 6679.7 Source: The Authors
(E) 37602.1 28186.8 2114.0
c
Model RMSE MAE ME Table 6.
(A) 121003 70108 304.7 Validation of the forecasting of SSPM corresponding to the observed
B) 130317 78306.2 -3924.2 precipitation for 2015 and the precipitation estimated with forecasted
© 129018 85271 -24086 coefficients of the annual precipitation based on the time series 1986 - 2000
(D) 128982 85229.9 -23963 using Brown's linear exp. smoothing with constant alpha.
(E) 118733 70305.5 5183 Image year 2015 )
d SSPM Ordinary Kriging Independent variable
Model
RMSE MAE ME Forecasted 0.96652*Measured Observed Precipitation
(A) 459.4 391.8 -0.046 Precipitation Map in P'RO 2015 Man in 2015 P
(B) 5274 385.9 -0.568 2015 - P
©) 462.9 374.8 -0.210 Samples 100
(D) 469.2 376.3 -0.312 CcC 0.99
(E) 487.7 442.6 0.224 MAE 31.61

Source: The Authors.

Source: The Authors
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4.2.2 Evaporation forecast

The map resulting from the forecast of annual evaporation
for 2015 and 2016, shows that the maximum annual
evaporation varies between (1596.02 and 1806.7) mm / year,
the lowest values of evaporation are between (1180.47 and
1186.1) mm / year.

4.2.3 Forecast of water balance variables

With the results of validation of the hybrid model for
spatio-temporal forecast of variables of water balance in a
wetland, a forecast of the SSPM coefficients of the
semivariances of precipitation (P) and evaporation (E) was
made, based on the time series between 1986 and 2000, for
future years 2020 and 2030, in order to obtain the maps of the
relationship (P-E) for the water balance. As a sample, the
maps of the relationship (P-E) of water balance for the years
2020 and 2030 present a spatial distribution pattern for the
southern region with a negative maximum balance; while the
northern region, (where the Urama wetland is located),
results in a negative minimum balance, which indicated for
the forecast values of annual evaporation that exceeded the
rainfall in both years (Fig. 4).

5. Discussion

The study area is located between humid equatorial climate
to the south and dry climate of high subtropical pressures to the
north. In the border of these two climatic structures, the
conditions allow the presence of the tropical climates of the
Carabobo state and the rest of the country, with a few months
influenced by the Intertropical Convergence Zone and its
influence on the genesis of precipitation (rainy season); and
others dominated by the absence of these (dry season) within the
field of the North Atlantic High Subtropics [34]. Hence, the
presence of life zones classified in the Urama River basin from
north to south in: tropical dry forest (low basin), premontane dry
forest (middle basin) and cloud wet forest (high basin), [2].
These zones allow the Urama wetland to be differentiated both
by their spatiality variability and the physiography, likewise the
influence that it exerts on climatic variables such as precipitation
and evaporation.

5.1 Precipitation prediction

The results of the SSPM - Ordinary Kriging analysis based
on the time series 1986-2000, indicated that the spatial
distribution of precipitation shows maximum values in the
southern region corresponding to the nascent of the Urama River
basin, where the Canoabo and Temerla Rivers are located.

The maximum precipitation was 1636.99 mm / year;
therefore, the pattern of greater spatial coverage
corresponded to the cloud forest areas, (above 700 m
altitude). In them, the precipitation varied between 1109.18
and 1636.99 mm annually, with an average of 1290.79 mm.
In middle basin annual precipitation (rainfall) varies between
940,52 and 1276,55 mm/year, the life zone corresponds to the
premontane dry forest, where the drinking water reservoir is
located.
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Figure 4. Forecast maps of water balance variables (Precipitation -
Evaporation), using the temporal space model for the years 2020 and 2030
in the Urama River basin.

Source: The Authors

In the northern region, minimum precipitation occurred,
with a lower value equal to 579.31 mm / year, which
corresponded to the alluvial plain of the Urama River and its
wetland. These were areas in a smaller proportion, zone of
tropical dry forest located from the foothills to the lower
basin until their exit to the Caribbean Sea, with precipitation
between 579.31 and 1039.54 mm per year, with an average
of 871.15 mm.

In the Canoabo River basin, which is a tributary of the
Urama River to the middle basin, for the period 1968 - 2003,
the precipitation reached an approximate variation between
1,000 and 1,200 mm annual average [2]. The pattern of
greater spatial coverage corresponded to the areas to the
south of cloud forest and the least proportion has drier
deciduous forest, located in the center of the basin, with an
average rainfall of 987 mm. With respect to these values,
the precipitation results obtained from the research were
within the average for the precipitation distribution pattern,
with the maximum obtained equal to 1636.99 being greater;
which means that the precipitation increased in the period
1986-2000.

For the forecast of precipitation for the period 2015-
2016 with estimated data for the 1986-2000 series, the result
for 2015 was within the spatial pattern of the basin; 1182.41
mm / year in the southern zone (cloud forest) and 917.67
mm / year in the northern zone (tropical dry forest),
regarding the average value equal to 1050.03 mm / year, this
was below the series (1986-2000). For the year 2016, the
pattern of spatial variation was inverted, obtaining the
maximum value in the northern region (1349.67 mm / year)
and the minimum value in the southern region (1052.68 mm
/ year). These values corresponded with the observed
average values and with the spatial variation of the period
2015-2016.

This distribution was similar to studies of climatic
characterization of Venezuela, for the Yacambu and
Tocuyo River basins in the central western region, with a
maximum precipitation of 2387 mm / year in the southern
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region, located within the mountainous area with high
values of altitude, (1200 masl), where the pluviometric
regime was transitional; while, on the northern slope, semi-
arid depressed area, a minimum of 483 mm / year [11]. This
behavior for each area was related to the orographic factor
and the exposure of the slopes to the different air masses in
the north and south areas, being similar to the studied area.
The 1971-2000 series, (Guarico, Venezuela), showed
precipitation values between (800 -1400) mm, towards the
southern zone, where the trend showed a spatial distribution
pattern with a gradation that goes from lowest to highest in
the northeast to southeast direction, [35].

5.2 Prediction of evaporation

The results of the statistical spatial prediction model
(SSPM) of the Ordinary Kriging for the period 1986-2000,
presented maximum values in the southern region with an
annual maximum of 2651.2 mm / year, corresponding to the
humid forest zone; in middle basin annual maximum
evaporation 2396.20 mm/year, corresponds to premontane
dry forest, and low values in the region north, with a
minimum equal to 899.4 mm / year, corresponding to the
humid forest zone.

The maximum values of evaporation turn out to be higher
than the maximum values of annual precipitation, in the same
way, the lowest values of annual evaporation turn out to be
higher than the minimum values of precipitation. For the
forecast period 2015-2016, the trend continues. In
comparison with studies by [35] during 1971-1983, for the
Apure state located in the southern zone of Venezuela,
evaporation reached an annual total of 2616 mm, where the
highest values of evaporation are found during the period of
least precipitation, indicating water deficit in the soil.

5.3 Relationship of water balance variables

With the series of data 1986-2000, the relation (P-E) of
water balance variables was positive only in the years 1991,
1992, 1994 and 1996, in the rest of the period the relation was
a negative value, (Fig. 5).

The water balance showed a varied distribution pattern
that was characterized during three periods. The first
period (1986-1990) presented a negative balance (P-E)
relation. The water balance was increased in the following
5 years to positive values (1991-1996) where the maximum
values of precipitation occurred when comparing with the
rest of periods. For the third period (1997-2000), the water
balance gave negative values. The water balance tends to
result in negative values due to the evaporation
phenomenon from water reservoirs, which offer an
expanded water surface that favors the occurrence of
evaporation rates higher than the precipitation rates that
occur in both dry and rainy seasons. In comparison with
[29], the same distribution of (P-E) was presented for the
period 1971-1983, where with the water deficit and excess
occurred influenced by the physiographic units, and it was
possible to combine production areas to specific crops,
which contributed to delimit wetland protection areas in the
basin.

65

400
200
0

-200 g
-400
-600
-800
1,000
1,200
1,400

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Water Balamce (mmiyear)

Year

Figure 5: Relationship (P-E) of water balance variables according to time
series 1986-2000, in the Urama River basin, Venezuela.
Source: The Authors

5.4 Precipitation and evaporation forecasts

The statistical models of spatial prediction of
semivariances for the variables of the water balance with the
predicted coefficients (a, b, ¢ and d) for the years 2015 and
2016 and for the future years 2020 and 2030 corresponding to
the function J -Bessel; indicated the adjustment to the
semivariances, these were small for the values located in a
shorter distance, presenting a tendency to stabilize with the
increase in distance. The predicted maps 2020-2030 showed
acceptable values within the ranges reported by the 1986-2000
series, confirming that the forecasted stochastic component
(semivariance coeffcients) was able to reproduce the spatio-
temporal pattern corresponding to the time series in period
1986-2000. Similar results have been obtained in the studies of
the San Diego River basin, Venezuela, [25,27], and the state of
Anzoategui, Venezuela, [37]; as well, as the studies of Cortez
2016, in the Guarico state. The annual variability of
precipitation in Venezuela is highly influenced by prevailing
geographic conditions such as the presence of the La Costa
mountain range and its interaction with the Caribbean Sea [36].
This climatic characteristic of the region is due to the
alternating action of the intertropical convergence zone.

6. Conclusions

The study showed the inter-annual variability of water
balance variable during the time series 1986-2000 with
forecasts for future years 2020 and 2030. A pattern was
presented in the SPPM of the southern, and northern regions,
associated with the maximum and minimum values of each
year, where precipitation and evaporation was high in the
southern region, (cloud wet forest), while in the northern
region, (tropical dry forest) the wetland area, low values were
presented. For the period 1986-2000, the semivariances were
smaller at a shorter distance and increase at a greater distance
to stabilize. The results showed that the pattern follows the
behavior of the annual variability of the precipitation and
evaporation of regions of Venezuela, in comparison with
studies developed in other areas, influenced by the
Intertropical Convergence Zone on the genesis of
precipitation (rainy season); and others dominated by the
absence of these (dry season)
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The results of adjusting a linear model to describe the
relationship between predicted and observed water balance
variables for the years 2015 and 2016, were obtained with a
gradient that varied between 0.96 and 0.99 for precipitation
and between 1.01 and 1.20 for evaporation. These values
indicated the performance of the hybrid spatio-temporal
model, which presented values of the correlation coefficient
(CC) and coefficient of determination (R? squared) greater
than 0.99. The correlation coefficient indicated a relatively
strong relationship between the variables, the R? squared
statistic indicated that the model was adjusted, given the
percentage of the variability in the prediction with the
observed values.

In this study, the application of the method proposed,
implies the spatio-temporal prediction combining
geostatistical models from geographic information systems
with models of time series, for the knowledge of the spatial
distribution of the future values of the precipitation and
evaporation variables that contribute to the ecological
evaluation of wetlands, based on a series of existing data.

The knowledge about these climatic variables of water
balance, allows to obtain a much more assertive approach
when making strategic decisions in wetland areas, where the
service of production of potable water in high areas of the
basin and the agricultural service in the lowlands, makes that
are very vulnerable to the influence of persistent dry periods.
This leads to the analysis of land management, determining
its performance in periods of low rainfall and high
evaporation, so that actions can be directed at controlling
land use and activities such as deforestation and the
agricultural sector in the region.
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