Prediction of groundwater levels from lake levels
and climate data using ann approach
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Abstract
There are many environmental concerns relating to the quality and quantity of surface and groundwater. It is very important
to estimate the quantity of water by using readily available climate data for managing water resources of the natural environment. As a case study an artificial neural network (ANN) methodology is developed for estimating the groundwater levels
(upper Floridan aquifer levels) as a function of monthly averaged precipitation, evaporation, and measured levels of Magnolia
and Brooklyn Lakes in north-central Florida. Groundwater and surface water are highly interactive in the region due to the
characteristics of the geological structure, which consists of a sandy surficial aquifer, and a highly transmissive limestoneconfined aquifer known as the Floridan aquifer system (FAS), which are separated by a leaky clayey confining unit. In a lake
groundwater system that is typical of many karst lakes in Florida, a large part of the groundwater outflow occurs by means of
vertical leakage through the underlying confining unit to a deeper highly transmissive upper Floridan aquifer. This provides
a direct hydraulic connection between the lakes and the aquifer, which creates fast and dynamic surface water/groundwater
interaction. Relationships among lake levels, groundwater levels, rainfall, and evapotranspiration were determined using
ANN-based models and multiple-linear regression (MLR) and multiple-nonlinear regression (MNLR) models. All the models
were fitted to the monthly data series and their performances were compared. ANN-based models performed better than MLR
and MNLR models in predicting groundwater levels.
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Introduction
Assessment of the quality and quantity of both surface and
groundwater is important in hydro-environmental management
to sustain the natural systems and safe liveable environment on
and under the earth’s surface. Groundwater and surface water
are fundamentally interconnected. This interconnection should
be well understood to effectively and safely manage the precious
groundwater and surface-water resources while benefiting from
them. Determining groundwater surface-water interactions is
therefore crucial in water resources planning and management.
The main factors affecting groundwater/surface water interaction are the climate inputs (rainfall, evaporation demand), the
surface characteristics of the basin (soil, vegetation and topography) and the underlying geological structure, including the
depth of the groundwater table below the surface.
Although parametric statistical rules and deterministic
models have been the traditional approaches to forecasting
water resources variables, many recent efforts have shown that
when explicit information of hydrological sub-processes are
not needed, such as infiltration, rainfall and runoff, an artificial
neural network (ANN) model can be more efficient and effective (Maier and Dandy, 2000). Therefore, the ultimate objective
of this research was to develop an ANN model for predicting
groundwater levels from readily available observations without
needing any information about the hydrological sub-processes.
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An ANN model was developed in which lake levels, rainfall, and evapotranspiration data available for north central
Florida were used as inputs, and the groundwater level around
the lakes was used as output. The sensitivity of the prediction
accuracy to the content and length of training data was investigated. The multiple-linear regression (MLR), multiple-nonlinear
regression (MNLR) and ANN models were fitted to the monthly
data series and their performances were compared. ANN was
found to model groundwater levels using limited data better than
a statistical regression model for different lengths of training
data.

Description of the study area
The study area is located in the Upper Etonia Creek Basin
(UECB) of north central Florida which has an area of 446 km 2
and is noted for numerous lakes and karst features (Watson et
al., 2001) and is part of the lower St. Johns River Basin. It lies
between 29o37’ and 29o53’ north latitude and 81o51’ and 82o04’
west longitude (Sousa, 1997). Figure 1 shows the location of the
lakes and in downstream order they are: Lowry Lake, Magnolia
Lake, Lake Brooklyn, and Lake Geneva (Merritt, 2001).
Hydrogeology
The surficial deposits in the study area consist of unconsolidated
to semi-consolidated sand and clayey sand marl of the Holocene,
Pleistocene, and Pliocene ages (Clark et al., 1964). The deposits
are underlain by the Hawthorn Group, a marine deposit of the
Miocene age that consists of clay, quartz sand, carbonate, and
phosphate. The Hawthorn Group is underlain by Ocala limestone of the Eocene age.
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