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Abstract

An Artificial Neural Network (ANN), a Machine Learning (ML) modeling approach is proposed to predict
the ecological state of the North Lagoon of Tunis, a shallow restored Mediterranean coastal ecosystem. A
Nonlinear Auto Regressive with exogenous input (NARX) neural network model was fitted to predict
Chlorophyll- a (Chl- a') concentrations in the North Lagoon of Tunis as an eutrophication indicator. The
modeling is based on approximately three decades of monitoring water quality data (from January 1989
to April 2018) to train, validate and test the NARX model. The most relevant predictor variables used in
this model were those having a high permutation importance ranking with Random Forest (RF) model,
which simplified the structure of the network, resulting in a more accurate and efficient procedure. Those
predictor variables are secchi depth, and dissolved oxygen. Various model scenarios with different NARX
architectures were tested for Chl- a prediction. To verify the model performances, the trained models were
applied to field monitoring data. Results indicated that the developed NARX model can predict Chl-a
concentrations in the North Lagoon of Tunis with high accuracy (R= 0.79; MSE= 0.31). In addition, results
showed that the NARX model generally performed better than multivariate linear regression (MVLR). This
approach could provide a quick assessment of Chl- a variations for lagoon management and eco-
restoration.
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Figure 1

Location of the study area and water quality monitoring stations (1-5). Arrows inside the map represent
the unidirectional inlet/outlet water circulation system.
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Figure 2

Predictors importance ranking for the "first" RF model to predict Chl-a content in the North Lagoon of
Tunis. The importance of each predictor is measured using the OOB technique by permutation due to
each predictor.
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Figure 3

RF Prediction of the Chl-a concentrations using the physicochemical predictor variables data in the North
Lagoon of Tunis. Predicted response is Predicted Chl-a values and True response is Observed Ch-a
values.
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Figure 4

Predictor importance ranking for the "second" RF model to predict Chl-a content in the North Lagoon of
Tunis. The importance of each predictor is measured using the OOB technique by permutation due to
each predictor.
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Figure 5

The autocorrelation error plot.
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Figure 6

The input-error cross-correlation plot.
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Figure 7

Correlation between original (target) and predicted (output) Chl-a values obtained with the NARX network

Page 8/10



18€°L
B9Z'L
6¥L'L
€0t
S0L6 0
GL6L0
¥eL90
¥EGS 0
EFEV O
ESLED
¢a96L 0
ELL200

Zero Error

- Training
B v alidation
I Test

gL o
Lok O
LG6E O
ZBLS O
clE9°0-
£96. 0
¥G.8 0
S 2 8 8 § 8 ® 2 ©
saosue}su|

£61L+0 O

Targets - Outputs

Errors

Figure 8

Error histogram of the NARX network.
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Figure 9

Observed and modeled Chl-a concentrations using NARX network in the North Lagoon of Tunis.
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