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The present study emphasizes the forecast of Andhra Pradesh's total marine fish production and the catch of 

commercially important fishes, viz., Indian Mackerel, Oil Sardine, Horse Mackerel, and Lesser Sardines for the next 5 years 

by different statistical and machine learning approaches under climate change scenario. Forecasting is done with and 

without the inclusion of climatic and environmental parameters in different models. Exogenous variables, i.e., climatic 

parameters such as Sea Surface Temperature (SST), wind speed, and environmental parameters such as Chlorophyll-a, 

diffusion attenuation coefficient, and Photo-synthetically Active Radiation (PAR), were used in the model. The following 

models like Non-linear Autoregressive (NAR) Artificial Neural Network (ANN) (NNAR-ANN), Auto-Regressive 

Integrated Moving Average (ARIMA), Empirical Mode Decomposition based Artificial Neural Network (EMD-ANN), are 

used to predict the fish catch data using time series quarterly catch data of commercially important fishes and total fish catch 

without the inclusion of climatic and environmental variables. Auto Regressive Integrated Moving Average method with 

inclusion of exogenous variables (ARIMAX) and Non-Linear Auto Regression with exogenous variables (NARX) models 

were used to forecast along with quarterly average data of environmental and climatic variables. The model developed 

predicts the total fish catch and also the catch of commercially important fish for the next 20 quarters. The developed model 

forecasts are compared based on the error measure, i.e., MAPE (Mean Absolute Percentage Error), and the results showed 

that the NARX model outperformed other models like ARIMAX, ARIMA, NNAR-ANN, and EMD-ANN. Implementation 

of management strategies considering the impact of climate change on fisheries will enhance sustainable fisheries and pave 
a pathway for the mitigation of climate change.  

[Keywords: ARIMAX, EMD-ANN, Climate change, Marine fish production, NARX] 

Introduction 

A developing country like India faces a critical 

threat in terms of climate change, which is a major 

environmental problem across the globe. Climate 

change due to the environment continues to affect 

marine ecosystems. The change in temperature that 

drives dissolved oxygen, pH, salinity, and ocean 

currents and mix surface waters with deeper waters. 

The nutrient-rich waters affect the distribution and 

abundance of plankton, which is food for small fish 

and thus influence the total catch of fish. 

As climate change has a very intense effect on the 

fisheries sector
1,2

, certain management strategies and 

management decisions to mitigate the drastic changes 

in climate by policymakers help to achieve the goals 

of fisheries management through forecasted fisheries 

time-series data. 
Active research works have been going on for 

years on time series modelling and forecasting as they 

have primordial importance in practical domains. 
Many models were studied in detail to understand the 
efficiency and accuracy of time series modeling and 
forecasting. Statistical models such as Auto-
Regressive Integrated Moving Average (ARIMA) 
methods are used to predict the time series data. The 
assumption of linearity is the main disadvantage of 
this model. The time series has components that are 
non-linear which makes ARIMA models not 
appropriate for forecasting and modeling, so, the 
Artificial Neural Network (ANN) is the most 
commonly used machine learning technique to model 
and forecast the time series data with non-linear 
components. The empirical Mode Decomposition-
based Artificial Neural Network (EMD-ANN) 
approach that hybridizes EMD and ANN is also an 
alternative to the models which does not capture the 
nonlinearity in the data. EMD decomposes a signal 
into a set of adaptive basis functions called intrinsic 
mode functions

3
. 
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Many works have been done by researchers on 

short-term forecasting using renowned methods and 

models like Vector Auto-Regression (VAR), Auto-

Regressive Integrated Moving Average (ARIMA), 

Neural Networks, etc.; but in the Indian context, 

forecasting marine fish catch under climate change 

scenario is limited. In India, many research works 

were done to forecast the marine fish catch with 

environmental variables by different models
4,5

. To 

model, the series with exogenous variables 

(environmental, climatic variables), Auto Regressive 

Integrated Moving Average with exogenous variables 

(ARIMAX), and Non-Linear Auto Regression with 

exogenous variables (NARX) model are used in this 

study. Machine learning technique, NARX model, 

captures the non-linear patterns in the data and has 

better accuracy in the prediction
6
. 

Environmental and climatic variables were used to 

amplify the time series prediction performance. 

Models such as ARIMAX and NARX were used to 

predict the total fish catch landings and catch of 

commercially important fishes like Oil Sardine, Horse 

Mackerel, Indian Mackerel, and Lesser Sardines. 

 

Materials and Methods 
 

Study area and data 

The present study was done in Andhra Pradesh, 

located on the east coast of India. The state comprises 

of 13 districts, in which 9 are coastal districts. The 

state has a long coastline of 974 km, with 2.97 lakh 

tonnes of annual marine fish production, and has been 

contributing significantly to the country's total fish 

production for the past few years in brackish water 

aquaculture, freshwater aquaculture, and marketing 

through an effective strategy. The study emphasizes 

secondary data of total marine fish catch, some of the 

important commercial fish catch data, along with data 

on climatic and environmental variables.   

Quarterly average data of climatic variables  

[Sea Surface Temperature (SST), wind speed], 

environmental variables [diffuse attenuation 

coefficient (Kd_490 or Kd), chlorophyll-a (Chl-a), 

and Photosynthetically Active Radiation (PAR)] 

along Andhra Pradesh, was obtained from 

GIOVANNI for the period of 2002 – 2018. The 

quarterly landings of total fish catch and the catch of 

Indian Mackerel, Oil Sardine, Horse Mackerel, and 

Lesser Sardine fish estimate value were taken from 

ICAR-Central Marine Fisheries Research Institute 

(ICAR-CMFRI), Kochi for the same period to 

understand the impact of environmental and climatic 

variables on fish catch.  

Ninety percent of the data, i.e., from the first 

quarter of 2002 to the fourth quarter of 2016 (60 data 

points from 1 to 60-time stamp as horizontal axis) 

were used as training data, and around 10 % of the 

data, i.e., from first quarter 2017 to fourth quarter 

2018 (8 data points, i.e., from 61 to 68-time stamps as 

horizontal axis), were used to test and validate the 

data for all the models. Chl-a, SST, Wind speed, Kd, 

and PAR were expressed in mg/m
3
, °C, m/s, m

-1
, and 

Einstein/m
2
/day, respectively, and fish landings were 

measured in ton. 

 
Methodology 

 

Auto-Regressive Integrated Moving Average (ARIMA) 

ARIMA stands for Auto-Regressive Integrated 

Moving Average Method, in which auto regression  

is indicated by a pattern of growth or decline. 

Integration is indicated by a rate of change in the 

growth or decline in the data, and the noise between 

consecutive time points indicates the moving average. 

An ARIMA model is given by: 
 

( )(1 ) ( )d

t tB B y B   
 … (1)

 

 

Where, 
 

2

1 2( ) 1 p

pB B B B         (Autoregressive 

parameter); 2

1 2( ) 1 q

pB B B B         (Moving 

average parameter); = white noise or error term;  

d = differencing term; B = Backshift operator i.e. 

. 

 

ARIMAX 

The generalization of the ARIMA model is the 

ARIMAX model, which includes an exogenous input 

variable. The model ARIMA error and the presence of 

exogenous variables is ARIMAX (p,d,q,k) model. In 

statistical form, ARIMAX model can be written as: 
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Where, F is an exogenous variable of order k 

Using back operator, ARIMAX model
8
 may be 

written as: 
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Artificial Neural Network (ANN) 

Forecasting of non-linear data can be done in 

various ways; amongst them, the most efficient model 

is Artificial Neural Network
5,9

. Neural Networks are 

widely used for the forecasting of fish landings as the 

data of fish landings is highly non-linear. Neural 

networks have an input layer, a hidden layer, and an 

output layer with simple non-linear computing units 

that mimic human neural systems, and the hidden 

layers are commonly referred to as neurons (Fig. 1).   

To amplify the efficiency of the learning results of 

ANN
10

, the input data has to be pre-processed into a 

numeric range. Non-Linear Auto Regressive Artificial 

Neural networks (NNAR-ANN) approaches in the 

prediction of time series data are widely used. 

 
NARX 

Non-Linear Auto Regressive Artificial Neural 

networks (NNAR-ANN) approaches in the prediction 

of time series data are widely used. 

A Non-linear Auto Regressive model with the 

inclusion of exogenous inputs (NARX) predicts the 

time series data with past values of series, external 

series, which can be either multidimensional or single. 

The equation that models the NARX network 

behavior for time series prediction is mentioned 

below. 
 

Y(t)=f(x(t-1), x(t-2)……., x(t-a),y(t-1), y(t-2), 

……….y(t-a))+ e(t)   … (iv) 
 

Empirical Mode Decomposition-based Artificial Neural Network 

(EMD-ANN) 

Empirical Mode Decomposition (EMD) was first 

proposed by Huang
12

. EMD-ANN is commonly used 

for data that is non-stationary and non-linear. In this 

method, original time series data are decomposed into 

"mono component functions" called Intrinsic Mode 

Functions (IMFs), which are obtained by the 

superposition of the different frequency and 

amplitude waves and by the elimination of 

asymmetric signals with respect to the zero level. In 

the Empirical Mode Decomposition based Artificial 

Neural Network (EMD-ANN) model, first of all, 

original data series are decomposed into IMFs, and 

ANN is applied to all-individual IMFs. 

EMD-ANN is a repetitive process that converts a 

particular signal into different IMFs with different 

amplitudes and frequencies. To get the IMFs, the 

conditions are: 

a) The number of zero-crossing and extrema must be 

equal or differ by one in the entire dataset. 

b) At any point, the mean value of local maxima and 

local minima at any point should be zero. 
 

Results and Discussion 
 

Forecasting the fish production with and without climatic and 

environmental parameters 

Forecasting climatic and environmental time series 

data are integral for climate management because it 

allows policymakers to develop necessary strategies 

and implement management decisions to achieve 

goals during uncontrollable events. In this study, the 

fish production with and without the climate change 

scenario's is forecasted with the help of various 

statistical and machine learning models.  
 

Seasonal forecasting of fish production with the SARIMA model 

The best SARIMA model for forecasting is 

selected based on the Bayesian information criterion 

and Akaike information criterion (not shown here) 

 
Fig. 1 — Structure of artificial neural network (Yadav et al.

11) 
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(Table 1) and forecasted for the next 20 quarters using 

SPSS software (graph is not shown here). Indian 

Mackeral and Horse Mackerel show good forecasts 

with the SARIMA model with better accuracy and 

minimal errors (MAPE) comparatively with Oil 

Sardine catch and Lesser Sardine catch that did not 

show a good forecast where the error percentages are 

also high in these fish catch forecasts. The total fish 

production data of Andhra Pradesh shows a better 

forecast where the error percentages (MAPE) are low. 
 

ARIMAX model forecasting of fish production data 

ARIMAX, in a similar way to ARIMA, is a 

statistical model used to predict time series data. 

ARIMAX forecasts data with the inclusion of 

exogenous variables. In the present study, fish catch 

data under the influence of climate change is 

forecasted by taking the required parameters such as 

SST, PAR, Kd-490, Chl-a, and Wind speed in SPSS 

software. Best models were developed for the 

different fish catches based on the explained 

methodology, and those developed models are used to 

forecast the fish catches. The ARIMAX model with 

MAPE in the forecast of the catch of selected fish 

species and the total fish catch is shown in Table 2. 

Forecast efficiencies are measured with error 

measures such as MAPE, and the errors are relatively 

lower than the SARIMA models, except for Oil 

Sardines (Table 2). 

Table 3 shows the MAPE of fish catches with the 

best model developed compared to all other fishes, 

and total fish catch showed a better forecast with 

minimal error. As the data of Oil Sardine is highly 

non-linear, it showed very poor accuracy of the 

forecast and very high errors. 

NARX 

In the present study, the NARX model is used to 

forecast the fish catch data under the climate change 

scenario in R software 3.5.3. The typical NARX 

model is shown as NNAR (p, size), p represents the 

number of seasonal lags that are used as inputs, and 

size refers to the neurons in the hidden layer. To find 

the best model in the NNAR, the values of p and size 

were fitted and checked for the tentative model's 

accuracy with MAPE, and the best model was NNAR 

(4,7) based on accuracy. The fish landings for the next 

five years (20 quarters) are forecasted in this study 

with the best model. Figures 2 to 6 show the forecasts 

for total fish production, catch of Indian Mackerel, 

Oil Sardine, Horse Mackerel, and Lesser Sardines, 

respectively, for the next five years, i.e.,  2019-2023 

(blue line graph). 
 

EMD-ANN 

There are crucial steps in the EMD-ANN model, 

including data decomposition by EMD and 

forecasting by the ANN. The EMD decomposition 

acts as a dyadic filter bank, and the obtained IMFs are 

in a range from high to low, that indicates the local 

characteristic time scale by itself. Therefore, these 

components of data have a periodic pattern, as seen in 

Figures 7 – 11. 

Table 1 — SARIMA models of fish production 

 P d q P D Q Best model 

(p,d,q) (P,D,Q) 

MAPE 

Total 3 1 3 0 0 2 (3,1,2) (0,0,2) 18.469 

Indian Mackerel 1 1 2 0 0 1 (1,1,1) (0,0,1) 57.844 

Horse Mackerel 3 1 3 0 0 1 (3,1,2) (0,0,1) 58.865 

Oil Sardines 1 1 2 0 0 0 (1,1,0) (0,0,0) 896.407 

Lesser Sardines 1 0 3 0 0 0 (1,0,3) (0,0,0) 88.302 
 

Table 3 — Model forecast comparison 

 
MAPE (Mean Absolute Percentage Error) 

 
SARIMA NNAR-ANN ARIMAX NARX EMD-ANN 

TOTAL 18.469 12.12 15.89 0.79 1.86 

Horse Mackerel 57.844 43.41 60.44 2.90 5.51 

Indian Mackerel 58.865 44.17 43.48 1.22 2.02 

Oil Sardines 896.407 1346.86 1521.33 4.37 4.87 

Lesser Sardines 88.302 38.53 54.63 1.89 2.63 
 

Table 2 — The ARIMAX model and MAPE in the forecast of the 

catches of selected fish species and total fish catch 

 
Model MAPE 

TOTAL ARIMAX(2,1,2)(0,0,1) 15.89 

Horse Mackerel ARIMAX(1,1,2)(0,0,1) 60.44 

Indian Mackerel ARIMAX(2,1,2)(0,0,1) 43.48 

Oil Sardines ARIMAX(1,1,1)(0,0,0) 1521.33 

Lesser Sardines ARIMAX(2,1,3)(0,0,0) 54.63 
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Fig. 2 — NARX model forecast of total marine fish production of Andhra Pradesh 
 

 
 

Fig. 3 — NARX model forecast of Indian Mackerel 

 

 
 

Fig. 4 — NARX model forecast of Oil Sardine 
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Fig. 5 — NARX model forecast of Horse Mackerel 

 

 
 

Fig. 6 — NARX model forecast of Lesser Sardines 

 

 
 

Fig. 7 — IMFs for Horse Mackeral 
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Fig. 8 — IMFs for Lesser Sardines 

 

 
 

Fig. 9 — IMFs for Indian Mackerel 

 

 
Fig. 10 — IMFs for Oil Sardine 

 

 
Fig. 11 — IMFs for total fish production 
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A three-layer feed-forward ANN with a logistic 

activation function was used in the second stage. The 

size of input data is a significant factor for 

computational requirements in ANN, and the neurons 

in the hidden layer of the network are iterated to 

minimize the error between the actual and desired 

output during testing and learning rates of the 

network. 

 
Model forecast comparison 

In the present study, time-series data from 2002 – 

2018 was used to forecast total fish catch, Indian 

Mackerel catch, Oil Sardine catch, Horse Mackerel 

catch, and Lesser Sardine catch of Andhra Pradesh for 

the next five years, i.e., 2019 – 2023, by different 

models with and without the influence of climatic and 

environmental variables. Table 3 shows the forecasts 

of different models with error measures like Mean 

Absolute Percentage Error (MAPE) 
 

MAPE = (|Actual-Forecast|/Actual)*100 
 

NNAR-ANN showed better accuracy (MAPE = 

12.12) than the SARIMA model (MAPE = 18.469) 

except for Oil Sardines, in which there is no 

intervention of the exogenous variable. ANN even 

outperformed the ARIMAX model forecast of all the 

fish catch data except the catch data of Indian 

Mackerels. The performance of the EMD-ANN model 

outperformed the SARIMA and NNAR-ANN models. 

Compared to all the model forecast accuracies, the 

NARX model showed far better forecast accuracy 

with very minimal error. Similar results were reported 

by Yadav et al.
5 
and Paul et al.

13
. 

 

 

Summary and Conclusion 

Forecasting and modeling of time series have much 

importance in various practical domains, and to 

improve the efficiency of time series modeling and 

forecasting, many models have been proposed in the 

literature. Forecasting fish production time series data 

under climate change scenarios is integral for climate 

management as it allows for the development of 

strategies and management decisions by policymakers 

to goals during uncontrollable events. The present 

study on forecasting of fish production data with and 

without the climate change scenario's with the help of 

statistical and machine learning models reveals that 

the NNAR-ANN exhibit better accuracy (MAPE = 

12.12) than the SARIMA model (MAPE = 18.469), in 

which there is no intervention of the exogenous 

variable. ANN even outperformed the ARIMAX 

model forecast of all the fish catch data except the 

catch data of Indian Mackerels.  

The accurate forecasts are obtained by the 

inclusion of exogenous variables, i.e., environmental 

and climatic variables, in the model. Compared to all 

the model forecast accuracies, the NARX model 

showed far better forecast accuracy with very minimal 

error. NARX method was found better for predicting 

fish production compared to other methods such as 

ARIMAX and EMD-ANN. Fishes are poikilothermic, 

and hence, with the change in temperature, changes in 

distribution and assemblage do occur. Climate change 

is a very complicated scenario as the change in SST, 

PAR, and Chlorophyll-a will affect marine fish 

production. Hence the prediction of catch based on 

these parameters will provide a general trend. 

However, the effect of other factors influencing 

climate change needs to be considered while 

modeling the effect on fish abundance. The prediction 

of the influence of climate change on fish catch will 

give the roadmap to facilitate the management 

strategies for enhancing sustainable fisheries and 

adaptation of strategies during climate change.   
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