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Article Info Abstract
This study employs random forest regressor to forecast future flow in Kabul River.

Utilizing CMIP6 projected climate data for the SSP585 scenario from the IPSL-

ISSN (online): 2582-7138 CMG6A-LR climate model. The random forest regressor demonstrate efficacy in

Volume: 05 predicting flow, achieving an R? of 0.77. The study highlights the importance of
Issue: 02 modern artificial intelligence-based techniques for precise flow and flood predictions
March-April 2024 and suggests an increase in flash flood events in Kabul River in response to a warming
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1. Introduction

In 2010 Kabul river has experienced devastating flash flood that caused severe human and financial losses M. Kabul river being
a key tributary of the Indus river with its basin located at the verge of monsoon region is exposed to flash floods, especially
during monsoon periods .

The recent advances in climate changes revealed that the global as well as the regional temperatures at Kabul basin would
increase by around 2 to 5 degrees Celsius by 2100 B 4. With this increase in global and regional temperatures water cycle
including flow patterns in rivers and streams would significantly change 2. Such changes would be nonuniform, with increase
and decrease of hydrological events in various regions are expected 4. However, studies on Kabul river have shown that flow
pattern would significantly change to yield catastrophic floods more frequently due to glacial and snow melt 2 %1,
Conventionally, hydrological predictions are made using statistical methods that are oriented on process (water cycle). Given its
estimative nature and recent advances in predictions using artificial intelligence these hydrological predictions can be easily
made using the artificial intelligence techniques [,

In this study an artificial intelligence based algorithm named random forest is employed to predict future flow of Kabul river.

2. Literature Review

With warming climate global as well as regional water cycle is impacted, affecting uses dependent on the hydrological regimes
mainly, hydropower energy, groundwater, agricultural production and ultimately the availability of water for domestic purposes
[7.8.91 pringing frequent floods ! that are highly dependent on basin climate parameters and can lead to damages of bridges and
other hydraulic structures 1%,

Studies have shown that in the Indus River due to climate warming, the summer flows have already increased since 1986 [,
Kabul river as a key tributary to Indus River is also impacted due to climate change, with its flow patterns changed to yield more
floods events [,

The hydrological science and most of the problems that are worked out in it are based on statistical estimations, for which modern
artificial intelligence based regression algorithm provide as ease [,
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The use of such techniques has significantly increased in
recent advances, in which the random forest based model
have shown better performance along with Support Vector
Machine (SVM) and Multilayer Perceptron Neural Network
(MLP) 2, Similarly, Bayesian Linear Regression (BLR),
Boosted Decision Tree Regression (BDTR), and Neural
Network Regression (NNR) have also been used to predict
rainfall events (13 141,

Random forest is a technique based on multiple decision trees
that are trained to give predictions. Each tree can give a
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prediction and average of all giving final prediction result of
random forest regressor 151,

3. Methodology

3.1. Study Area

Kabul river basin is the border region of Pakistan and
Afghanistan, with catchment 92,650 sg. km. Kabul River is
mainly fed by snow and glacial melt with monsoon
precipitation yielding floods during monsoon period [,

Fig 1: Kabul River Basin

3.2. Material and Methods
Training data comprise the daily flow data of the Kabul river

from Jan 2002 to Nov 2022. The flow data contained missing
values which are marked NAN.
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Fig 2: Daily flow data of Kabul River from 01.01.2002 to 31.11.2022, collected at Nowshera gauge station.

Climate data from the climate model IPSL-CM6A-LR
(France) is another part of the training dataset. Precipitation
and temperature data from IPSL-CM6A-LR for SSP585
scenario of CMIPS, is used as climate parameter as both play
a key role in determining the flow pattern in the rivers 161,
The precipitation and temperature data from IPSL-CM6A-

LR is already bias-corrected downscaled [,

Daily precipitation (Ppt) along with daily max temperature
(Tmax) and daily minimum temperature (Tmin) are the three
parameters that formed the independent variable set of the
training dataset.
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Fig 3:

Variation of basin average daily max temperature and daily min temperature from 01.01.2002 to 31.11.2022 for Kabul River
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Fig 4: Variation of basin average daily precipitation from 01.01.2002 to 31.11.2022 for Kabul River

Consequently, two datasets are prepared the first one is the
training dataset containing independent variable set (Ppt,
Tmax and Tmin) and dependent variable as daily flow of
Kabul River from Jan 2002 to Nov 2022, the second dataset
is the prediction dataset containing values of Ppt, Tmax and
Tmin for future period; from 2031 to 2050. The training
dataset is further split in 80:20 splits as calibration and
validation samples.

The random forest regressor form sklearn documentation is
then used to build the model that is trained using the
calibration sample. Various values of number of trees and
tree depths are randomly checked for calibration and
finalization of the architecture of the random forest regressor

for yielding the best result.
The accuracy of random forest regressor for both calibration
and validation sets are checked used R2. Finally, using the

prediction dataset flow values for the future period is
predicted.

4. Results & Discussions

The random forest regressor give better performance for flow
predication using 100 numbers of trees with max depth value
of each tree as 20. R? calibration value of 0.94 and R?
validation value of 0.77 indicated that the random forest
regressor satisfactorily detect pattern in calibration data and
its performance in validation data is reasonably good.
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Fig 5: Result of flow prediction for Kabul River from random forest regression model

The temperature data IPSL-CM6A-LR revealed (Figure 2)
that basin average daily temperature is following an
increasing trend with daily maximum increased by around 3
% from 2002 to 2022. The results of predicted flow (Figure
5) from the random forest regression model for future
indicated that in future the flow pattern of Kabul River would
significantly change and flood would occur more frequently.

5. Conclusions

The performance of the random forest regressor is found
reasonably good. The flood pattern for future period is
effectively detected, depicting that flood pattern in Kabul
River would significantly vary in future and more occurrence
of flood events are expected. However, the performance of
random forest regressor for climate models other than IPSL-
CMG6A-LR and for other CMIP6 scenario i:e SSP245 etc,
need to be assessed.
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