Assessment of Surface Water Resources: Methods, Challenges,
and Implications for Sustainable Water Management

C. P. Kumar, Former Scientist 'G', National Institute of Hydrology, Roorkee - 247667, India

Abstract

Assessment of surface water resources is crucial for managing water resources effectively
and sustainably. This article discusses the various methods and techniques used to assess
water quantity and quality, including stream gauging, water level measurement, remote
sensing, water sampling, biological assessment, water quality index, and real-time water
quality monitoring. However, the assessment of surface water resources faces several
challenges, such as limited access to water bodies, lack of data, changing climate, and land-
use changes. Addressing these challenges requires collaboration among different
stakeholders, such as government agencies, researchers, communities, and water users. This
article highlights the implications of surface water resource assessment for sustainable water
management and the importance of working together to ensure the sustainable use of surface
water resources for future generations.

Introduction

Surface water resources, such as rivers, lakes, and streams, play a crucial role in providing
water for various human activities, including domestic, industrial, and agricultural use.
Surface water resources also support aquatic ecosystems and provide recreational
opportunities. However, the availability and quality of surface water resources are threatened
by various factors, such as climate change, land-use changes, and pollution. Therefore, the
assessment of surface water resources is essential for managing water resources sustainably
and ensuring their availability for future generations.

The assessment of surface water resources involves the measurement and analysis of various
parameters, such as water quantity, water quality, and ecological health. This article discusses
the different methods and techniques used to assess surface water resources, including stream
gauging, water level measurement, remote sensing, water sampling, biological assessment,
water quality index, and real-time water quality monitoring. The article also highlights the
challenges faced in the assessment of surface water resources, such as limited access to water
bodies, lack of data, changing climate, and land-use changes.

The article concludes by emphasizing the importance of surface water resource assessment
for sustainable water management and the need for collaboration among different
stakeholders to address the challenges faced in the assessment of surface water resources. By
working together, we can ensure the sustainable use of surface water resources for future
generations.

Assessment of Surface Water Resources

Surface water is defined as the water that is found on the surface of the earth in the form of
rivers, lakes, ponds, and wetlands. It is a vital resource for human, animal and plant life. The



availability of surface water resources is critical for many sectors, such as agriculture,
industry, and domestic use. Therefore, it is important to assess the availability of surface
water resources in order to manage them effectively and sustainably.

Assessment of surface water resources involves the measurement of water quantity and
quality. In this article, we will discuss the methods and techniques used for the assessment of
surface water resources.

Water Quantity Assessment

The assessment of water quantity is important to determine the availability of surface water
resources. The following are some of the methods and techniques used for the assessment of
water quantity:

Stream Gauging

Stream gauging is the most common method used for measuring the flow rate of a river or
stream. It involves the installation of a gauging station at a point along the river where the
flow rate is representative of the entire stream. The station consists of a streamflow
measurement device, such as a current meter or a flow sensor, and a data logger that records
the measurements. The data obtained from the gauging station can be used to determine the
flow rate, discharge, and water level of the river or stream.

Water Level Measurement

Water level measurement is the method used to determine the water level of a lake, pond, or
wetland. This method involves the installation of a water level gauge at a point on the shore
of the body of water. The gauge consists of a vertical staff with a graduated scale that is
marked in units of water level. The water level is measured by reading the scale at the water
surface. The water level measurement is used to determine the volume and surface area of the
body of water.

Remote Sensing

Remote sensing is the method used to determine the water quantity using satellite images.
Remote sensing involves the use of satellite images to measure the extent and area of surface
water bodies. This method is useful for large-scale assessments of water quantity in remote
areas. The images obtained can be used to estimate the surface area, volume, and depth of
surface water bodies.

Rainfall Measurement

Rainfall measurement is the method used to determine the amount of precipitation that falls
on a particular area. This method involves the installation of rain gauges at different points in
the area. The gauges measure the amount of rainfall that falls on them. The data obtained
from the rain gauges can be used to estimate the amount of water that enters the surface water
bodies in the area.



Water Quality Assessment

The assessment of water quality is important to determine the suitability of water for various
uses. The following are some of the methods and techniques used for the assessment of water
quality:

Water Sampling

Water sampling is the method used to collect water samples from surface water bodies. The
samples are collected at different points in the water body and at different times of the day.
The samples are then analyzed in the laboratory for various water quality parameters, such as
pH, temperature, dissolved oxygen, biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solids (TSS), and nutrients (nitrogen and phosphorus).

Biological Assessment

Biological assessment is the method used to assess the health of the aquatic ecosystem. This
method involves the collection of biological samples, such as fish, macroinvertebrates, and
algae, from the water body. The samples are then analyzed in the laboratory to determine the
diversity and abundance of species. The data obtained can be used to assess the ecological
health of the water body.

Water Quality Index

The water quality index (WQI) is a method used to summarize the water quality data
obtained from the laboratory analysis of water samples. The WQI is a numerical value that
ranges from 0 to 100, with O representing the worst water quality and 100 representing the
best water quality. The WQI is calculated by assigning weightage factors to the different
water quality parameters and then combining them to obtain a single value. The WQI
provides a quick and easy way to assess the overall water quality of a surface water body.

Real-time Water Quality Monitoring

Real-time water quality monitoring involves the continuous monitoring of water quality
parameters in surface water bodies. This method uses sensors that are installed in the water
body to measure various water quality parameters, such as temperature, dissolved oxygen,
pH, and conductivity. The data obtained from the sensors are transmitted to a data logger,
which records the data and sends it to a central database. Real-time water quality monitoring
is useful for detecting changes in water quality over time and for providing early warning of
water quality problems.

Assessment of Surface Water Availability
To estimate the volumetric quantity of surface water in rivers, lakes, and reservoirs using
data/information from stream gauging, water level measurement, rainfall measurement, and

remote sensing, you can follow these general steps:

Collect the necessary data: Collect data on stream gauging, water level measurement, rainfall
measurement, and remote sensing for the surface water body you are interested in. This may



involve accessing existing data sources, such as government or research institution databases,
or collecting new data through field measurements or satellite imagery.

Analyze the data: Use statistical analysis techniques to analyze the data and identify patterns
and trends. For example, you can use regression analysis to estimate the relationship between
water level and flow rate, or use time series analysis to identify seasonal and long-term trends
in rainfall.

Calculate water volume: Use the data and analysis to estimate the volume of water in the
surface water body. For example, you can use the flow rate measurements from stream
gauging to calculate the volume of water passing through a specific location over a period of
time, or use water level measurements and bathymetric data to estimate the volume of water
in a lake or reservoir.

Consider uncertainty and accuracy: Remember that there may be uncertainty and errors in the
data and analysis, so it is important to consider the accuracy and precision of your estimates.
You can use techniques such as error propagation or Monte Carlo simulation to estimate
uncertainty and identify areas where more data or analysis is needed.

Evaluate water availability: Once you have estimated the volume of water in the surface
water body, you can evaluate the availability of water for different uses, such as irrigation,
drinking water, or hydropower generation. This may involve considering factors such as
water quality, environmental regulations, and competing demands for water resources.

Overall, estimating the volumetric quantity of surface water in rivers, lakes, and reservoirs
using data/information from stream gauging, water level measurement, rainfall measurement,
and remote sensing requires careful data collection, analysis, and interpretation. It is
important to use appropriate methods and techniques to ensure accuracy and reliability of the
estimates, and to consider uncertainty and other factors that may affect water availability.

Challenges in the Assessment of Surface Water Resources

The assessment of surface water resources is a complex task that involves many challenges.
The following are some of the challenges faced in the assessment of surface water resources:

Limited Access to Water Bodies

Access to surface water bodies can be limited in some areas due to physical barriers, such as
rugged terrain, dense vegetation, or private property. Limited access to water bodies can
make it difficult to collect water samples, install gauging stations, or conduct real-time water
quality monitoring.

Lack of Data
The assessment of surface water resources requires data on water quantity and quality.

However, in many areas, data on water resources are limited or not available. This can be due
to the lack of monitoring infrastructure, inadequate funding, or insufficient technical capacity.



Changing Climate

Climate change can have a significant impact on surface water resources. Changes in
precipitation patterns, temperature, and weather extremes can affect the quantity and quality
of surface water resources. It can also affect the timing and duration of water availability,
which can have implications for water management.

Land-use Changes

Land-use changes, such as deforestation, urbanization, and agricultural expansion, can have a
significant impact on surface water resources. Land-use changes can alter the water balance
of an area, affecting the quantity and quality of surface water resources. It can also affect the
ecological health of the water bodies, which can have implications for human and animal
health.

Conclusion

The assessment of surface water resources is important for managing water resources
effectively and sustainably. The assessment of water quantity and quality requires the use of
various methods and techniques, such as stream gauging, water level measurement, remote
sensing, water sampling, biological assessment, water quality index, and real-time water
quality monitoring. However, the assessment of surface water resources also faces many
challenges, such as limited access to water bodies, lack of data, changing climate, and land-
use changes. Addressing these challenges requires the collaboration of different stakeholders,
such as government agencies, researchers, communities, and water users. By working
together, we can ensure the sustainable use of surface water resources for future generations.



