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Abstract 
 

This article provides an overview of surface water balance, which is a key tool for 

understanding the water cycle and managing water resources. Surface water balance involves 

measuring and analyzing the different components of the water balance equation, such as 

precipitation, evapotranspiration, runoff, total storage, and change in storage, to gain insights 

into the availability and distribution of water resources over time. The article discusses the 

various applications of surface water balance, including water resources management, flood 

forecasting, drought monitoring, climate change studies, and environmental studies. The 

challenges and limitations of surface water balance are also discussed, such as data 

availability and quality, spatial and temporal variability, and modelling complexity and 

uncertainty. Despite these challenges, surface water balance remains an important tool for 

understanding and managing water resources, and advancements in technology and 

modelling techniques are helping to improve its accuracy and effectiveness. 

 

Introduction 
 

Surface water balance is a critical concept in hydrology that refers to the quantitative 

assessment of the amount of water that enters and leaves a given catchment or surface water 

system. It involves the measurement of various components of the water cycle, such as 

precipitation, evapotranspiration, infiltration, and runoff, to determine the overall water 

budget of a particular watershed or water system. Understanding the surface water balance is 

essential for various water management and planning activities, including irrigation, urban 

water supply, flood control, and environmental conservation. This article aims to provide an 

in-depth discussion of the surface water balance, including its components, measurements, 

and applications. 

 

Components of the Surface Water Balance 
 

The surface water balance can be conceptualized as a simple equation that expresses the total 

amount of water that enters a given catchment or surface water system and the total amount 

that leaves it. Mathematically, the water balance equation is expressed as: 

 

P = E + T + R + ΔS 

 

where P is the precipitation, E is the evapotranspiration, T is the total amount of water that is 

stored in the catchment or surface water system, R is the runoff, and ΔS is the change in the 

amount of water stored in the catchment or surface water system over time. The different 

components of the water balance equation are discussed in detail below. 

 

 

 

 



Precipitation (P) 

 

Precipitation is the primary input into the surface water system. It includes all forms of 

moisture that fall from the atmosphere onto the earth's surface, such as rain, snow, sleet, and 

hail. Precipitation can be measured using various instruments, including rain gauges, snow 

pillows, and weather radars. Rain gauges are the most common instruments used to measure 

precipitation, and they work by collecting the amount of rainwater that falls within a specific 

area. Snow pillows are used to measure the snow-water equivalent, which is the amount of 

water that would be produced if the snow were to melt. Weather radars use electromagnetic 

waves to estimate the amount of precipitation in a given area. 

 

Evapotranspiration (E) 

 

Evapotranspiration is the process by which water is returned to the atmosphere from the 

earth's surface. It involves the combined effects of evaporation and transpiration. Evaporation 

is the process by which water is converted from its liquid state to its gaseous state, while 

transpiration is the process by which plants release water vapor through their leaves. 

Evapotranspiration is influenced by various factors, including temperature, humidity, wind 

speed, and vegetation cover. It can be measured using various techniques, including the 

lysimeter method, the Bowen ratio method, and the eddy covariance method. 

 

Total Storage (T) 

 

The total storage component of the water balance equation refers to the amount of water that 

is stored in the catchment or surface water system over time. It includes water that is stored in 

various forms, such as groundwater, soil moisture, and surface water. The amount of water 

stored in the catchment or surface water system is influenced by various factors, including 

climate, geology, topography, and land use. It can be measured using various techniques, 

including the water table observation method, the neutron probe method, and the soil 

moisture probe method. 

 

Runoff (R) 

 

Runoff is the portion of the precipitation that flows over the land surface and eventually 

enters a stream, river, lake, or other surface water body. It is influenced by various factors, 

including rainfall intensity, soil type, vegetation cover, and topography. Runoff can be 

measured using various techniques, including the stream gauging method, the velocity-area 

method, and the tracer method. 

 

Change in Storage (ΔS) 

 

The change in storage component of the water balance equation refers to the change in the 

amount of water stored in the catchment or surface water system over time. It can be either 

positive or negative, indicating whether the system is gaining or losing water over time. The 

change in storage component can be measured using various techniques, including the water 

balance method, the remote sensing method, and the hydrological modelling method. 

 

 

 

 



Measurement of Surface Water Balance Components 
 

The different components of the surface water balance can be measured using various 

techniques and methods, depending on the availability of data, the spatial and temporal scales 

of interest, and the level of accuracy required. Some of the common methods used for 

measuring the different components of the surface water balance are discussed below. 

 

Measurement of Precipitation 

 

Precipitation can be measured using various techniques, including rain gauges, weather 

radars, and satellite-based sensors. Rain gauges are the most common instruments used to 

measure precipitation, and they work by collecting the amount of rainwater that falls within a 

specific area. Weather radars use electromagnetic waves to estimate the amount of 

precipitation in a given area. Satellite-based sensors, such as the Tropical Rainfall Measuring 

Mission (TRMM) and the Global Precipitation Measurement (GPM), provide global 

coverage of precipitation with high spatial and temporal resolution. 

 

Measurement of Evapotranspiration 

 

Evapotranspiration can be measured using various techniques, including the lysimeter 

method, the Bowen ratio method, and the eddy covariance method. The lysimeter method 

involves measuring the amount of water that is lost through evapotranspiration from a 

specific area of land enclosed in a container called a lysimeter. The Bowen ratio method 

involves measuring the temperature and humidity gradients between the soil surface and the 

atmosphere to estimate the rate of evapotranspiration. The eddy covariance method involves 

measuring the turbulent fluxes of heat, water vapor, and carbon dioxide between the surface 

and the atmosphere using specialized instruments. 

 

Measurement of Total Storage 

 

The total storage component of the water balance equation can be measured using various 

techniques, including the water table observation method, the neutron probe method, and the 

soil moisture probe method. The water table observation method involves measuring the 

depth of the water table at specific locations in the catchment or surface water system. The 

neutron probe method involves measuring the amount of moisture in the soil using a neutron 

probe that emits and detects neutrons. The soil moisture probe method involves measuring 

the amount of moisture in the soil using a probe that measures the electrical conductivity of 

the soil. 

 

Measurement of Runoff 

 

Runoff can be measured using various techniques, including the stream gauging method, the 

velocity-area method, and the tracer method. The stream gauging method involves measuring 

the water level and flow rate of a stream or river using specialized instruments, such as a 

stream gauge. The velocity-area method involves measuring the velocity of the water and the 

cross-sectional area of the stream or river to estimate the flow rate. The tracer method 

involves adding a known amount of a tracer substance, such as a dye or a radioactive isotope, 

to the water and measuring its concentration downstream to estimate the flow rate. 

 

 



Measurement of Change in Storage 

 

The change in storage component of the water balance equation can be measured using 

various techniques, including the water balance method, the remote sensing method, and the 

hydrological modelling method. The water balance method involves accounting for the 

different components of the water balance equation and comparing the inputs and outputs 

over a specific period to estimate the change in storage. The remote sensing method involves 

using satellite-based sensors, such as the Gravity Recovery and Climate Experiment 

(GRACE) mission, to estimate the change in the amount of water stored in a catchment or 

surface water system over time. The hydrological modelling method involves using 

mathematical models to simulate the different components of the water cycle and estimate the 

change in storage over time. 

 

Applications of Surface Water Balance 
 

The surface water balance has various applications in hydrology, water resources 

management, and environmental studies. Some of the key applications of surface water 

balance are discussed below. 

 

Water resources management: Surface water balance is an important tool for managing water 

resources in a catchment or surface water system. It helps to identify the sources and sinks of 

water within the system and provides information on the availability and distribution of water 

resources over time. This information can be used to plan and implement various water 

management strategies, such as water conservation, irrigation, and flood control. 

 

Flood forecasting: Surface water balance can also be used for flood forecasting by providing 

information on the volume and timing of water flows in a catchment or surface water system. 

This information can be used to issue early warnings and alerts to communities and 

authorities to take appropriate measures to mitigate the impacts of floods, such as evacuations 

and flood-proofing measures. 

 

Drought monitoring: Surface water balance can also be used for monitoring drought 

conditions by providing information on the amount and distribution of water resources in a 

catchment or surface water system over time. This information can be used to assess the 

severity and extent of drought conditions and to develop strategies to mitigate the impacts of 

drought, such as water conservation and crop management practices. 

 

Climate change studies: Surface water balance can also be used for studying the impacts of 

climate change on the water cycle and water resources. By analyzing changes in the different 

components of the water balance equation, such as precipitation, evapotranspiration, and 

runoff, over time, scientists can gain insights into how climate change is affecting the water 

cycle and water resources in a specific region or globally. 

 

Environmental studies: Surface water balance can also be used for studying the impacts of 

human activities and land use changes on the water cycle and water resources. By analyzing 

changes in the different components of the water balance equation, such as land cover, 

precipitation, evapotranspiration, and runoff, over time, scientists can gain insights into how 

human activities and land use changes are affecting the water cycle and water resources in a 

specific region or ecosystem. 

 



Challenges and Limitations of Surface Water Balance 
 

Despite its many applications and benefits, surface water balance also has several challenges 

and limitations that need to be considered when using it as a tool for water resources 

management and environmental studies. Some of the key challenges and limitations of 

surface water balance are discussed below. 

 

Data availability and quality: One of the main challenges of surface water balance is the 

availability and quality of data required to measure and analyze the different components of 

the water balance equation. In many regions, especially in developing countries, there is a 

lack of data on precipitation, evapotranspiration, and other water balance components, 

making it difficult to accurately estimate water resources availability and distribution. 

 

Spatial and temporal variability: Another challenge of surface water balance is the spatial and 

temporal variability of the different water balance components within a catchment or surface 

water system. Precipitation, evapotranspiration, and runoff can vary significantly over space 

and time, making it difficult to accurately estimate water resources availability and 

distribution. 

 

Modelling complexity and uncertainty: Surface water balance also involves the use of 

mathematical models to simulate the different components of the water cycle and estimate the 

change in storage over time. These models can be complex and require significant expertise 

and computing resources to develop and run. Additionally, there is often uncertainty 

associated with the models' outputs, making it difficult to accurately predict water resources 

availability and distribution. 

 

Conclusion 
 

Surface water balance is an important tool for managing water resources and studying the 

water cycle and its impacts on the environment. By measuring and analyzing the different 

components of the water balance equation, such as precipitation, evapotranspiration, runoff, 

total storage, and change in storage, scientists and water managers can gain insights into the 

availability and distribution of water resources over time. However, surface water balance 

also has several challenges and limitations that need to be considered, including data 

availability and quality, spatial and temporal variability, and modelling complexity and 

uncertainty. 

 

Despite these challenges, surface water balance remains an important tool for understanding 

and managing water resources. Advances in remote sensing technology and data processing 

techniques are improving the accuracy and availability of data on water balance components, 

making it easier to estimate water resources availability and distribution over time. 

Additionally, the development of more advanced and sophisticated modelling techniques is 

helping to reduce the uncertainty associated with surface water balance modelling. 

 

Overall, surface water balance is a valuable tool for understanding and managing water 

resources in a changing climate and environment. By using this tool effectively, scientists and 

water managers can develop more effective strategies for conserving and managing water 

resources, mitigating the impacts of floods and droughts, and protecting the environment. 

 

 


