
Journal of the Faculty of Civil Engineering and Architecture - Vol. 41/2026 

39 
 

 

ESTIMATION OF EVAPORATION IN URBAN CONDITIONS 

Mladen Milanović1  
Dragan Milićević2  
Slaviša Trajković3  

Abstract  
Reliable method for estimating pan evaporation is essential for modelling precipitation, 

different water balance studies and water management, especially in conditions with 
prominent climatic changes, such are urban conditions. Four empirical equations 
(Stephens and Stewart, Griffiths, Kohler-Nordenson-Fox and Linacre 1994) are used for 
modelling pan evaporation in the urban area of Nis, Serbia. Also, all equations are modified 
using the nonlinear regression technique, and compared with measured Class A pan 
evaporation data. The results of statistical tests (coefficient of determination – R2, root 
mean square error – RMSE and mean absolute error – MAE) showed that Griffiths equation 
(before modification) has the best match with pan evaporation data (R2 = 0.698, RMSE = 
1.224 and MAE = 0.956). Stephens and Stewart equation, from all modified equations, 
achieves the best matching with the measured pan evaporation data (R2 = 0.866, RMSE 
= 0.787 and MAE = 0.588). 
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1. INTRODUCTION    
Evaporation is one of the main components of the water cycle. Reliable 

estimation of evaporation is important for water management and irrigation system 
planning, especially in urban conditions, i.e. in the conditions where the availability 
of water is scarce. Urban areas have a direct impact on evaporation. The main 
reasons for this are urban heterogeneity, caused by rapid and unplanned 
urbanization, and extreme values of meteorological parameters linked with their 
rapid changes. Different analysis of evaporation in urban areas were conducted 
[3,9,14]. 

There are wide variety of calculation techniques (trend analysis, machine 
learning, adaptive neuro-fuzzy inference system, empirical equations, etc.) which 
were applied for pan evaporation (Epan) modelling [1,6,7,11]. With a view to 
achieving as possible adequate Epan data, some of these techniques were 
additionally modified using methods such as: genetic, firefly, particle swarm and 
whale algorithms [6,7]. Three machine learning models together with four empirical 
models were used for the estimation of Epan for the Poyang lake watershed (China) 
[11]. The authors claimed that, of all the empirical models, the Priestley and Taylor 
is the most accurate model, while the gradient boosting decision tree model is the 
most accurate model than other machine learning models. Equations for modelling 
Epan can be very useful, but only for the conditions for which they were developed. 
In order to achieve reliable Epan data, researchers modify original equations using 
the different optimization techniques [4,13] 

The paper presents the analysis and modification of evaporation empirical 
equations for urban area. The modification of equations was conducted using the 
nonlinear regression method. In order to define the best equation, all equations were 
compared with the measured data. Statistical indicators were used for defining 
numerical relationship between modelled and measured Epan data.  

2. MATERIAL AND METHODS 

2.1. Study Area 
The study covers the city of Nis urban area. Nis, located in South-eastern part of 

Serbia, has a humid subtropical climate with continental influences. The warmest 
month is July, while the sunniest is August. January is the coldest month. The 
average annual air temperature for the Nis urban conditions is 11.9 °C. 

Several instruments were used for data collection, such as Class A pan 
evaporimeter, for measurement Epan, and automatic weather station, equipped with 
sensors for measurement: air temperature and relative humidity (HC2S3-L 
Temperature and Relative Humidity Probe, Campbell Scientific), wind speed and 
direction (05103-5 Wind Monitor RM Young, Campbell Scientific) and solar radiation 
(CS300-L Pyranometer, Campbell Scientific). The management of sensors is done 
using the datalogger (CR1000 Measurement and Control Datalogger, Campbell 
Scientific). Instruments are located in the Nis urban area (43°19’ N, 21°56’ E) with 
elevation of 197.2 m a.s.l. The study covers the period, on the daily level, from 17th 
July 2022 to 30th November 2022 and from 1st April 2023 to 30th November 2023.  



Journal of the Faculty of Civil Engineering and Architecture - Vol. 41/2026 

41 
 

2.2. Evaporation Equations  
Empirical equations for modelling pan evaporation were selected, and their 

methodology is presented below: 
Radiation based equations are presented with the Stephens and Stewart (S-S) 

equation [15]: 

Epan = (a + bTa) Rs  (1) 

where: Epan – pan evaporation (mm/day), Ta – mean air temperature (°C), Rs – solar 
radiation (mm/day), a and b – fitted coefficients (original values are 0.1 and 0.027, 
respectively). 

Temperature based equations are presented with the Griffiths (G) equation [5]:  
Epan = a + bTa + cU (2) 

where: U – wind speed (m/s), a, b and c – fitted coefficients (original values are -
3.504, 0.307 and 0.146, respectively). 

Mass transfer based equations are presented with the Kohler-Nordenson-Fox 
(KNF) equation [8]:  

Epan = 25.4(es − ea)a�b + cUp� (3) 

where: es - ea – vapour pressure deficit (inches), Up – wind speed at the standard 
pan installation (miles/day), a, b and c – fitted coefficients (original values are 
0.88, 0.37 and 0.0041, respectively). 

Combination based equations are presented with the Linacre 1994 (L1994) 
equation [10]: 

Epan = aTa−b+cU(Ta−Tdew)
d+eS

 (4) 

where: Tdew – mean dew point temperature (°C), S – slope of the psychrometric 
curve (mbar), a, b, c, d and e – fitted coefficients (original values are 21, 166, 6, 
28 and 46, respectively). 

2.3. Nonlinear Regression Method 
For a purpose of defining a suitable relationship between variables, nonlinear 

regression approach was applied. Multiple nonlinear regression, one of the nonlinear 
regression techniques based on the least square approach, is used for establishing 
quantitative relationship between dependent variable and independent variables, i.e. 
observed data are modeled using the function, which represents the nonlinear 
combination of model parameters [2,12]. The function directly depends on the 
independent variables. The multiple nonlinear relation is expressed as: 

Y = α0�X1
α1��X2

α2�… �X1
αn� (5) 

where: Y – dependent variable, α0, …, αn – equation parameters for the nonlinear 
relation, X1, …, Xn – independent variables 
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2.4. Evaluation Criteria 
Three statistical indicators (coefficient of determination (R2), root mean square 

error (RMSE) and mean absolute error (MAE)) were used for defining the 
performances of the analyzed equations. 

R2 = �∑ (ci−c�)(mi−m� )n
i=1 �

2

∑ (ci−c�)2n
i=1 ∑ (mi−m� )2n

i=1
 (6) 

RMSE = �1
n
∑ (ci − mi)2n
i=1  (7) 

MAE = 1
n
∑ |ci − mi|n
i=1  (8) 

where: ci – the ith calculated value, c  - the average value of the calculated data, 
mi – the ith measured value, m - the average value of the measured data, n – the 
total number of the data.  

3. RESULTS AND DISCUSSION 

3.1. The Performances of the Proposed Equations 
The analysis of statistical indicators, before modification, reveals that the G 

equation achieves the best matching with measured Epan values, i.e. the values of 
indicators are: R2 = 0.698, RMSE = 1.224 and MAE = 0.956. The worst matching 
with measured pan data was observed at KNF equation (R2 = 0.776, RMSE = 2.438 
and MAE = 2.143). Figure 1 stands out the S-S and G equations from the other 
equations as the usually closest to the observed data, i.e. the S-S overestimate the 
observed data during the summer months for both years, while the G equation 
underestimate observed data during the period november 2022 to june 2023 and for 
november 2023. Equations KNF and L1994 have a similar pattern of behavior, 
overestimate the measured Epan data for the entire analyzed period. 

 
Figure 1. Equations performances before modification 
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3.2. Comparison of the Modified Equations and Measured 
Evaporation 

A comparative analysis between original and modified equations shows that all 
equations are improved. The KNF is the most improved equation, i.e. the 
improvements of R2, RMSE and MAE are 6.8, 62.2 and 66.8 %, respectively. The 
modified G equation has the least improvements (4.7, 6.7 and 7.4 % for R2, RMSE 
and MAE, respectively) of all equations. Figure 2 displays that there is no significant 
dispersion at the modified S-S equation, except for the higher Epan values, where 
equation shows underestimation. Other equations indicate an overestimation for low 
Epan values, and an underestimation for the high ones. 

 
Figure 2. The measured versus the modified Epan values during the validation phase 

The results of statistical indicators for the modified equations, compared with the 
measured Epan, exhibit that equation with the best performances is the S-S equation, 
while the G is the worst, Table 1. According to Table 1, modified L1994 equations is 
on the second place. The values of the fitted coefficients for the S-S, a and b are 
0.2505 and 0.0102, respectively. 

Table 1. Statistical indicators of the four modified evaporation equations during the 
validation phase 

Equation R2 RMSE 
(mm/day) 

MAE 
(mm/day) 

S-S 0.866 0.787 0.588 
G 0.731 1.142 0.886 
KNF 0.828 0.922 0.711 
L1994 0.874 0.853 0.698 
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4. CONCLUSION 
Four empirical equations were used for defining pan evaporation in urban area. 

What is more, equations were modified using the nonlinear regression method. 
Based on the values of the statistical indicators, all equations are improved 
compared to the original ones. The analysis of evaluation criteria for validation phase 
indicated that the modified Stephans and Stewart equation achieves the best 
matching with the measured data. This result differs from the result before 
modification, where the Griffiths equation stands out as the best equation. 

Further study will be oriented towards the analysis of urbanization on 
evaporation. Also, a comparative analysis will be performed between complicated 
and simple equations, with minimal number of input data. 
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