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A simple formula for estimating net radiation using
temperature data and its effect on ET0 estimation

1. INTRODUCTION
In semi-arid regions, water use in irrigated agriculture
is a paramount issue for different aspects of water
resources management, such as planning and the
design of new irrigation districts and systems and
water distribution in the existing districts (MartinezCob and Tejero-Juste, 2004). Accurate knowledge of
crop water requirements is needed to deal with such
* Corresponding Author e-mail: akhob@ut.ac.ir
Department of Irrigation and Drainage Engineering, Aburaihan
Campus, University Of Tehran, Pakdasht, Iran

issues. Irrigation engineering widely makes use of
reference evapotranspiration (ET0) estimates to
predict crop water requirements. A large number of
methods have been developed for assessing ET0 from
meteorological data. The Penman-Monteith (PM)
equation has been proposed by the Food and
Agriculture Organization of the United Nations (FAO)
as the standard for estimating ET0 (Allen et al., 1998).
The PM equation has a strong theoretical basis and
has proven to accurately estimate daily and hourly
measured ET0 worldwide (Jensen et al., 1990; Allen et
al., 1994). The details of the PM equation are provided
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Riassunto: La conoscenza del valore di radiazione netta (Rn) è fondamentale per il calcolo dell’evapotraspirazione da
coltura di riferimento attraverso l’uso dell’equazione di Penman-Monteith presentata nel quaderno FAO 56 (FAO56PM). Generalmente non si dispone di misure dirette di Rn che viene stimato attraverso formule basate su altre variabili
atmosferiche. Il quaderno FAO 56 propone un metodo di stima basato sul temperatura dell’aria, umidità relativa e
radiazione solare. Tuttavia, la disponibilità di dati di umidità relativa e radiazione solare è limitata e tali misure sono
spesso soggette ad errori a causa di guasti tecnici o per problemi di altra natura. Questo lavoro presenta i risultati di
un tentativo di predizione di Rn basato esclusivamente sulle misure giornaliere di temperatura massima e minima
dell’aria. Le prestazioni del modello vengono comparate con quelle del metodo del quaderno FAO 56, basato su
radiazione solare, umidità relativa e temperatura dell’aria. La serie meteo della stazione di Ahwaz, nel Sud-Est Iran,
sono stati usati per lo sviluppo e la valutazione del modello. Lo studio dimostra che il modello proposto fornisce stime
accettabili in confronto al modello FAO 56, ottenendo, nel confronto con quest’ultimo, un RMSE pari a 1.4 MJ m-2 d-1
ed un R2 di 0.83. Si dimostra inoltre che il modello non presenta nÈ sovrastime nÈ sottostime nel range di valori
osservati. L’analisi indica inoltre che le differenze nella stima di Rn fra i due approcci hanno conseguenze marginali nella
stima di ET0 usando l’equazione FAO56-PM. Si segnala tuttavia che, dal momento che il modello è stato calibrato e
valutato esclusivamente sul dataset di una singola stazione, l’applicazione dello stesso modello in altri ambienti è al
momento da verificare. Per tale ragione nel prossimo futuro si procederà alla validazione della metodologia in altri
ambienti.
Parole chiave: radiazione netta, evapotraspirazione, FAO-56, pianura di Khuzestan, Iran.
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Abstract: Net radiation (Rn) parameter is necessary for calculating reference evapotranspiration (ET0) by FAO-56
Penman- Monteith (FAO56-PM) equation. Direct measurements of Rn are not done and Rn is generally estimated from
other weather data. FAO-56 has suggested a method of estimating Rn from temperature, relative humidity and solar
radiation. However, measured relative humidity and solar radiation data are rarely available and are often subject to
error due to equipment failure and other problems. Thus, this article presents the outcome of an attempt made to
predict the Rn directly based on the measured values of maximum and minimum air temperature only. In this work,
the performance of the created model was compared with the FAO-56’s methodology that uses incident solar radiation,
relative humidity and temperature data for the assessment of Rn. Data for Ahwaz station, southwest of Iran, were
used for creating and evaluating new model. The study demonstrated that the new model made acceptable estimates,
in comparison with FAO-56’s model as a reference method. RMSE and R2, for the comparison between reference and
estimated Rn, were calculated 1.4 MJ m-2 d-1 and 0.83 respectively. It is also demonstrated that neither remarkable
overestimations nor underestimations are made in the range of the values studied. Our analyses also indicate that
differences in daily Rn between the different procedures have fewer effects on the estimated ET0 by using FAO56-PM
equation. However, due to use of one weather station for calibrating and evaluating, the application of our model for
other locations is questionable. It would be suitable to be validated our methodology for other locations.
Keywords: net radiation, reference evapotraspiration, FAO-56, Khuzestan plain, Iran.
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in the FAO’s Irrigation and Drainage Paper no. 56
(Allen et al., 1998).
The net radiation (Rn) is one of the required variables in
the FAO-56 PenmanñMonteith (FAO56-PM) method.
The Rn is the difference between the incoming net
shortwave radiation (Rns) and the outgoing net long wave
radiation (Rnl) (Allen et al., 1998). But measuring each of
these components requires expensive equipment. As a
result, Rn cannot be measured directly in most
meteorological stations. Hence Allen et al. (1998) in the
FAO Irrigation and Drainage Paper No. 56, proposed a
method for calculating Rn (this method is referred to
hereafter as FAO56-Rn). Accordingly, for obtaining Rn
based on FAO56-Rn method, relative humidity (RH),
sunshine duration (n) or solar radiation (Rs) and air
temperature (T) should be measured in the
meteorological stations. They also recommended using
Angstrom formula (Angstrom, 1924) when Rs is
restricted. Angstrom formula relates Rs to extraterrestrial radiation and relative sunshine duration.
Extraterrestrial radiation can be calculated theoretically
for a certain day and location; therefore, only actual
duration of sunshine needs to be measured in
meteorological station. The air temperature data are
available and accurately measured at most of weather
stations worldwide. However, RH and Rs (or actual
sunshine duration in angstrom formula) data are not as
readily available as air temperature data are. Even at
stations where these parameters are observed, there
could be many days when these data are missing or lie
outside the expected range due to equipment failure and
other problems. These problems could be one of many:
calibration problems, problems with dirt on the sensor,
accumulated water, shading of the sensor by masts, etc
(Abraha and Savage, 2008). Hence, it is desirable to have
a method that estimates Rn based on temperature data.
In this study we developed a method for estimating Rn
using principles that have been utilized by Hargreaves
and Samani (1982) to develop the estimates of Rs. They
recommended a simple equation using only air
temperature. They believed that the difference between
the maximum and minimum air temperature is related to
the degree of cloud cover in a location. Clear-sky
conditions result in high tem-peratures during the day
(Tx) because the atmosphere is transparent to the
incoming solar radiation and in low temperatures during
the night (Tn) because less outgoing long wave radiation
is absorbed by the atmosphere. On the other hand, in
overcast conditions, Tx is relatively smaller because a
significant part of the incoming solar radiation never
reaches the earth’s surface and is absorbed and reflected
by the clouds. Similarly, Tn will be relatively higher as the
cloud cover acts as a blanket and decreases the net
outgoing long wave radiation. Therefore, the difference

between the maximum and minimum air temperature
(Tx−Tn) can be used as an indicator of the fraction of
extraterrestrial radiation that reaches the earth’s surface
(Allen et al., 1998). Consequently, according to these
relations, the hypothesis in this study is that the
difference between the maximum and minimum air
temperature can be a good indicator to estimate the Rn.
Therefore, the objective of this study was to create a
relationship to estimate the Rn, using only the
difference between maximum and minimum daily air
temperature. For evaluating the created model, its
results were compared with the FAO56-Rn method
results by Allen et al. (1998) as a reference method. The
objective for such comparison is to investigate the
impact of the created net radiations on estimation ET0
by the FAO56-PM method. The use of different
estimations may introduce bias in ET0 estimations.
2. MATERIALS AND METHODS
2.1. Study area and data collection:
Daily measured weather data for a 10-year period from
1994 to 2003 were obtained from the Ahwaz weather
station (latitude 31º20’N, longitude 48º40’E, elevation
22.5 m) located in the Khuzestan plain in the southwest
of Iran (Fig. 1). The climate in the study area is semiarid with an average annual rainfall of 220 mm,
approximately 80% of which occurs during November
through April. The minimum and maximum air temperature range from 23.4 to 48.2 °C and 6.48 to 30.2
°C in summer and winter months, respectively. The
average annual temperature is around 26.4 °C, the
annual average sunshine is about 3209 h, and the daily
mean relative humidity ranges from 17 to 85% with an
annual average of 41.5%. The Rs was found to vary
between a minimum of 0.01 to a maximum of 36.43
MJ m-2 d-1, and the annual-mean-daily is about 17.33

Fig. 1 - The location of the Ahwaz Station in Khuzestan.
Fig. 1 - Posizione della stazione di Ahwaz, Khuzestan.
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values were plotted against the sunshine duration on
the same day. As in Fig. 2b can be seen, there are days
with more than n ≥ 6 hours while at the same day, Rs is
lower than 5 MJ m-2 day-1. There are also days with
n≤ 5 hours while on the same day, Rs is more than 15 MJ
m-2 day-1. After the determination of these days, their
pair sunshine duration and solar radiation values were
compared with those of the day before and afterward.
If consistent was observed, then the questionable data
were removed from data sets.

2.2. Climate Data Quality
and Integrity Assessments
Data integrity was evaluated using methods similar to
those suggested by Allen (1996). Daily Tx , Tn, RHm
and U2 values were compared with the long-term
extremes and did not indicate any major deviations. In
order to check the integrity of the solar radiation
measurements, Allen (1996) indicated that it can be
evaluated by plotting daily measured solar radiation (Rs)
readings against computed short wave radiation
expected under clear sky conditions (Rso). In a
completely clear day, the values of Rs should closely
follow the values of Rso so the computed Rso is as an
upper envelope of the measured Rs. The daily
measured Rs and Rso for the Ahwaz station were plotted
in Fig. 2a as a function of the day. It is clear in fig. 2a that
the measured Rs is not compatible well with the
calculated Rso data, and the Rs data was measured larger
than Rso data on a particular day. This issue usually
happens when the device is not calibrated. Therefore,
the days that the measured Rs were larger than the
calculated Rso data were removed from the patterns. In
order to assure high data quality levels, the measured Rs

2.3. Development of the Simplified model
for estimating net radiation:
According to Hargreaves and Samani (1982), there is a
certain relationship between [Ra (Tx − Tn)] and
components of net radiation (Rnl and Rs). It is based on
the fraction of daily total atmospheric transmittance of
the extraterrestrial solar radiation (Ra), which is
determined as the difference between maximum and
minimum air temperature (Tx and Tn) during the day.
On the other hand, there is a non-linear relationship
between Rs and [Ra (Tx − Tn)] on the Hargreaves
equation. Therefore, in this study, it was tested that a
non-linear relationship can be created between Rn and
[Ra (Tx −Tn)] parameters. In other words, Rn can be
estimated instead of Rs using the modified exponent
and coefficient of Hargreaves equation. The main
purpose of this study was assessing this assumption.
Thus, the following nonlinear equation was used:
(1)
where a and b are the model parameters. The
parameter b describes the influence non-linearity
between Rn and the [Ra (Tx ñ Tn)]. Theoretically, Eq. 1
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MJ m-2 d-1. The meteorological data used in this study
consisted of daily observations of maximum and
minimum air temperature (Tx and Tn), daily global solar
radiation (Rs) and mean daily relative humidity (RHm),
daily sunshine hours (n) and mean daily wind speed
(U). Measurements were made at a height of 2 m (air
temperature and relative humidity) and 10 m (wind
speed) above the soil surface. Wind speed data at 2 m
(U2) were obtained from those taken at 10 m using the
log-wind profile equation.
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Fig. 2 - Assessing integrity of measured Rs for the period studied at the Ahvaz station: a) assessing Rs data with Rso data and
b) Assessing Rs data with actual solar duration (n).
Fig. 2 - Verifica della qualità della Rs misurata per il periodo in esame ad Ahvaz: a) confronto fra Rs e Rso b) confronto fra
Rs e lunghezza effettiva del giorno (n).
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predicts Rn from only Tx and Tn because Ra is calculated
theoretically, as stated earlier. The following power
equation was used to calibrate the above equation:
(2)
where Y is the dependent variable, stands for Rn/Ra and
X is the independent variable, stands for (Tx − Tn). To
calibrate the Eq. 2, daily Rn values were computed
using FAO56-Rn method and were used as measured
data. With known sets of values of Y and X for a long
period, the coefficient “a“ and exponent “b“ were
determined using regression analysis based on the least
squares method. In this study, data set (3146 patterns)
was divided into two parts: The first part (2490 patterns,
from 1994 to 2001) was used for calibrating and the
second part (656 patterns, from 2002 to 2003) was used
for testing the created model.
2.4. Estimating net radiation using FAO-56
methodology (FAO56-Rn)
In this work, the performance of the created model was
compared with the well known FAO-56 methodology
proposed by Allen et al. (1998) that uses incident solar
radiation, relative humidity and temperature data for
the assessment of Rn. In FAO-56 methodology, Rn is
calculated as the difference between incoming net
short-wave radiation (Rns) and the outgoing net longwave radiation (Rnl). The net short-wave radiation
results from the balance between incoming and
reflected solar radiation. The model created in this
study for estimating Rn was calibrated and tested with
using the conventional FAO-56 methodology. The
FAO56-Rn equations for calculating daily Rns, Rnl, and
Rn can be expressed, repectively, as follows:
(3)
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(5)
where Rns is the net short-wave radiation (MJ m2 d-1); α
is the albedo of the surface (= 0.23 for green vegetation
surface); Rnl is the net long-wave radiation (MJ m2 d-1);
Rs is the incoming solar radiation (MJ m2 d-1); σ is the
Stefan–Boltzmann constant (4.903 10-9 MJ K-4 d-1); Tx
is maximum absolue temperature during the 24-hour
period in kelvin (=oC+273.16); Tn is minimum absolue
temperature during the 24-hour period in kelvin
(=oC+273.16); ea is the actual vapour pressure (kPa);
Rso is the clear sky radiation (MJ m2 d-1) and Rs/Rso is
the relative shortwave radiation (limited to ≤1). Three
models proposed by Allen et al. (1998) to compute the
parameter of ea according to the available weather
data. In this study, measured RHm, Tx, and Tn values

were used to calculate ea. the clear sky radiation, Rso
was calculated from the following equation (Allen et
al., 1998):
(6)
where Z is station elevation above sea level (=22.5 m in
Ahvaz station) and Ra is the extra terrestrial radiation
(MJ m2 d-1). The daily extra terrestrial radiation Ra was
calculated as (Allen et al., 1998):
(7)
where, Gsc is the solar constant (=0.0820 MJ m2 d-1), dr
is the inverse relative distance between Earth-Sun, ωs is
the sunset hour angle (radians), φ is the latitude of the
site (radians) and δ is the sun declination (radians). dr is
computed using the following equation by Duffie and
Beckman (1980), also given in Allen et al. (1998):
(8)
where J is the sequential day of the year (starting 1
January) and the angle (J × 2π/365) is in radians. Values
for dr range from 0.97 to 1.03 and are dimensionless.
ands were calculated by the following equations (Allen
et al., 1998):
(9)
(10)
where all the variables have been previously defined.
2.5. FAO56 Penman - Monteith
(Allen et al., 1998)
To study the effect of using different methods to
estimate the net radiation on ET0, the both obtained Rn
by FAO56-Rn and created method along with Tx, Tn,
RH, and wind speed were used to calculate ET0. It
means, that the only variable that changed to calculate
the ET0, was the estimated Rn by both different
methods. The FAO56-PM equation for estimating ET0
on a daily basis has the form:
(11)
where ET0 is the reference crop evapotranspiration
(mm d-1), Δ is the slope of saturation vapor pressure
versus air temperature curve (KPa °C-1), Rn is the daily
net radiation at the crop surface (MJ m-1 d-1), G is the
soil heat flux density (MJ m-1 d-1), γ is the
psychrometric constant (Kpa °C-1), T is the mean daily
air temperature at height of 2 m (°C), U2 is the wind
speed at a height of 2 m (m s-1), es is the saturation
vapor pressure (Kpa), and ea is the actual vapor
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3. RESULTS AND DISCUSSION
3.1. Calibration of equation 2:
period 1994-2001
To calibrate Eq. 2 for estimating Rn, a scatter of Rn/Ra
versus the difference between Tx and Tn was made (Fig.
3). In this case, the whole set of calibration data (data
from 1994 to 2001) were used. As seen from the fit line
equation (assume that the equation is y = axb) in the
scatter plots the coefficients of a and b are 0.075 and
0.489, respectively. According to this figure, it was
revealed that the relationship between Rn/Ra and Tx ñ
Tn was relatively high with an R2 of 0.52, which means
that approximately 52% of the variations in Rn/Ra factor
are nonlinearly related to the difference between the
maximum and minimum air temperature data. Using
the Eq. 1 with Tx − Tn and Ra as variables, the following
relationship for estimating Rn was found:
(12)

not used for the calibration. Fig. 4 shows a comparison
of Eq. 12-Rn and FAO56-Rn in a 1.1 plot. The statistical
indices presented in the graph were used to evaluate
the performance of equation 12. According to this
figure, it was revealed that the performance of the Eq.
12-Rn was quite good with a R2 of 0.83. The RMSE is
generally low (with a RMSE of 1.4 MJ m-2 d-1,
equivalent to a relative error under 15%), indicating
that for the created method the systematic error is
small. The slope of the straight line in created model
(=1.03) is nearly close to one, and with an R of 1.03
produces a small overestimation (3%). These results
verify that the created model can be used to estimate
daily net solar radiation values for different days. Fig. 5
shows the comparison between daily net radiation
values calculated by FAO56-Rn and Eq. 12-Rn for both
years’ data under testing of the created model. It can be
seen that the evolution is similar and one line is
practically superimposed over the other.

nota tecnica

pressure (kPa). Parameters were calculated using the
equations provided by Allen et al. (1998). The soil heat
flux is ignored (G=0) in daily applications.

Fig. 3 - Regression result on the temperature difference
data versus ratio of the daily values of Rn/Ra.
Fig. 3 - Risultato della regressione fra variazione di temperature
valori giornalieri del rapporto Rn/Ra.

Fig. 5 - Evolution of daily Rn values, calculated by FAO56Rn method and those estimated by Eq. 12-Rn equation
during the test period.
Fig. 5 - Evoluzione dei valori giornalieri di Rn, calcolati
rispettivamente con FAO56-Rn ed Eq. 12 per il periodo in
esame.
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Fig. 4 - Comparative results of the estimated net radiation
by FAO56-Rn and Eq. 12-Rn methods during the test period.
Fig. 4 - Confronto fra la radiazione netta stimata con il
metodo FAO56-Rn e con il modello proposto (Eq. 12) per il
periodo in esame.
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3.2. Comparison of Rn methods:
period 2002-2003
The Rn values estimated by the created method
constructed here (Eq. 12-Rn) were compared with
FAO56-Rn estimates for testing data set. The crated
method was taken as independent variable and the
estimations made using FAO56-Rn method, as the
dependent variable. The test data set had a total of 656
days (daily weather data from 2002 to 2003) that were
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Fig. 6 - Scatter plots of the daily ET0 values calculated from
different net radiation methods during the test period.
Fig. 6 - Scatter plot dei valori giornalieri di ET0 calcolati con
i due metodi di stima della radiazione netta per il periodo in
esame.
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3.3 Effect of the estimated Rn methods on the accuracy
of the calculated ET0
Fig. 6 shows a scatter plot of the ET0 values computed
from the estimated net radiations by using FAO56-Rn
and Eq.12- Rn for test data sets. As Fig. 6 shows, there
is a very good correlation between the ET0 computed
with these estimated Rn methods. The use of new
created model for estimating Rn did not introduce a bias
in ET0 estimations. In this case, all ET0 data appear to
be well distributed along the 1:1 line. A good correlation
was observed in this case, with a R2 0.98. The RMSE
amounted to 0.39 mm d-1 for computing ET0 using
estimated Rn of the created method. The RMSE is
generally low, indicating that for this method the
systematic error is small. The RE and R were obtained
6% and 1.01 respectively. Therefore, in fig. 6, it is clear
that neither overestimations nor underestimations are
produced in the range of the values studied.
4. CONCLUSIONS
For Ahwaz station in a semi-arid environment of Iran,
the potential of the created model for estimating net
radiation and effect on calculated ET0 using air
temperature data has been illustrated in this article. The
created model containing maximum and minimum air
temperature and extraterrestrial radiation were developed and compared with the FAO56 methodology
that uses incident solar radiation, relative humidity and

temperature data. The study demonstrated that
modeling of daily net radiation is possible through the
changed power and coefficient of the Hargreaves
equation and the use of air temperature data. The
comparison results indicated that, modeling daily Rn
through the created method gave acceptable estimates.
However, the use of these different estimations did not
introduce a bias in ET0 estimations.
In our study area, there is only one weather station
measuring solar radiation (Ahvaz station), hence the
created model at only one site was calibrated and
evaluated. Therefore, the application of this model for
other locations is questionable. It would be suitable to
be validated our methodology for other locations that
have more solar measurement stations to confirm our
results.
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