


   OPEN ACCESS Asian Journal of Applied Sciences

ISSN 1996-3343
DOI: 10.3923/ajaps.2017.10.17

Research Article
Parameterization of the Downward Long Wave Radiation under
Clear-sky Condition in Baghdad, Iraq

Alaa M. AL-Lami, Ali M. AL-Salihi and Yaseen K. AL-Timimi

Department of Atmospheric Sciences, College of Sciences, Al-Mustansiriyah University, Baghdad, Iraq

Abstract
Objective: The purpose of this study is to evaluate the performance of seven downward long wave radiation models under clear-sky
condition and to propose a locally modified equation. Methodology: The observed vapor pressure and air temperature data, downward
long wave radiation and the atmospheric parameters were measured within the period, from 1st October, 2014 to 31st September, 2015
at a solar radiation station installed at the experimental site in Baghdad, Iraq. Results: The comparative statistics for the performance of
the downward long wave radiation model calculations during day-time and night-time have shown that the parameterizations have the
best results compared to the measured data. The locally proposed equation showed errors not greater than 1.1%, in comparison with
the measured values, the models were used for estimating the apparent emissivity of the locally calibrated atmosphere. The percentage
mean relative error and the root square errors obtained from calibrated equations were equal to 5.9 and 1.4%, 28.3 and 7.3 W mG2  for
Idso and Jackson, Sugita and Brutsaert equations, respectively. Conclusion: It was found that the errors obtained basically reduced with
the standardization performed and those calculations of the downward long wave radiation with the same output results are far more
accurate than those made with the calibrations originally proposed. Finally, the locally examined equation can be used to estimate
downward long wave energy, needed as input to most agricultural and hydrological models in some regions  of  Iraq,  where  this
parameter is not measured.
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INTRODUCTION

Long wave radiation is an important component of the
energy balance of the earth’s surface. Net radiation is a critical
component of the surface energy budget1-3. Enhanced
estimation of net radiation using reliable downward long
wave radiation (DLR) values will contribute to a better
understanding   of   the   surface   energy   budget   and   will
result  in  improved  characterization  of  evapotranspiration
for many applications in hydrology, climatology, biology and
ecology4.

Long wave radiative fluxes have generally received less
attention than the short wave fluxes, partially due to
difficulties and the costs associated with an accurate long
wave radiation measurements and it is also due to a lack of
measurable atmospheric parameters, which long wave
radiation is dependent upon, such as cloud cover5-7. Unlike
short wave radiation, incoming long wave radiation is not
readily measured at automated weather stations.

Lacking the required data and measurements, DLR can be
calculated using screen height measurements of air vapor
pressure and temperature from weather stations via simple
physical or empirical models8-12. More reliable DLR estimation
can be obtained from the radiative transfer models, such as
MODTRAN13. However, required input data, such as the vertical
profiles of temperature and air vapor are not typically
available14,15.

Many researches have been done to develop various
approaches in order to estimate atmospheric radiation. In
spite of the recent advances in the area of measurement
technology, there is noticeable interest in determining the
DLR from the available meteorological measurements, which
is emitted by the atmosphere and clouds, such as the air
temperature  and  vapor  pressure  near  the  ground  surface2.
The research studies of the surface energy balance are often
intricate, due to the various uncertainties associated with the
estimation of a downward long wave radiation at the surface3.
Accurate estimates of the surface radiation balance, which
regulates the values of the surface energy balance
components, depend on proper estimates of the downward
long wave radiation. An instrument that measures directly the
downward long wave radiation is the pyrgeometer, which is
expensive and sensitive, in comparison with the pyranometer,
which is used to measure the incoming short wave radiation16.
The DLR is the surface radiation balance component that is
rarely available at meteorological stations17. Thus, in recent
years, many techniques have been developed to estimate DLR,

where there are no pyrgeometers, the estimations are based
only on surface observations. These methods have presented
varied accuracy and new techniques are being developed on
a regional scale3,17.

The main disadvantage of previous studies on this subject
is that they did not perform systematically in other locations,
since they applied or made use of local empirical coefficients.
This is mainly caused by the significant variation of the
coefficients in those models, due to the variability of air
temperature and water vapor pressure, which in turn, resulted
from the spatial change in the land use pattern and from
temporal changes in atmospheric circulation. At land scale,
human activities affect the regional climate by changing the
land use characteristics that affect the distributions of the
ecosystems, energy  (latent and sensible heat) and mass fluxes
(for  example,  water  vapor,  trace  gases  and  particulates).
These contrasting land use patterns induce convection and
circulation, which affect the cloud formation and precipitation.
For example, when large areas of forest are cleared, reduced
transpiration results in less cloud formation, less rainfall and
increased drying of the earth’s surface17. Previous studies
carried out on the measurement of some radiation
components (incoming short wave radiation or net energy
balance) focused on specific land use type, such as grass, short
vegetation, bare soil, forest and few crops, but disregarded the
urban areas and water-covered areas18-20.

In Iraq, there is a shortage in research studies related to
analyzing and proposing an empirical equation in order to
estimate the DLR. Thus, the main objective of this study is to
assess the performance of DLR equations under clear-sky
conditions, in order to develop an equation using the
measured data at an experimental site in the Al-Mustansiriyah
University solar station, for the semiarid region of the capital
of Baghdad.

MATERIALS AND METHODS

Experimental site and measurements: The radiation and
atmospheric parameters were measured every 15 min within
the period from 1st October,  2014 to 31st September,  2015,
at the solar radiation station and an automatic weather station
(DAVIS VANTAGE PRO2) was installed on the roof building of
the Atmospheric Sciences Department in Al-Mustansiriyah
University (33E08'44”N, 44E05'53”E, altitude 56 m) as shown in
Fig. 1. The sensor specifications which measure DLR and
global  radiation,  referred  to  as  a  pyrgeometer  and
pyranometer21 respectively are tabulated in Table 1.
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Fig. 1: Ground-based multifunctional radiometric station at Al-Mustansiriyah site

The study region is Baghdad city. It is the capital and the
main administrative center of Iraq. Baghdad is located in the
central part of Iraq on both sides of the Tigris river. The climate
of the Baghdad region (which is part of the plain area at the
central part of Iraq and has same climatic characteristics) may
be defined as a semi-arid, subtropical and continental, dry, hot
and long summer, cool winters and short springs. Rainfall is
very seasonal and occurs in the winter from October-May, the
average annual rainfall is 120 mm. The maximum temperature
recorded in summer was 51EC, while the minimum was -4EC.
The average maximum temperature for the last 30 years is
30.8EC and the average minimum temperature is 15.5EC for
the  same  period.  The  daily  average  of  sunshine  duration
is 9.6 h and the daily incoming radiation is 4.7 k Wh mG2. The
total average annual sunny hour during one complete year is
about 3500 h.

Methodology: The Stefan-Boltzmann law for the radiation
emission of any body at a temperature T (K), DLR (W mG2),
coming from the near-surface layer of the atmosphere may be
written as Eq. 1:

DLR = gaσT4 (1)

where,   T   is   the   air   temperature   near-surface   (K),   ga   is
the      emissivity      of      the      clear-sky      atmosphere      and
F = 5.6705×10G8 W mG2 KG4 is the Stefan-Boltzmann constant.
According to Duarte et al.15 and Kruk et al.17, Eq. 1 is inspired by
Stefan-Boltzmann’s law for the radiation emitted by a grey
body, at uniform temperature. All the equations analyzed in
this study made the assumption that g is a function of
temperature and/or vapor pressure near the ground. Several

Table 1: Specifications of the CGR3 and CPM11 sensors
Specifications CGR3 CMP11
Spectral range (overall) 4500-42000 nm 285-2800 nm
Sensitivity 5-15 µV WG1 m2 7-14 µV WG1 mG2

Response time <18 sec <5 sec
Window heating offset <15 W mG2 <7 W mG2

Zero offset B <4 W mG2 <2 W mG2

Temperature dependence of <5% <1%
sensitivity (-10 to +40EC) -40 to +80EC -40 to +80EC
Operational temperature range
Net irradiance range -250 to +250 W mG2 0-4000 W mG2

Field of view 150E 180E

Table 2: Emissivity of clear-sky parameterizations based on air temperature (T, K)
and water vapor pressure (ea, Pa), suggested by different researchers

No. of
Author  Equation equation
Swinbank22  ga = 9.365×10G6T2 2
Idso and Jackson9  ga = 1-0.261 exp[-7.77×10G4 (273-T)2] 3

Brutsaert1 4
1

7
a

a
a

e
0.643

T

 
    

 

Idso23 57
a a

1500
0.7 5.95 10 e exp

T
       

 

Sugita and Brutsaert2 6
0.0687

a
a

a

e
0.714

T

 
    

 

Duarte et al.15 7
0.131

a
a

a

e
0.625

T

 
    

 

Kruk et al.17 8
0.202

a
a

a

e
0.576

T

 
    

 

authors have proposed different models for calculating ga.
Seven popular ga formulations and those developed by
Swinbank22, Idso and Jackson9, Brutsaert1, Idso23, Sugita and
Brutsaert2, Duarte et al.15 and Kruk et al.17 were tested against
the DLR measured data on the experimental site. An analysis
of the clear-sky models’ consistency proposed by mentioned
researchers are presented in Table 2.
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A sample of 12 clear-sky days (1152 data point) was
selected. These days represented the Fractional Cloud
Coverage (CLF), calculated by employing Eq. 9, less than or
equal to 0.05. Since the presence of clouds significantly
increases the total effective emissivity of the sky, modifications
must be made to the existing clear-sky formulations.
Deardorff24 used a fairly simple cloud modification, which
involves introducing a cloud fraction term (CLF). In the present
study, CLF was defined by:

CLF = 1-S (9)

where, S is the ratio of the measured solar irradiance to the
clear-sky irradiance. The clear-sky short wave irradiance I at the
ground was calculated using a previously developed model
based on the results of Paltridge and Platt25, Meyers and
Dale26. This quantity was approximated given by Eq. 10:

I = Io (cos Z) TR Tpg Tw Ta (10)

where, Io is the effective solar constant, Z is the solar zenith
angle and Ti is the transmission coefficients for Rayleigh
scattering R, absorption by permanent gases pg and water
vapor w and absorption and scattering by aerosols a.

The effective solar constant (W mG2) is given by Eq. 11:

(11)
2

o

r
I 1370

r

 
   

 

where, r̄ and r are the average and daily distances between the
sun and the earth, respectively. The cosine of the solar zenith
angle is represented by Eq. 12:

Cos Z = sinγ sinδ+cosγ cosδ cosH (12)

where, γ represents the latitude of the station, δ is the solar
declination and H is the hour angle. The hour angle Eq. 13 is:

(13) noonH t t
12

   
 

where,  tnoon  is the local solar noon. The empirical expression
for  the  product  of  the  first  two  transmission  coefficients27

Eq. 14 is:

TR Tpg = 1.021-0.084 [m (0.000949p+0.051]0.5 (14)

where, p represents the pressure in millibars and m is the
optical  air  mass  at  p  =  1013  mb,  given  by  m  =  35  cos  Z
(1224 cos2 Z+1)G0.5. The third coefficient28 Eq. 15 is:

Tw = 1-0.077 (um)0.3 (15)

where, u represents the perceptible water given by:

u = exp[0.113-ln (G+1)+0.0393Td]

where, Td is the dew point (oF) and G is an empirical constant
dependent upon time of the year and latitude. The fourth
transmission coefficient26,29 is given by Eq. 16:

Ta = 0.935m (16)

Once I was calculated from Eq. 10, direct observations of
solar irradiance were used to calculate S and CLF in Eq. 9.
Inclusion of the effects of clouds yields given in Eq. 17:

DLR = [CLF+(1-CLF)gc]σT4 = gσT4 (17)

Statistical indicators for evaluating the performance of the
tested and proposed models are given in Table 3. For each
parameterization, the calculated value of DLR, which is
denoted by c was compared with the measured values, which
is denoted by m. The statistical analysis includes bias (BIAS),
Root Mean Square Error (RMSE), Mean Absolute Error (MAE)
and Percent Mean Relative Error (PMRE)30.

RESULTS AND DISCUSSION

The calculated DLR data was evaluated by employing the
Eq. 2-8 according to the statistical criteria previously
mentioned as shown in Table 3. It involves the experimentally
measured downward short wave radiation S vapor pressure
and temperature, in order to adjust an Eq. 18 under clear-sky

Table 3: Statistical  indicators  for  evaluation  of  the  parameterization
performances

Statistical indicator Symbols  Calculation formula

Bias BIAS
n

i i
i 1

1
(c m )

n 



Root mean square error RMSE
n

2
i i

i 1

1
(c m )

n 



Mean absolute error MAE
n

i i
i 1

1
c m

n 



Percent mean relative error PMRE
n

i i

i 1 i

100 c m

n m



Correlation coefficient CC

n

iii i
i 1

n n
0.5

iii i
i 1 i 1

(c c )(m m )

r
[( (c c ))( (m m ))]



 

 


 



 
The suffixes c, m and n denotes the mean calculated, measured and number of
observations, respectively
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conditions, using a measured vapor pressure and temperature
data from the experimental site of Al-Mustansiriyah University
in Baghdad, Iraq as shown in Fig. 2.

The locally investigated Eq. 18 is:

(18)
0.3009

a
a

a

e
0.492

T

 
   

 

The linear regression method employed in order to
investigate the correlation between the calculated and
measured DLR for clear-sky condition days are illustrated in
Fig. 3. All tested models presented more than one slope, these
results indicate overestimation, except for the model
proposed by Sugita and Brutsaert2 and Eq. 18. Whereas, the
proposed models by Swinbank22 and Idso and Jackson9, which
depend on air temperature only do not employ the vapor
pressure as a measure of the humidity effect on atmospheric
path length. It presented slope values of 1.19 and 1.11,
respectively that point to further overestimation.

Figure 3 shows the comparisons between DLR calculated
by Eq. 18, that is locally produced equation and the measured
DLR on clear-sky days. The least square linear regression
presented slope value of 0.98, indicating underestimation and
showing similar results when compared with those presented
by Brutsaert1, Sugita and Brutsaert2 and Prata11 models.

Table  4  shows  the  comparative  statistics  for  the
performance of the eight downward long wave clear-sky
computational models, compared to measured data from the
experimental site in the Al-Mustansiriyah solar radiation
station.

Overall, those parameterizations, which employ vapor
pressure and air temperature to obtain the atmospheric
emissivity have the best statistical criteria, which represented
by the lowest values of BIAS, RMSE, MAE and PMRE were
estimated  by  the  Eq.  18,  then  the  Sugita  and  Brutsaert2

model came in second order, followed by Duarte et al.15 and
Kruk et al.17. The results with the highest BIAS, RMSE, MAE and
PMRE were presented by Swinbank22 and Idso and Jackson9,
respectively.

Table 4: Statistical criteria for the performance of the eight DLR clear-sky calculation models compared to measured data from the experimental site
Models BAIS (W mG2) RMSE (W mG2) MAE (W mG2) PMRE (%) r R2

Swinbank22 16.6 26.0 14.6 5.2 0.88 0.78
Idso and Jackson9 18.2 28.3 17.9 5.9 0.88 0.78
Brutsaert1 4.7 9.9 6.6 2.4 0.92 0.84
Idso23 11.1 17.3 9.3 2.9 0.87 0.77
Sugita and Brutsaert2 0.4 7.3 5.1 1.4 0.87 0.86
Duarte et al.15 4.4 12.8 6.7 1.9 0.94 0.88
Kruk et al.17 5.1 9.3 5.9 1.8 0.93 0.84
Equation 18 0.3 5.7 3.2 1.1 0.94 0.89

Fig. 2: Emissivity of 12 clear-sky cases of Al-Mustansiriyah station as a function of the ratio of level water vapor pressure and
temperature
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Fig. 3(a-h): Comparisons between calculated and measured downward long wave radiation in clear-sky  days,  (a)  Swinbank22,
(b)  Isdo  and  Jackson9,  (c)  Brutsaert1,  (d)  Idso24,  (e)  Sugita  and  Brutsaert2,  (f)  Duarte  et  al.15,  (g)  Kruk  et  al.17  and 
(h) Equation 18

Figure  4  shows  the  mean  diurnal  cycle  of  DLR  for
clear-sky  days,  calculated  using  Eq.  18  and  the  actual
measurements. The demeanor of calculated values of DLR
between midnight and early morning is smaller than the
measured values. In the early hours after sunrise, the model
overestimated the values. However, between 10:00 am and
17:00 pm, the calculated values are underestimated and after
that time, they are overestimated until the sunset. At the same
time, it can be spotted that the average of DLR calculated for

clear-sky days from Eq. 18, exceedingly correspond with the
average of measurements (Fig. 4), presenting a satisfactory
congruence between them.

Finally, results obtained from this study will provide a
deeper comprehension of the surface energy budget in the
semi-arid region of Baghdad city and it can result in amending
the general properties of evaporation in numerous practical
applications  in  agriculture,  environmental  studies  and
hydrology.
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Fig. 4: Mean diurnal cycle of downward long wave radiation flux for clear-sky day estimated using the Eq. 18 and measured in
the experimental site

CONCLUSION

The standardization which utilize air temperature only,
such  as,  Swinbank  model  and  Idso  and  Jackson  model,
shows a considerable DLR overestimation, while other
parameterizations present slight DLR overestimation. The
results suggest a good agreement existing between the
estimated and measured values, the obtained results by the
locally adjusted equation presented the smallest statistical
criteria. The proposed equation can be used to estimate the
downward long wave radiation with acceptable accuracy,
which is required as an input parameter to most agricultural
and hydrological models, in the semi-arid regions of Iraq,
where this component is not measured due to the high cost
of the measuring DLR devices.

ACKNOWLEDGMENT

We would like to thank the administration of the
Department  of  Atmospheric  Science,  College  of   Science,
Al-Mustansiriyah University for providing meteorological and
downward radiation data.

REFERENCES

1. Brutsaert, W., 1975. On a derivable formula for long wave
radiation from clear skies. Water Resour. Res., 11: 742-744.

2. Sugita, M. and W. Brutsaert, 1993. Cloud effect in the
estimation of instantaneous downward longwave radiation.
Water Resour. Res., 29: 599-605.

3. Crawford, T.M. and C.E. Duchon, 1999. An improved
parameterization for estimating effective atmospheric
emissivity for use in calculating daytime downwelling
longwave radiation. J. Applied Meteorol., 38: 474-480.

4. Wild,  M.,  D.  Folini,  C.  Schar,   N.   Loeb,   E.G.   Dutton   and
G. Konig-Langlo, 2013. The global energy balance from a
surface perspective. Climate Dynam., 40: 3107-3134.

5. Aase, J.K. and S.B. Idso, 1978. A comparison of two formula
types for calculating long wave radiation from the
atmosphere. Water Resour. Res., 14: 623-625.

6. Muller,   H.,   1985.   On   the   radiation   budget   in   the   Alps.
Int. J. Climatol., 5: 445-462.

7. Marty, C. and R. Philipona, 2000. Clear-sky index to separate
clear-sky from cloudy-sky situations in climate research.
Geophys. Res. Lett., 27: 2649-2652.

8. Sellers, W.D., 1965. Physical Climatology. University of
Chicago Press, USA., Pages: 272.

9. Idso, S.B. and R.D. Jackson, 1969. Thermal radiation from the
atmosphere. J. Geophys. Res., 74: 5397-5403.

10. Satterlund, D.R., 1979. An improved equation for estimating
long wave radiation from the atmosphere. Water Resour. Res.,
15: 1649-1650.

11. Prata, A.J., 1996. A new long wave formula for estimating
downward clear sky radiation at the surface. Q. J. Royal
Meteorol. Soc., 122: 1127-1151.

16



Asian J. Applied Sci., 10 (1): 10-17, 2017

12. Rizou, M. and F. Nnadi, 2007. Land use feedback on clear sky
downward longwave radiation: A land use adapted model.
Int. J. Climatol., 27: 1479-1496.

13. Snell, H.E., G.P. Anderson, J. Wang, J.L. Moncet, J.H. Chetwynd
Jr. and S.J. English, 1995. Validation of FASE (FASCODE for the
environment) and MODTRAN3: Updates and comparisons
with clear-sky measurements. Proc. SPIE., 2578: 194-204.

14. Niemela, S., P. Raisanen and H. Savijarvi, 2001. Comparison of
surface radiative flux parameterizations: Part I: Longwave
radiation. Atmos. Res., 58: 1-18.

15. Duarte, H.F., N.L. Dias and S.R. Maggiotto, 2006. Assessing
daytime downward longwave radiation estimates for clear
and  cloudy  skies  in  Southern  Brazil.  Agric.  For.  Meteorol.,
139: 171-181.

16. Gabathuler, M., C.A. Marty and K.W. Hanselmann, 2001.
Parameterization   of   incoming   longwave   radiation   in
high-mountain environments. Phys. Geogr., 22: 99-114.

17. Kruk,   N.S.,   I.F.  Vendrame,  H.R.  da  Rocha,  S.C.  Chou  and
O. Cabral, 2010. Downward longwave radiation estimates for
clear and all-sky conditions in the Sertaozinho region of Sao
Paulo, Brazil. Theor. Applied Climatol., 99: 115-123.

18. Dale, V.H., 1997. The relationship between land use change
and climate change. Ecol. Applic., 7: 753-769.

19. Kessler, A. and L. Jaeger, 1999. Long term changes in net
radiation and its components above a pine forest and a grass
surface in Germany. Int. J. Climatol., 19: 211-226.

20. Barr, S. and D.L. Sisterson, 2000. Locale analysis report for the
southern great plains. ARM-00-001, Argonne National
Laboratory. https://www.arm.gov/publications/site_reports/
sgp/arm-00-001.pdf

21. Kipp,  Z.,  2000.  CNR1  net  radiometer  instruction  manual.
Kipp and Zonen, Delft, The Netherland, pp: 42.

22. Swinbank, W.C., 1963. Long wave radiation from clear skies.
Quart. J. R. Meteorol. Soc., 89: 339-348.

23. Idso,  S.B.,  1981.  A  set  of  equations  for  full  spectrum  and
8-to 14-µm and 10.5 to 12.5 :m thermal radiation from
cloudless skies. Water Resour. Res., 17: 295-304.

24. Deardorff, J.W., 1978. Efficient prediction of ground surface
temperature and moisture, with inclusion of a layer of
vegetation. J. Geophys. Res. Oceans, 83: 1889-1903.

25. Paltridge, G.W. and C.M.R. Platt, 1976. Radiative Processes in
Meteorology and Climatology. Elsevier Scientific Pub. C., USA.

26. Meyers, T.P. and R.F. Dale, 1983. Predicting daily insolation
with hourly cloud height and coverage. J. Climate Applied
Meteorol., 22: 537-545.

27. Atwater,  M.A.  and  P.S.  Brown  Jr.,  1974.  Numerical
computations  of  the  latitudinal  variation  of  solar  radiation
for an atmosphere  of  varying opacity. J. Applied Meteorol.,
13: 289-297.

28. McDonald, J.E., 1960. Direct absorption of solar radiation by
atmospheric water vapor. J. Meteorol., 17: 319-328.

29. Houghton, H.G., 1954. On the annual heat balance of the
northern hemisphere. J. Meteorol., 11: 1-9.

30. Wilks, D.S., 2011. Statistical Methods in the Atmospheric
Sciences. Academic Press, USA.

17


	AJAPS.pdf
	Page 1


