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Validation of a radiation parameterization scheme using LASPEX data

J. P. GEORGE
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ABSTRACT

MCMRWF operational model forecasted surface radiation fluxes have been
compared with LASPEX IOF observations of May, July, September and December,
1897. Some of the discrepancies in the model forecast are identified, A few
modifications in the NCMRWF operational model radiation parametsrization scheme
are tried to reduce the disagresment, Presence of dust asrosols in the short wave
radiation scheme reduces the errors seen in the net shortwave flux. A new weighting
tunction for diurnal variation of downward longwave flux is also proposad,
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NCMEWT model.

Solar energy absorbed at the surface is
the most important source of energy to the
carth-atmospheric system. To keep this
system in equilibrinm, the surface loses some
energy through longwave emissions. Rest of
the energy exchange between surface and
atmosphere oceurs through sensible and latent
heat fluxes, In the atmospheric models,
accurate computation of radiation fluxes al
the surface is important both for realistic
representation of the surface energy balance
and for an accurate computation of
atmospheric processes. Here we try to
compare the LASPEX-97 (Land Surface
Process Experiment-1997) IOP (Intensive
Observation Period) surface radiation flux
observations at Anand with NCMRWEF
{National Centre for medium Range Weather
Forecasting) operational model (hereafter,
Control model) five-day forecast fluxes. Some
modification to the shortwave (8W) and
longwave (LW) parameterization is proposed
for removing the discrepancies in the model

forecast identified during the comparison of
the control model Tluxes with the
observations,

MATERIALS AND METHODS

The surface radiation flux data collected
from Anand observation point (22733°N,
72°55°E) during the 10P of May, luly,
September and December 1997 of LASPEX
is used in this study. Four five-day
integrations were made with NCMRWF
operational global model (Kanamitsu, 1989),
which has GFDL radiation scheme {Lacis and
Hansen, 1974; Schwarkopf and Fels, 1991),
A brief description of NCMEWT operational
slobal model is given in the Table I.
NCMRWF analysis for 13 May, 13 July, 14
Septernber and 14 December, 1997 are used
as the initial conditions for these integrations.
Temperature and fluxes are picked up from
the nearest erid point (23718" N, 73°21" E).
In the control model both SW (solar) and
LW (terrestrial) radiation computations are
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Table 1: Brief description of NCMRWF global model

Model Components Specifications
Elements
HORIZONTAL Global Spectral-T80 (256X 128; 256 pomts in
alatitude cirele, 128 points 8. pole 1o N. pale)
GRID VERTICAL 18 Sigma (Pressure/Surface pressure) Layers

[995, 981, 960, D20, 856, 777, 688, 594,
A97,.425, 375, 325, 275, 225..175..124,
074, .021]

TOPOGRAPHY MEAN

FROGNOSTIC VARIABLES Rel. Vorticity, Divergence, Virtual Temp..

Log of Surface Pressure, Water Vapour

Mixing ratio

HORIZONTAL
TRANSFORM Orszag's Technique
AYNAMIC | VERTICAL DIFFERENCING Arakawa’s energy conserving scheme
TIME DIFFERENCING Semi-implicit with 900 seconds of time step
TIME FILTERING Eobert’s methed
HORIZONTAL DIFFUSION Second order over quasi-pressure surtaces,
scale selective
SURFACE FLUXES Monin - Obukhov Simalanty
TURBULENT DIFFUSION K-Theory
RADIATION Short Wave-Lacis & Hunsen
Long Wave- Fels and Schwarzkopf
DEEP CONVECTION Kuo scheme modified
SHALLOW CONVECTION Tiedtke method
LARGESCALE Manabe-moditied Scheme based on
PHYSICS | CONDENSATION saturation
CLOUD GENERATION Slingoscheme

RAINFALL EVAPORATION Kessler's scheme

LAND SURFACE PROCESSES | Pan Scheme having 3-layer soil model for
soil ternperature and bucket hydrology of
Manabe forsoil moisture prediction
ATR-SEA INTERACTION Roughness length over sea computed by
Chamock’s relation. Climatological S5T,
bulk formulae for sensible and latent heat
[Tuxes

GRAVITY WAVE DRAG Lindzen and Piermehumbert Scheme
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done at 12 hr interval, Te get the diurnal
variation of fluxes at surtuce a dinrnal cyele
welght isapplicd on net SW and downward
LW. Since SW computations are done with
12 hr average zenith angle at every point, the
weight at any Ome step, t, 1s given by

zenith angle at the time |

SW_Wit) =
12 hr average zenith angle

Since LW radiation calls at 12 hr
intervals (hecause radiation calls are
computationally very expensivel, in the
operational model o weight (T4) is applied
tothe LW down at surface to account for
the diurnal changes . At any time step 1,

T
=l
where T is the Nirst model level temperature
at toand T. is the first model level
{approximately 50 meter height from the
surface) temprature at the time of radiation
cormputation.

-.

LW up from the surface is computed in
the model using Stefan-Baltzmann's law
{£0 T} with surface emissivity (g) value of
one, Net LW flux is computed from the
observation as the balance of net radiation
flux and net SW flux (net LW {lux = net
radiation flux - net SW flux).

RESULTS AND DISCUSSION
Operational model SW fluxes

Comparison of operational model five-
day forecast based on 13 May 1997 over
Anand with the observation (Fig-la) shows
that the net SW at surface {Incoming SW at
surface - reflected SW by the surface) 1s

overestimated in the model forecast.
Maximum difference in the flux is noted when
the zenith angle is at the muinimum, The small
difference noted in the surface albedo value
of the model and the observation point (less
than 5% difference) has a definite role in the
difference seen in the net SW, Apart from that,
the presence of asrosols in the atmosphere
also may have a contribution. The forecast
based on 13 July, 1997 shows that (Fig-1b)
model-forecasted net SW flux is more smooth
compared to observation, This may be
because, in the madel, ¢cloud computations
are made only once 10 12 hours. So the
changes occurring in SW {luxes due to the
varmability of cloud amounts with 12 hrperiod
are not accounted lor in the model
Comparison between observations and model
resulls during 14-19 September, 1997 period
also shows that the model is not able 1o
reproduce the high varability in Net SW (Fig-
l¢). This may be again due to deficiencies of
the representation of clouds inthe model. In
the model clouds are generated purely based
on the relative humidity distribution at each
grid point. Even though we have compared
the observation and medel results from 14-
19 December 1997 (Fig-1d), the quality of
SW Mux observationsduring this period seems
to be not good.

Operational model LW fluxes

Comparigon of observation during 13-
18 May with operational model forecasted
net EW at surface (LW down-LW up) shows
that even though the model 15 able 1o follow
the trend seen in the observatons(Fig-2a),
magnitude 18 out by around 50 Wm?. But
during 13-18 July, 14-19 September and [4-
19 December, the model shows diurnal
variation (Fig-2b.2c and 2d) whereas the
observations show very little diurnal
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Fig. 1: Netshort wave at surface by control model and observation (u) May, (b) July,
ol September, (d) December
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Fig. 21 Net long wave at surface by control model and observation (a) May, (b) July,
(¢} September, (d) December
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variation,
SW experiment

Comparison of model SW fluxes with
the observation clearly shows that in May
radiation fluxes forecasted by the model
are  about 50-100 Wm*  higher at the peak
time (Fig-1a). So we tried to identify the reason
for the difference between observation and
madel results, One reason may be  the
presence of dust aerosols in the atmosphers,
which scatters and absorbs solar radiation. To
see the effects of dust aerosol over Anand
ohservation point, dust acrosol effects are
computed  using a dust aerosol model
(Coakely eral 1983, Begum and George,
199590 In this medel dust layer is assumed 1o
be close to surface. Dven though the asrosol
optical thickness is highly variable, for
simplicity, we have assumed light dust
(Mohalifi, 1995) in all the four periads
(Optical thickness = 0.4, Single scattering
Albedo =0.791, Asymmetry factor =0.773)
at Anand. In May (Fig-3a), the net 8W at
surface by dust aerosol model 15 less and
close to observation, compared to operational
model results. In other months also (Fig-3h,
de, 3d) magnitude of net SW by dust model is
less compared to operational model and most
of the time dust model results are close to
observations,

LW experiment

Companson of model forecasts of net
LW at surface with observation shows a large
difference in magmtude, One possible reasan
for this difference may be the function used
tor diurnal approximation. In the operational
modela 4% order temperature function is being
used, 50 we tried other weighting functions
for the diurnal approximations. They are

RADIATION PARAMETERIZATION SCHEMES 0

TI = (T/TO):
T2 = {T/TOP;
3 = (T/TOY

We applied all these weighting functions
for all the four periods. In all cases, dinmal
approximation with first order weight (T1)
was closer to the observations (Fig-43,

CONCLUSION

Comparison of results of control model
with observations show that Forecasted surface
flux trends, in general, are similar to what 1%
observed in both 5W and LW. But the
magnitudes of model produced LW and SW
fluxes are different compared 1o abservation.
The presence of dust aerosol in the model
marginally reduces the SW peak and hence 1t
is close to observations, In the LW diurnal
cycle approximation, performance of first
order weight is found to be better than the
control model with fourth order weight.
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