
Pr occcdmgsOf lhc 1\ :r&deniYlI lJni\'CfsiIYResearch~ioos. Sri Lanl a Vol 14 3'" December 2009

IMPACT OF LAND SURFACE MO DELS ON PRECIPITATION
FORECASTING IN WRF WEATHER MODEL :

APPLICATION TO NILWA LA RIVER BASI N IN SRI LANKA

D.A. Sachindra, K.I>.W. Na ndalal a nd U.R. Ra tnayake

Depanmem ofCivii Engineering. University of Peradeniya

Introduction

Accurate prediction of weather is of
great importance in today' s world
since adverse weather conditions such
as torrential rainfalls could cause
serious negative impacts on activities
of humans in many ways. Weather
modeling is a branch of atmospheric
modeling in which weather parameters
such as precipitation. wind velocity,
temperature etc., are predicted. An
atmospheric model is generally based
on laws of thermodynamics and fluid
dynamics. Numerical weather
modeling. samples the state of the fluid
at a given time and uses the equations
of fluid dynamics and thermodynamics
to estimate the state of the fluid at
some time in the future.

Weather models could be further
classified into two d istinct groups.
namely global weather model s and
regional weather models. Among
many weather prediction models WRF
3.0 (Weather Research and
Forecasting Version 3.0) model is one
of the most popular regional weather
mood s used for research and
operational purposes. As in any
weather model WRF contains a
number of different physics options 10
take the effects of weather influential
processes into account. These physics
options could be varied in calibrat ing
the model so that the most effective set
of physics options is selected before

the model is executed for any
operational purpose.

In the case WRF model the land
surface model. which is one of the
model physics components. plays a
vital role. This is because the
interactions between the land surface
and the atmosphere (land-atmosphere
processes) are modeled using the land
surface model. The basic elements of
land-atmosphere interactions are the
exchanges of moisture and energy
between the two systems. In WRF
rnodel used in this study. there are
several land surface options available.
Namely. Noah land surface model, s­
layer Thermal diffusion model (default
land surface model option in WRF)
and Rapid Update Cycle (RUC)
Model.

The objective of this study is to check
the impacts of various land surface
models on rainfall predictions
generated by WRF, on its applicat ion
10 the Nilwala river basin in Southern
Sri Lanka. The area of the river basin
is approximately 1.073 km2

• It lies
mainly in the Matara district within the
latitudes 5" 55' - 6" 13' and longitudes
80'" 25'- 80'" 38'.

Met hodology
WRF model was applied to the
Nilwala river basin with different land
surface models keeping all other
factors such as domain configuration.
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domain size. a nd other phys ics options
etc .. unchanged. Fe rrier microphysics
scheme wa s employed with Rapid
Radiative Transfer Model long wa..-e
radiation scheme, Dudh ia short wave
rad iat ion scheme. Monin-Obukhov
surface layer, Kain -Fr itsch cu mulus
sche me and Yonsei University
boundary layer scheme as other
physics options of WRF . Initial and
lateral bou ndary cond itions were
obtained from the Global Forecast
Syste m (GFS) for init iating the WR F
model (Awad et al. 2007 ). G FS Mode l,
which is run by National Center for
Environmenta l Predi ct ion (NC EP). is
initia lized using observed data from
radiosondes wea ther sate llites a nd
surface weather obse rvations. For the
ana lys is two g loba l data sets were
down loaded from the GFS on
09/ 1212008 and 19103/2009. In the
present study , 4511 5/5 km (1800x ISOO
km/64 5x 645 km/245 x245 km) domain
configuration was tested with the
above three land surface models fo r a
forecast t ime of 24 h. TIle land surface
schemes employed in the study were 5
layer therma l d iffusion model. Noah
land surface mode l and Ru e in WRF.
Land surface schemes were a pplied to
the 1'1, 2nd a nd 3'd domains in a ll the
model runs. Model acc ~racy was

mon itored by comparing the model
pred ictions with obse rved po int
rainfall s. obtained from the
Department of Meteorology , for the
ra in gaug ing stations at Mapalana ,
Kekanadura, Thihagoda. Thelijjawila,
Goluwatta. a nd Maw arella. S ince the
output of WRF is spatially distr ibuted
and the field observed rain fall s are in
po int format, these point ra infalls were
spatia lly d istribu ted on 5 km x 5 km
horizonta l grid for comparison
purposes with the predictions. For
checking the accuracy of model
predictions difference bet-wee n W RF
prediction and observed prec ipitat ion
(s patia lly distributed) " e re plotted
over the watershed . TIle 0 - 5 mm
ove r/unde r pred ictions were
cons idered as acceptable forecasts.
Area inside the basin in .... h ich the
pred ictions were within the above
specified +1-5 mm range was
expressed as a % of the tola l area of
the basin (Correctly Pred icted Area %.
C PA). Thi s was taken as the measure
of success of pred ictions. Figure I and
Figure 2 show the difference bet.... een
WRF pred iction and observed ra infall s
on 1011 212008 and 20/03/2009,
respec tively. Tab le I gives C PA% for
each land surface model.

Resu lts
Table 1. CPA % for various cum ulus schemes

Rain event on 10112/2008

Land Surface model CPA %

Noa h 50

Therma l diffusion 63

Rapid Update Cycle 7 1

Rain event on 20/03/2009
Land Surface model C PA %

Noah 6 1
Thennal d iffus ion 82

Rapid Update Cycle 74
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(a)Noah (b) RUC (e) Thermal diffusion

Figu re I. Difference between WRF prediction and observed rai nfalls on
IOIlln008

(a)J\ nah (b) IW C (c) Thermal d iffusion

Fig ure 2. Difference between WRI' pred iction & Observed rainfalls on
20103/2009

Conclusions
Acco rding to the above results for the
two rain eve nts ove r the Nilwala bas in
RUC la nd surface mode l has
responded with equally good CPA's of
7 1% and 74%. The thermal diffusion
model too has produced good results
with C PA's of 63% and 82% on
1011 2/2008 and 20103/2009.
respectively. Both rain events have
shown de pendence on different land
surface mode ls but for the same land
surface mode l, sim ilar CPA% have
been observed. The ability of RUe
land surface model in rainfal l
forecasting over the Nilwala bas in was
furt her proven with a CPA val ue of
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88% which was produced for the rain
event on 06/04 /2009, as the test was
carried out follow ing the same
procedure.
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