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Abstract. The performance of a surface-layer parameteriza-entire atmosphere through redistributing heat and moisture.
tion scheme in a high-resolution regional model (HRM) is These processes in the NWP models are quantified through
carried out by comparing the model-simulated sensible heathe surface-layer parameterization schemes which indirectly
flux (H) with the concurrent in situ measurements recordedcontrol the atmospheric boundary layer (ABL) growth and
at Thiruvananthapuram (8.8, 76.9 E), a coastal station in  other physical processes such as the intensity of moist con-
India. With a view to examining the role of atmospheric sta- vection and low-level cloudiness. These parameterization
bility in conjunction with the roughness lengths in the deter- schemes are responsible for the partitioning of incoming so-
mination of heat exchange coefficieidq) and H for vary- lar radiation at the surface into sensible, latent and ground
ing meteorological conditions, the model simulations are re-(soil) heat fluxes through determination of the bulk exchange
peated by assigning different values to the ratio of momen-coefficients and also in influencing the soil wetness and near-
tum and thermal roughness lengths (kéw/zon) in three  surface temperaturéAqurose and Subrahamanyag013.
distinct configurations of the surface-layer scheme designed’he bulk exchange coefficients for momentum, heat and
for the present study. These three configurations resulted imoisture in most of these schemes are empirically related
differential behaviour for the varying meteorological condi- as functions of the roughness lengths and atmospheric sta-
tions, which is attributed to the sensitivity 6%y to the bulk  bility. Thus, in a majority of surface-layer parameteriza-
Richardson numberR(g) under extremely unstable, near- tion schemes, an appropriate representation of the rough-
neutral and stable stratification of the atmosphere. ness lengths and atmospheric stability is assumed to be a
critical component. At the same time, it is equally impor-
tant that the prevailing meteorological conditions are fairly
represented in the NWP model in question, and this partic-
ular aspect is being addressed in the present research arti-
cle. Different regimes of the atmospheric flow stability and
1 Introduction theirimpacts on the exchange processes are generally defined
through integrated form of stability functions for the unsta-
Atmospheric surface-layer processes strongly influence th@le and stable stratification. On the other hand, the rough-
general circulation of the atmospheBuinger et al.197).  ness length for momentunig), heat ¢on) and moisture
Most of the atmospheric models used for the numencaI(Zoq) are taken as the key parameters for representing the sur-.
weather prediction (NWP) do not have fine resolutions toface morphology, terrain characteristics, and its heterogene-
resolve such processes very precisely, and therefore a pargty (Brutsaerf 1975. In the early years, roughness lengths
metric representation (parameterization) is adopted in reajor momentum, heat and moisturepf, zon and Z0g) Were
practice Btensrugd2007). The exchange processes betweentreated in an identical fashion by considering the Reynolds
the atmosphere and the underlying earth’s surface are domanalogy (ouis, 1979 Garratt 1992. In the last few years,

inated by the turbulent fluxes which play key roles in de- a number of surface-layer parameterization schemes haveo
termining the vertical structure and energetic balance of the
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been developed in which the stability functions and exchangencreased number of ground-based in situ observations, the
coefficients appear to have different forniga(lson 197Q horizontal grid resolutions of the global models are con-
Businger et al.1972;, Dyer, 1974 Louis, 1979 Beljaars and  sistently decreasing from coarser grids to finer grids. Sub-
Holtslag 1997). Later, many researchers reported that the ra-sequently, a majority of the NWP models are adopting a
tio between momentum and thermal roughness lengths (i.enon-hydrostatic approximation, which can account for the
zom/zoh) cannot be taken as unity especially for a heteroge-physical processes associated with the vertical velocities in
neous terrain as the Reynolds analogy for such cases are reo better manner. In this process, the HRM model is also
longer valid Owen and Thomsqri963 Garratt and Hicks  under a transition from a hydrostatic approximation to a
1973 Brutsaert1975 1982 Garratt 1978 Hopwood 1995 completely non-hydrostatic approximation. However, in the
Mabhrt, 1996 Chen et al.1997). Van Den Hurk and Holtslag present study, as the database is confined to year 2010, we
(1997 made a detailed comparison between various surfacehave adopted the hydrostatic approximation. In the default
layer parameterization schemes for the estimation of bulkconfiguration of HRM model, the initial and lateral boundary
transfer coefficients for a wide range of stability and numer-conditions are extracted from the interpolation of analyses
ous values ofom andzon respectivelyKot and Song1998 and forecast fields respectively of the German global model
also showed the impact of varying stability conditions and (Subrahamanyam et a012h. The analyses and forecast
surface types on the estimation of bulk transfer coefficientsfields of the global model for the present study period were
and turbulent fluxes. Results obtained from many of theseavailable at a spatial resolution of 0°30and the land—
studies highlighted the limitations of surface-layer parame-sea boundaries were clearly identified through land fraction
terization schemes and their applicability for a wide rangedatabase. Similarly, the topographical features and associated
of stability and roughness length ratios. Thus, it is extremelyheterogeneity is well addressed through various single- and
important to understand the relative impacts of these factorsnulti-level atmospheric fields, together with multi-level soil
on the estimation of bulk transfer coefficients and turbulentfields in the HRM model $ubrahamanyam et aR012h.
fluxes in NWP models especially over a heterogeneous terThe exchange processes between the earth’'s surface and
rain. the lowest part of the atmosphere in this model are treated
In the present study, we investigate the performance othrough a surface-layer parameterization scheme based on
a surface-layer parameterization scheme based on the bulkouis (1979 (hereafter referred to as the L-79 scheme) in
formulations suggested lyouis (1979 in a high-resolution  the Prandtl layer and a diagnostic level-two scheme based
regional model (HRM) centred around Thiruvananthapuramon Mellor and Yamadd1974) for the ABL and the free at-
(8.5’ N, 76.9 E), India, for varying meteorological condi- mosphere. In theouis (1979 parameterization scheme, the
tions. Local weather over the heterogeneous terrain arounderative solutions for the bulk exchange coefficients are ap-
this coastal station is influenced by the diurnal variationsproximated by analytical functions which relate these coef-
within the ABL and also by the large-scale monsoonal wind ficients to the roughness lengths, the height within the sur-
flow (Ramachandran et all994 Nair et al, 2011), thereby  face layer and the bulk Richardson nhumbRig) as a prac-
making this experimental site an ideal platform for investi- tical stability parameter. The dynamic stability of the at-
gating the role of atmospheric stability and its impacts on themosphere is represented througla whose magnitudes are
quantification of surface exchange processes through paranused for discriminating the turbulent flow from the laminar
eterization. The main objective of this research work is toflow (Subrahamanyam et ak0123. This is indeed in ac-
address the relative dominance of the atmospheric stabilitordance with the recent theoretical and laboratory research
with respect to theom/ zon ratio in terms of their representa- works which suggest a transformation of the laminar flow to
tion in theLouis (1979 parameterization scheme. The study a turbulent flow atRig >0.25. However, the termination of
also explains the sensitivity abm/ zon ratio in the deriva-  turbulence takes place at much higher static stability with
tion of bulk transfer coefficients for varying meteorological Rig >1; intermittent turbulence may occur at even higher
conditions over Thiruvananthapuram. stabilities. Based on several observational evidedgga
(2007 has shown that the turbulent flow often stays turbulent
even forRig as large as 1.0. For exact representation of the
2 Model details and experiments laminar flow in NWP models, the bulk exchange coefficients
are assumed to vanish in the surface-layer parameterization
HRM is a hydrostatic atmospheric model developed atschemes. However, this would completely decouple the at-
Deutscher Wetterdienst of Germany and is extensively uti-mosphere from the surface, resulting in a detrimental im-
lized for NWP applications at meso-and mesg8 scales pact on the low-level flow structure. For avoiding such cases,
(Majewski et al, 2002 Ramachandran et al2006 Rani  the stability functions are chosen such that a critical value
et al, 201Q Subrahamanyam et al2012h Anurose and of Rig is not involved and the bulk exchange coefficients
Subrahamanyan?013. With the advancement in monitor- asymptotically approach zero with increasing static stability.
ing techniques of atmospheric features at a very fine spak the case of the L-79 scheme, analytical expressions for the
tial resolution from various satellites and availability of an heat exchange coefficient f;) are derived separately for the
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unstable and stable conditionisoliis, 1979. For unstable Table 1. Technical details on the HRM configuration used for the
conditions of the atmosphere, characterized Righ< 0, present study.

Cy= 1)

Model component Description

Model domain
3.b.|Rig| (longitudinal coverage) 74.5-79.&

Cyn.| 1+ 3 , (latitudinal coverage) 6.0-11rM
% 2 ) Horizontal resolution 0.0625
1+3.b.c.Cyn. { (th) — 1} +/IRis| Vertical levels 60 levels with vertical stretching
) Radiation §-two stream radiation scheme

whereas in the case of stable atmosphere, characterized by including long-wave and short-wave fluxes
Rig >0 Surface-layer_ Based drouis (1979 sch_e_me

= parameterization and subsequently modified by

1 Anurose and Subrahamany4#013
Cyg =Cuyn. T | (2) (@ L-79 20m = Z0h
1+ 3.h.Rig.(1+d.Rig)2 (default configuration)
. - (b) L-100 zom/zoh = 100

where the neutral stability transfer coefficient for heag ) (c) L-diurnal InfZm) — ¢ | ngpeak‘

is uniquely related to thegm andzon, whereTpea= 12:00 UTC and = 6.0

h -1 h -1 Convection Mass flux convection scheme
cHn=K2.{|n (-)} .{m (-)} . (3)
Z0m Z0h

In the above expressions,is the von Karman constant and 3 Classification of the database
b=c=d=>5.0andh (=10m, corresponding to the lowest
level of the HRM model) is the measurement height. FromAn automatic weather station (AWS) equipped with slow-
the expressions faf'y described above for varying stability response sensors is used for accessing the prevailing mee-
conditions, it is obvious that the roughness lengths for mo-teorological conditions over the experimental site of Thiru-
mentum and heat in conjunction with tRég play a crucial ~ vananthapuram. Beside the routine meteorological measurg-
role in the determination of surface-layer turbulent fluxes. ments through AWS, one sonic anemometer placed at &
A recent study carried out byAnurose and altitude of 10m above the mean sea level provided fast:
Subrahamanyan{2013 on the performance of the L- response in situ measurements of three-axis wind compg
79 scheme emphasized the need of a critical assessment nénts and near-surface air temperatures, which are later usgd
the treatment of roughness lengths for momentum and heafor the estimation of. The database extends for a period of
Results obtained from their study suggested a differentiall year spanning from January 2010 to December 2010. In th
treatment ofzom andzon in the original L-79 scheme for its months of December to February (also termed as the wintd
improved performance over the heterogeneous terrain. Inmonsoon), this experimental site experiences typically dry
the present study, the HRM model simulations are carriedseason with mostly clear-sky days. In contrast to the win
out with three distinct configurations of the surface-layerter monsoon, the period from June to September (also re
parameterization scheme (namely, L-79, L-100 and L-ferred to asthe summer monsoon) is generally enriched with
diurnal) following the modifications suggested Byurose  large amount of precipitation over the Indian sub-continent
and Subrahamanyaf2013. In the L-79 schemezom and  The period between March and May is termed as the pre
Zonh are treated in an identical fashion assumigg = zon. monsoon, while the period from October to November is re
In the L-100 configuration, thepm/ zon ratio is set to 100, ferred to as the post-monsoon. Hence the coastal ABL chaf:
whereas it is subjected to a diurnal variations in accordancecteristics over Thiruvananthapuram undergo prominent seg-
with the equation shown in Tabld for the L-diurnal  sonal variations within a cycle of 1 yeaXdir et al, 2011).
configuration. These alterations in them/zon ratio are  Here we have classified the whole database consisting the
activated for the land regimes only, and the oceanic part isnodel-simulated forecast fields and in situ observations int®
kept unaltered in all the three sets of simulatioAsrose three broad categories — (i) clear-sky days, (ii) cloudy buf
and Subrahamanyar?013. The HRM model simulations non-precipitating days (hereafter referred to as the cloudy
are carried out for the generation @f24 h forecast fields days) and (iii) rainy days. The classification is based on the
using the L-79, L-100 and L-diurnal configurations of the diurnal variations in the incoming solar radiation, cloud frac-
surface-layer parameterization scheme respectively. Théon and rainfall. In the first class, the diurnal variation of the
initial conditions for all these simulations are extracted from incoming solar radiation remains idealistic due to the absence
the analyses of GME, a German global model, correspondef clouds. The in situ measurements of the incoming solaf
ing to 00:00 UTC, whereas the lateral boundary conditionsradiation through an AWS helped in choosing these days.
are derived from the forecast fields of GME -a8 hourly A majority of days in this class are from the winter mon-
intervals. soon during which most of the days represent the clear-skly
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conditions over Thiruvananthapuram. In the second category, < 3

the incoming solar radiation is attenuated due to overcast ,el 8 — r100 o 100 L 100 oo 100)

conditions. Prior to choosing these days, it was confirmed < 20 L diurnal Goo/ion = 400) T, T todturnal Go/ion = 400)

through the HRM model simulations that the experimental 7 1so w

site is covered with a minimum of 50 % cloud fraction. In this = 100 5

category, it was also considered that the rainfall should not ~ so T\

affect the diurnal variations in the fluxes; hence zero amount ~ of ™7 0 )

of rainfall in the in situ measurements and the model sim- -0 -8 76R‘ -+ 2 0 0 1 ZR‘ 3.4 s
13 13

ulations is kept as another measure for the identification of

cloudy days. A reasonable number of databases in this Catg=igre 1. Sensitivity of the bulk transfer coefficient for heatt)

gory are chosen_from the pré-monsoon season during whiclyith respect to the bulk Richardson numbRig) for (a) unstable
the cloudy conditions prevail over Thiruvananthapuram. In and(b) stable conditions of the atmosphere.

the case of the third category, it was assured through the

model simulations in conjunction with the AWS measure-

ments that all the days chosen in this category are indeed agpproach for the unstable conditions are significantly higher
fected with a minimum of 2 h of continuous precipitation. A than the Corresponding magnitudes obtained through the L-
minimum of 15 days of data are taken to represent each catt00 and L-diurnal configurations. However, in the case of the
egory, and the investigations are carried out for studying thestable atmosphere (Figb), we do not find any significant

importance of roughness length ratios in conjunction with thedifferences in theCy values for three different configura-
varying stability conditions in surface-layer parameterizationtions.

scheme.
4.2 Evaluation of the L-79, L-100 and L-diurnal
_ ) configurations for varying meteorological
4 Results and discussion conditions
4.1 Sensitivity of thezom/zon ratio In Fig. 2a—c, the mean diurnal variations iH obtained

through the HRM model simulations for the clear-sky,

W'Fh aview to un(_jers_tandmg the sensitivity of thﬁ“/ Z0h cloudy, and rainy days respectively are compared with the
ratio in the determination of the heat exchange coefficient for

. : " A concurrent in situ observations. For the assessment of three

t tu ob t For th t of th
varying meteorolog|c_al condmons,_we show the behav'.ourOfconfigurations of the model simulations, the root-mean-
Cp With respect to different magnitudes Bis representing square errors (RMSESs) with respect to the in situ measure-
the unstable and stable stratification of the atmosphere rrents are estimated on an hourly basis and are shown in
spectively in Figla and b. Following the expressions©f

described in Sec®, theoretical calculations are carried out Fig. 2df. As three classes of the database are based on
. ’ . the sky conditions and the stability of the atmosphere, the
for three different values afom/zon ratio (= 1; 100; and 400 y y P

. . , k mean magnitudes aff observed for the clear-sky, cloudy,
representing the L-79, L-100, and L-diurnal configuration of g Y y

the HRM model simulati ivelv). In th leul and rainy days show distinct variations (F&g, b, c). Dur-

. © mo te tS'mlIJ a 'OPS ges?%c;\;e y)'. n these calcu a'ing clear-sky conditions, a good amount of the incoming so-
lons, a constant vajue ot about U.42m 1S assigneoip . lar radiation reaching the earth’s surface is transformed in
for representing the momentum roughness length over Thiru

; the form of H; hence the in situ observations correspond-
vananthapuram following the GME (German global model) ing to local noon indicate high values & (~ 294 W nr2,

analyses fields. In the L-diurnal configuration, the peak vaIueFig_ 2a). The peak magnitude of thé was~ 252 W 12 for

ofIn IZZOTT} was set to a fixed value (= 6), roughly correspond- the cloudy conditions anet 163 W n12 only for the rainy

ing to zom/zon ~ 400 (see Tabld). These theoretical calcu- days (Fig2b, c). In the case of model simulations with the L-
lations yield high values of ; for the unstable atmosphere 79 configuration for the clear-sky conditions, the magnitudes
and low values for the stable stratification. From Hig, it of H were always higher than the corresponding in situ mea-
is seen that the magnitudes 6f; for unstable conditions surements, and the differences between the two were very
of the atmosphere estimated through the L-79 configuratiorsignificant during the daytime as the peak magnitudé/of
are extremely sensitive to the change®ip, where a slight  corresponding to the local noon was abeu452 W nt2 in
variation from —0.2 to —10 in Rig leads to a drastic in- the HRM model simulations, almost 158 Whhigher than
crease inCy from ~36x 1073 to ~ 240x 10~3. However,  the corresponding in situ observations. Similar features were
such sensitive changes are not evident for the L-100 and Lseen in the case of cloudy conditions also, as the L-79 con-
diurnal configurations, and the magnitude€’ef are signifi-  figuration yielded overestimated values#fin comparison
cantly lower than the corresponding values obtained througlwith the in situ observations during the daytime, though the
the L-79 approach (Figla). It may also be noted from the differences between the two were not very large (Rg,

Fig. 1la that the magnitudes @fy estimated throughthe L-79 €). On the other hand, the HRM model simulations with the
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lengths for momentum and heat in an uniform fashion, thd
other two configurations advocate for large values to the
zom/zon ratio. It is a well-established fact that the differential
treatment of thermal roughness length in the surface-lays

of =

parameterization scheme is a must, especially for the heter
geneous terraindarratt and Hicks1973 Garratt 1992 Kot
and Song1998 Anurose and Subrahamanya?913. In the

500 & 200

~400
o

;j present study, the HRM model simulations with differential
= treatment of the:om/zon ratio did not show similar kinds of

0 B - improvements for the prediction &f under varying meteo-
rological conditions. In the case of clear-sky conditions, thg
improvements were very striking and significant, whereag
there were no major differences in the model-simulated
for the L-79, L-100 and L-diurnal configurations correspond-
ing to the rainy days. Therefore it is arguable that the perfor:
mance of the surface-layer parameterization scheme in th
HRM model simulations is reasonably affected by the vary-
Figure 2. Left panel: comparison of the mean diurnal variations in ing meteorological conditions apart from the adequate treat
H obtained through the L-79, L-100 and L-diurnal configurations ment of the roughness lengths. For varying meteorologic3
together with the concurrent in situ observations (fy clear-sky,

(b) cloudy but non-precipitating, an@) rainy days. Right panel:
diurnal variations in the RMSE associated with the L-79, L-100 and
L-diurnal configurations corresponding td) clear-sky,(e) cloudy

but non-precipitating, an¢f) rainy days. Vertical error bars repre-
sent the standard deviations in the corresponding measurements.

0
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“I — L C
400 === L-100

-~ L-diurnal

300F — In situ Observations

— L-79 f
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=+ L-diurnal
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Local time

atmospheric stability is represented througia, which in
turn is directly related with the magnitudes Bfthrough the
heat exchange coefficient. With a view to investigating the
relative dominance of the atmospheric stability in the deter
mination of H, taking the magnitudes dRiz as the prime
indicator of the degree of stability, we have divided the en-

tire database into two categories: (i) highly unstable atmot

L-100 and L-diurnal configurations for the clear-sky as well sphere represented WRig <—1.0, and (ii) near-neutral or
as for the cloudy conditions were superior to the L-79 con-stable atmosphere representedRiy > —1.0. For restrict-
figuration as they reproduced the diurnal evolutionsbin ing the analysis to the sunlit atmosphere with intense ther
a more realistic way with relatively less errors. In the casemal convection, we have confined our database from 08:0
of rainy days, all the three configurations of the surface-layerto 12:00 UTC. Figure3a, b, and ¢ show the percentage sharg
parameterization scheme yielded very similar variations inof highly unstable and near-neutral or stable atmosphere fq
the H, and there were no significant differences in the diur-the clear-sky, cloudy, and rainy days respectively obtaine
nal variation of the RMSE associated with the model simu-through the model simulations. It is clear from these figures
lations (Fig.2c, f). The prevailing meteorological conditions that the database representing the unstable atmospheric flg
for rainy days are prone to highly stable stratification of theis dominant only in the case of clear-sky conditions. About]
surface layer, and are therefore characterized by large posit5 % of the clear-sky database falls under the highly unstg
tive values of thdRig. The H simulations are not significantly ble category with the magnitudes Big <—1.0 (Fig.3a). It
altered. From a forecasting point of view, such conditions aremay be recalled from Figla that the heat exchange coeffi-
directly linked with the performance of convection parame- cients for this category are extremely sensitive to the magni
terization scheme of the model, which often play a crucialtudes ofRig for the L-79 configuration and yield relatively
role in the determination of stability class of the atmosphere higher values oy than the corresponding values obtained
It may also be noted that the time of the observed maximurthrough the L-100 and L-diurnal configurations respectively,
heat flux as seen in the in situ measurements is slightly difin the case of the L-100 and L-diurnal configuration for the
ferent for the three different stability regimes, whereas such alear-sky conditions, even though the magnitudeRigfrep-
difference is not prominent in any of the model simulations. resent highly unstable atmosphere, the resulting magnitudd
Such differences are attributed to highly localized meteoro-of Cy remain reasonably low (Fidla), thereby producing
logical features which are generally confined to very smallthe low values ofA rather close to the real-world variations
spatial domains and are not captured within the model gridas seen in Figa. In contrast to this, merely 5 to 11 % of the
resolutions. database falls under the unstable category for the cloudy ar
As described in the Se@, three different configurations rainy days (Fig3b, c). Thus, a majority of the data for cloudy
of the surface-layer parameterization scheme are explicitl(89 %) and rainy (94 %) days represent the near-neutral an
based on the differential treatment of the thermal roughnesstable atmospheric flow where the magnitudeRigfare al-
length. While the L-79 configuration assumes the roughnessvays larger than-1.0. Since the magnitudes afy under
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IRz >-1.0 p ERe=-lo IRz >-1.0 treatment of the roughness lengths, whereas the L-79 config-
A = Rri<-10 IRz <-10 ¥ IRiz<-1.0 uration assumed uniform treatment for the momentum and

89.29% 94.64%

thermal roughness lengths. Based on the HRM model simu-
lations of H for varying meteorological conditions, the main
conclusions drawn from the study are as follows:

75%

— Differential treatment of the roughness lengths in the
25%

10.71% 5.357%

Figure 3. Percentage share of the unstable (represented by
Rig <—1.0) and near-neutral or stable atmosphd®es & —1.0)
database foKa) clear-sky,(b) cloudy but non-precipitating, and
(c) rainy days.

the stable atmosphere did not show extreme variations for
the positive values dRig (see Figlb), its immediate impli-
cations were clearly seen in the simulated variationd &ér

the cloudy and rainy days.

From the simulations off through three different con-
figurations of the surface-layer parameterization scheme in
the HRM model for varying meteorological conditions, it is
apparent that none of these configurations was able to repro-
duce the magnitudes of observed heat fluxes very perfectly
during the local noon (Fiza—f). The differences in the mag-
nitudes of simulated and in situ measurementg/dbr the
local noon can be attributed to the possible errors in the esti-
mation of the heat exchange coefficient. The sensitivity anal-
ysis of theCy with respect to th&ig provided quantitative
evidence for the overestimation &f. By accounting the dif-
ferential treatment of thegm/zon ratio in the L-100 and by
subjecting this ratio to a diurnal variation in the L-diurnal
configuration, the overestimated magnitudes offhtor the
local noon were reasonably reduced, in turn justifying the
need for such modifications to the L-79 configuration. For the
stable atmosphere, the differential treatment of the roughness
length did not yield significant changes in the magnitudes
of simulatedH over a diurnal cycle and is attributed to the
suppressed magnitudes of thg for the positive values of
Rig. Thus, it is clear from this piece of research work that
the differential treatment of the roughness lengths, togethe
with the atmospheric stability, drives the performance of a

Louis (1979 parameterization scheme tends to improve
the predictability of H with better accuracy for the
clear-sky and cloudy conditions. However, it does not
alter the magnitudes of simulatétisignificantly for the
rainy days. This research work shows the sensitivity of
such a differential treatment for varying meteorological
conditions.

Model-simulated magnitudes of th& with the L-79
configuration for the local noon under clear-sky condi-
tions are mostly larger than the corresponding in situ
measurements. These differences are attributed to the
sensitive behaviour of the heat exchange coefficients for
the unstable atmosphere.

— Magnitudes oRig for a majority of the cloudy as well

as the rainy days were larger tharl.0, in turn rep-
resenting the near-neutral or stable stratification. Un-
der these conditions, the estimated values of Ghe
remained less variant, which were also reflected in the
diurnal variations ofA .

— Results from this study highlight the importance of

atmospheric stability and differential treatment of the
roughness lengths in the determinationfbffor vary-

ing meteorological conditions. They also quantified the
sensitivity of theCy with respect tdRig.

However, a differential treatment afpm and zoh in
surface-layer parameterization scheme yield improved
results in simulation of{. This article also emphasized
the need for a fair representation of the stability condi-
tions of the surface layer in atmospheric models.
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