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Abstract

Abstract

Over the years, notable contributions have been made by the researchers to improve the accuracy
of various physical parameterizations based on recent scientific developments, increase in
computing resources, and the availability of more reliable observational datasets. Researchers
evaluated the performance of the existing numerical models and also attempted to improve their
performance by increasing horizontal resolution, manual and semi-automatic tuning of parameters,
modifications in the cloud and convective parametrizations for the India-centric climate
simulations; however, challenges still persist. This thesis is focused on critically evaluating the
existing surface and boundary layer parameterizations of global as well as regional scale numerical
models, and attempts have also been made to update these schemes based on recent scientific
advancements and existing mathematical inconsistencies to potentially improve their
representation/performance for the India-centric climate simulations.

The surface layer parameterizations in various Numerical Weather Prediction (NWP) and
General Circulation Models (GCMs) are based on the famous Monin—Obukhov similarity theory
(MOST) and follows an iterative or bulk approach. The non-dimensional vertical gradients of wind
and temperature are expressed in terms of stability correction functions for momentum (¢,,) and
heat (¢y,), respectively. According to MOST, ¢, and ¢}, are universal functions of the Monin—
Obukhov stability parameter ({) and generally known as the similarity functions.

It is a well-known fact that different functional forms of similarity functions in surface
layer parameterization may perform better over different locations as well as seasons. For this
purpose, some of the well-established similarity functions under stable as well as convective
conditions have been incorporated and evaluated in the surface layer parameterization of National

Centre for Atmospheric Research Community Atmosphere Model version 5 (NCAR-CAMS) over
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Abstract

Indian land and associated different climatic zones. This suggests that the performance of different

similarity functions is spatially and temporally dependent and these functions may judiciously be
chosen for climate simulations. It is observed that different surface layer schemes have restrictions
on the values of either  and bulk Richardson number (Rig) due to limited applicability of similarity
functions under stable conditions. To address this issue a systematic mathematical analysis has
been carried out to estimate the extent of applicability of various non-linear similarity functions in
terms of { and Rig for computing surface turbulent fluxes under stable conditions. The
mathematical analysis is carried out by exploiting the monotonicity in the observed behaviour of
both transfer coefficients for momentum (Cp) and heat (Cr).

It is observed that ¢, and @y, based on the three sub-layer model proposed by Kader and
Yaglom (1990), are the only functions that are able to produce Cp consistent with its observed
non-monotonic behaviour under convective conditions over Indian land; however, these functions
are not commonly used in numerical modeling frameworks. For the first time, the three sublayer
model has been implemented and evaluated in the surface layer scheme of the Weather Research
and Forecasting (WRF) Model over an Indian land site. Moreover, an updated surface layer module
for the WRF modeling system with the provision of various similarity functions for the
computation of surface fluxes under both stable and convective conditions is proposed in this
thesis.

On the other hand, the planetary boundary layer (PBL) parameterization is used to describe
the turbulence transport above the surface layer and its height (PBLH) varies significantly during
a diurnal cycle in response to changes in the thermal stratification. The structure of the PBL
becomes complex with the weakening of wind and the extent of stability. This thesis attempted to
evaluate the performance of the two PBL schemes in NCAR-CAMS5 model over Indian land and
associated different climatic zones. Moreover, to improve the performance of a PBL scheme for

the India-centric climate simulations, the existing single value of critical bulk Richardson number
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Abstract

(Ricr) in all stratification conditions has been replaced by a thermal stratification dependent Ric; in

a PBL scheme of NCAR-CAMS. The modified scheme shows encouraging results in simulating
PBLH and other considered variables including surface air temperature and precipitation over
Indian land.

A unique feature of this thesis is that it covers the aspects of numerical modeling,
mathematical analysis as well as data analysis. The modifications are made in the existing surface
and boundary parameterizations of NCAR-CAMS as well as WRF Models. For the first time, the
thermal stratification dependent Ri.; has been implemented and evaluated in a PBL scheme of
NCAR-CAMS model for improved simulations. The schemes that have been modified in this
thesis are evaluated against the observational datasets from the India Meteorological Department
(IMD), reanalysis datasets including ERA-Interim, ERAS, and ERAS5-Land, and turbulence
measurements from two different sites: (i) Ranchi (India), and (ii)) CASES-99. The proposed
updated surface layer module for the WRF modeling system could enhance its potential

applicability for the community.
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e $© aul ¥, §Td & I faem, gl garel § gia iR offtre fayig sracia
STIT B ITAKT & MYR W Al Hifds Refifeezml @ Tdmdr § uR &4 & forg
Myhalsll gRT Jeara-1g ATer 13 11 81 Mydbdish 1 HivEl TS Hige & UaH
&1 Jeuich haT iR YRA-hfad STaarg Rgawe & forg afast Reiegze, Hacs! &t A
3R sif-Taaferd g+, IS IR Tagd WSO & e § uR o3 &1 off T
foma. graiitas, gt sndt off a1t g3 1 ug iR afyes ok Ty & afta Tom & ST
Hisdll &) ANl Jag 3R HHr Ra Rfew=m) &7 1R U § gedieT H37 W $i3d §,
3R Fuifad =u ¥ 3% ufafifia /e & gurR & o g1d &1 dnfAe wifa SR Hiear
Tiforda fagTiedl & SR TR 37 FioHTel &Y HRA-Sgd Sterarg Rige=H & 1y sfaT &
&1 Wl v foan T g |

faftm TReaTes TRH qaiga™ (NWP) 3R SRA 9dh e Hied (GCM) T I8 tRd
RifeoRM URg HifAH-3ig@id JaMdr RIGid (MOST) TR 3eTRd § SR T GoRigd A
o EVBIU BT U B & | §aT 3R dIHM & TR-3MTH Sealer Afsde HH: T (dm)
3R A (¢r) & forg FRRAT GuR &1f & ey & ogad fhU IId 81 MOST & 38R, dm 3R
b ANA-3NgEg FRRAT RRifiex () & FrdHifis wed § 3R 3 dR IR YA B! &
&Y H S 91 § |

I8 Us gdfdfed a g fob Idg IRd RHIfCSIRM # YA B! & fafve srafds
U fAfte R & T1y-g1 A 7 Hf 98k Uk R Ihd 8 1 39 I & oy, fRR iR
Y g Hae R & d5d $© 3! R U RMUT JAF Bar! & HRAT YH 3R
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TCHITHIR Hied IRHRUT 5 (NCAR-CAMS) & g URd IRTHIfCSIRM # =MiAa 3R Teaid
o T B | S9N U Iad ¢ fob faftie SHar B! o1 HeRiF R ¢k skl wu 9
R 8 3R 39 W &l Jaarg RigaRE & o faadwqut &1 3 A1 S 9l § | I8 ol T
& % faftra g wa diorelt #f RR uRkfRufad! & Iumdr e &t Tifid Tasaar & HRoT
7 AR Jeh RIS WA (Rig) & YUl R Uceie 81 $9 e, ! gl B o 1o1¢ FRRR uRfufaat
T gdg cycic UaTg &I TUMT & foU ¢ 3R Ris & G # fafld IR-Y&a qHH=ar e &
T 1 T BT STAH A & T T e fRyd 1T fazawor fora ma g1 it
fIRANOr T (Cp) SR AU (Ch) THI RAFIARUT UMDT & G T FdER H AR &
YR TR e S g

gg &l T & fob BIa SR IR (1990) GRT UK i IU-IRd Hisd & SMUR
W b AR dr, THHE B § S HRAT YT R dagd G & dgd o 3@ 7 iR-
e TaER & 3TET Cp Bl IATGT P | T&H &; gTaiih, 37 B! BT ITa
STHAR TR =T ArSfei aid & 78 fhan ol 8 | Ugeh aR, HRa T YfH IR TR Sg8e™
3R gafga™ (WRF) Aied @1 Idg WRd IRHIESRA & i JaeR Alsd & MiHd iR
i+ a1 T 3 | 39 Srefmal, FRR SR HagH alHl fRUfadl & dgd ¥ds & Yarg &1 UM
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g URd Hisyd 39 MR # yxanfad g

G SR, AT TR (PBL) IRTHICRIZOIRM HT IUANT Idg IRd & HUR cgaie JRag
&1 quf A & for faar e @ SIR ua wie?or & ufkad & wiare § 2 9% & RH
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