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Abstract

The interaction between land and atmosphere is complex and non-linear in nature.
The mode of this interaction between land and atmosphere is governed by fluxes. It depends
on many controlling factors that are both dynamic and static in nature. The work carried out
in this thesis tried to investigate the spatiotemporal behavior of soil moisture and turbulent
heat fluxes, viz., latent and sensible heat fluxes, under the influence of these controlling
factors and understand the role of soil moisture in the proportionate partitioning of the
turbulent heat fluxes. To that end a land surface modeling infrastructure, viz., CESM-CLM
version-4.5 (CLM4.5) in standalone mode, was used. Such an analysis required the modeling
system to produce valid spatiotemporal behavior of land surface states. But the evaluation of
a coarse resolution model simulation with finer resolution observation has its own set of
challenges. This prompted the introduction of a new set of evaluation metrics that are based
on temporal dynamics of the system. A satellite based soil moisture product was used as the
observation system because of a paucity of in-situ measurements over India. Since, satellites
are also known to have its own error characteristics, prior to the model evaluation, an
evaluation of the satellite soil moisture products was also undertaken. Based on this, the
thesis was divided into three broad objectives: 1. Evaluation of satellite observation systems,
2. Evaluation of the modeling infrastructure, and 3. Spatiotemporal evolution of land surface
states. These three objectives form the three main chapters of this work, which are discussed

in brief below.

Chapter 2 discusses the evaluation of available satellite soil moisture products over
India for an overlapping time period from 2010 to 2013. Four available satellite products
were evaluated with a soil moisture reanalysis product from Modern Era Retrospective-

analysis for Research and Applications-Land (MERRA-L). Under the aegis of the European
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Space Agency-Climate Change Initiative (ESA-CCI) program, three multi-decadal soil
moisture datasets were generate by merging all available satellite soil moisture products, viz.,
all-active-merged product: CCI-A; all-passive-merged product: CCI-P; and all-active-
passive-merged product: CCI-C. They were compared with ESA’s Soil Moisture Ocean
Salinity (SMOS) product. A two-stage evaluation strategy was employed here. First a
preliminary time series and correlation analysis was carried out followed by a novel error
estimation methodology called Triple Collocation. It was observed that over India the
ascending swath of SMOS had higher error than the descending, which prompted the use of
the descending swath for further analysis. From both the preliminary time series and
correlation analysis and triple collocation analysis, it was observed that active satellites have
a higher performance over India except for the western arid and semi-arid regions. This was
followed by the CCI-C and then by CCI-P. SMOS showed comparatively high values of error
than the rest of the products. However, as SMOS is an L-band sensor compared to ESA-CCI
products that are retrieved from C-band sensors, it showed better performance over the dense
vegetated regions of India. Based on this analysis, the ESA-CCI products were used for

evaluating the modeled soil moisture over India.

Chapter 3 discusses the methodology and the subsequent results of the performance
evaluation of CLM4.5 simulated soil moisture. Since, CLM4.5 is being run in a standalone
mode with prescribed atmospheric forcings the impact of reanalysis precipitation on the
model simulation was also investigated. Two reanalysis rainfall products were used, viz.,
CRU-NCEP and MERRAZ2. This inter-comparison analysis showed that the performance of
CLM4.5 forced with MERRA?2 was better than when it was forced with CRU-NCEP. Thus,
the soil moisture simulation of CLM4.5 when forced with MERRAZ2 rainfall was used for the
final performance evaluation of the modeled soil moisture. The performance evaluation

methodology employed consists of temporal stability, auto-correlation function, and triple



collocation analysis. Temporal stability and auto-correlation function analysis was used to
check the congruency of spatiotemporal dynamics of soil moisture as observed by the model
with respect to satellite and reanalysis. This analysis suggested that CLM4.5 is able to capture
the spatial and temporal dynamics of observed soil moisture. However it showed high values

of random error as estimated from triple collocation.

Chapter 4 demonstrates the behavior of spatiotemporal evolution of soil moisture and
the turbulent heat fluxes over India. This is achieved by decomposing them into time-
invariant, space-invariant time-variant and space-variant time-variant components. These
relate to the control of dynamic and static factors on the behavior of land surface states. Thus,
the three decomposed components are able to give the contribution of each controlling factor
on the spatiotemporal variability of land surface states. It was observed that over India at a
coarser resolution of 0.9°x1.25° latent heat flux has a stronger response to soil moisture
variability than sensible heat. It was also observed that both latent heat flux and soil moisture
are dominated by static controls like soil type, topography, etc. However, sensible heat is
dominated by the dynamic controls, like atmospheric condition, land surface temperature, etc.
One of the intensions of this work was also to check the viability of a multi-variate land data
assimilation system. And based on the results, it can be concluded that for a spatiotemporally
variable region like India, a multi-variate data assimilation system is the right way forward.
This thesis ends with a few suggestions as to the direction in which the work done in this

thesis can be taken.
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TATHT TRTLAr

A 3R ATATROT & i ST JAfeer 3R IRI@F g 7 &1 1fA 3R agAsa & g
S STl & TRIhT JaTg SaRT AT &1 Tg S HAAAUT shiehl IX 38 Il § it wehfad &
arfaefier 3R T gt &1 58 N/ & fhw a0 F7 F A Fr 7Y 3R 3rena st

ATgehcdT, 31T, FITH 3N HASIGR ITHT JaTgere 13T & TN sqagR T ST et
IR Y, SoT fiTTeh PRl o THTT H AR TACE dhr AT T AT &l qHAST & faw
3MTeTdTiceh [q3TTSTeT 37Tt 91T YaTgehed 38 [T Ueh ff& Hclg Alsoiar gfAamdr e, s
dsraud- Avaud & tRIA-4.5 (HTATH 4.5) T3 AIS H STIATS T 3147 AT 5F
AE & Teh TARWOT & forw Afsfoler ffEea §1fA {7 T2t & 3 spatiotemporal STAER T
3cUTesT el I JTaRTehdl g1 AAfehel SgaR Rlog2rel 3deilehel & HIY Ueh HIC Refleg2re
AlseT [AHINT HT Hedichel YAl &I YT A 81 = [AFeH & Filfehen arfaeiierar @
IMUTRA HeATohel ATl & Ueh AT HC HiT YT HN| Teh 39Ig MR A S 7
3cUle, 5o7-HI & el I dolg & 3dcllche] JUTC & &G H SEAAT fohar 37 AT HRAT W
AT Yfeh, AlSST HoATehel & gl SYGT bl AT e TAATAT3T & ToIT oY ST SI1etr &, 39978
TS ST 3cuTeT &t FHoATenst o1 Tondm a1 ATy 38 W MR, DTEH I ofieT carae 3egrat
H TTTor foham aram AT 1. 3UE 37dcilehel YUTTeIl &l FHedlehed, 2. HISTeIT BT I HedTehe,
3R 3. A HIg T THTTAT el dlell aEIU & Spatiotemporal faehTe 1 & A1 3682 58 FH1H
o olieT HET AT &, o7 O AT FedT & =i hy a1 &




AT 2, ARG & 2010 T 2013 des Tah Jifacard &7 379 & OIT 3uersy 3Uarg

A &7 7ol 3cutel & Hodtehel T AT FIAT 1 TN IUASH 3YIE UG T Hodlehed
fAEr dr i Wfaf@a 3cure & |1y 3mefaes Ja1 GoRige -fa2eivor & faw femar i o,
IqHUT 3R IIANT & AT faelvor vq- s (AR vel) | U TF Toidl- ol <t
sfAfITieT (GuaT-aeiang) FEswa & dearaene & , i Sg-aRmaTer fAee & 7 serde
g3l 3ctst 3udrg fATE & 1ot 3curel, o, I3 afha-wer frw a7 3curel &t Ao
SR ga & dpmsr ; gl ATEa-ffew 3cue: dfimsadn ik @i
AihT-TA TSR faer 3cure: HNMS-A| 3eTehl Jofell STHT T HeT AH HETHER oToTcll
(THUHSTH) dI3TRoduct & AL &I 1S AT &l- TOT HedATehe] {0 JgT LT &A1 I6a
Teh RIS AT ATl 3R FEAH TARATOT & e el Sie2re AT Teh 30 e
3eTHT YSHIT o dTe fohaT a1T) Jg QT 1T AT foh HR 81 & THUHASNTE o HRIET T
H 3R 1 Jofoll F 318 qfe o, THeT 31meT & faveryor & forw 3redy w4 & 39ier &t
IR T IR A el & 4@ 3R FgHar faRelvor 3R feuer slcieher fageyor,
Ig <@ 1T AT foh iR sk 3R 37EE soh 8731 hY SIS Alohd 3UIGH T R T 3T
e eieT 8T &1 58 aTe DA3S- 3R e AA3mS-oY arT v a1 vHuEsNTy o S
Ul @I Jefell H JE o 3IeThd o0 Hod [G@IU| gTelifeh, Tieh THUANITH $-HTH3MS
3cUtel T Jofell H Tol-ds SaT g S A1-d3 dEX @ goAvied fohar Siiem 8, I8 R o el
FIETT &5 W 9ga] Y e fe@rar &1 38 fa2avor & 3 oX, STau-aei3ns 3carel &
SEAHTST AR T ATsTeler FAEEY 7Y &1 FHeaienet et & fore fama arar am

37T 3 YeuTa 3R MTATH 4.5 IR A 7 & FeRleT Hedrehel & d1e
qROTAT o) ==l T &1 i, MTATH 4.5 &1 fReiRa argaselar wifdr & @y #s3releT
A1 F AT ST TGT &, Aisel [HHINT R AT a7 & F811a hr o ST ahr 915 oy ar



YelotdlaliehuT aNT ScUTal &l 3T fohar 1T, S TR Treisdr AR AT 21 36 3w -
JoTelT TIQeIYOT & Tl <Tell foh THSINAIRU 2 & A1 Holel HITATH 4.5 T FeeT Sge AT
SH YN, TATCIRU 2 aNT & A1 AT §lat W HTATH 4.5 hl AT T [@aerreT &1
SEHATRT AlsTolaT THEET AT & 3HTAH ygeie Heamhst & forw fham arm am) HAiford forsarest
Hodiehel et # IEURIY T8, HIel-Hgaatr ARG 3N el shlelere aeersor enfde
g1 Heuifae fREaRar 3R 3ifer-agdey therereT faRervor &1 39919T 393rg 3R J=nfafaa &
et H AlSe GaRT FHATT IV HTAR THCET T T o TNTAINHAGRTS FTTRATeldT T 31egeperar
Y W o ToIT foham aram 4T 38 favelyor & geia fear & fh CLM4.5 #erar fAed fr s 6
Tuifae 3R oiferen afdelerar & gifder e & |efH & gt I8 U SieliehereT &
AT AT JE & 3o Hed G g

TEATY 4 FeT AT & Hehsl o A 3R HRA A IYA-GUel ITH o JaTg & cdgR
&I G2 81 IE 3o6 TAI-IRTAANY, HARET-TRTAAT FHI-FEROT 3R HARET- oot
TAY-FERIUT Teehl & TAETET dieh g1l fhar STar &1 3 $ff Fclg Tl & cFagR W
arferelier 3R TAfAw FRH & FTF0T & FfT §1 50 IR, oiiet faufed aeent i dde
TSIT & spatiotemporal TRATAMTAT W TcAH TTTh HRp FT A9TGHT Sd H T&TH &1 Tg
QT 31T o R # 0.9 T3l afewad 1.25 33t & v wIER Reffegeret u¥, art &y aradt
Jorell # 3egerd 1T garg # A & aRad=gdr & T v Asteq gfafsar g e o
qrT 7T TR gt 3787 aRoT 3R fAEET Fir 7ot 2R faz=oi & wenfaa gidr g o fof e &
YhN, T, e grelitch, AR 1T W arfceier =a=or, argasy Fufd, f&
HAE o ATIHIA, TG HT TS AT &1 T HIH T Ueh Sg-fafaer §{fH SeT HTeheleT JoTlelr
SIIETIAT T ST Y LT a1 3R IRUTAT & 3R W, I8 [y Aerer ST Gehar g
HRA SN U TAAF &7 & TRAGNT &7 & fore, veh sg-fafaer 3er meheret gormel agy
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