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ABSTRACT

The water infiltration into a soil system is a complex process dealing with oversimplified
standard models by not considering important physical features like slope and temperature
variation that govern the soil-water interaction and flow. Quantitative infiltration analysis of a
soil surface becomes very complex when the collective impacts of slope and temperature are
considered for micro-macro flow based on the land use and land type (LULC). This study
focuses on the infiltration responses of the topsoil layer in the ponding condition for flat surface
(0°-4°), gentle slope (5°-15°), and moderate slope (16°-25°) depending on the availability at the
site incorporating the diurnal temperature variation by conducting Double-ring experiments in
morning and afternoon session for each category of slope keeping all other factors similar. The
influence of slope was investigated separately as well on the conceptually designed hillslope
experimental set-up by analysing simulated rainfall and generated runoff on the soil samples
extracted from the agriculture, landfill, and bare surfaces incorporating the effects of 10°, 20°,
and 30° slopes. The experimental study was emphasised four common LULC such as
agricultural field, grassland, bare surfaces, and, from the environmental perspective, solid
waste landfill for the impacts of slope and temperature variation on corresponding infiltrated
volume. Three popular classical infiltration models, such as Kostiakov, Horton, and Philip
models, were optimised to generate the parameters producing the closest outcomes to the
observed cumulative infiltration in all slope and temperature variation conditions based on the
field experimental data. Statistical tools- Coefficient of determination (R?), Nash Sutcliffe
Efficiency (NSE), Percentage Biased (PBIAS), and Root mean Square Error- observations
standard deviation ratio (RSR) were engaged to evaluate the best performing model
incorporating the slope and temperature impacts. Total 20 scenarios were studied to determine
the quantitative impact of local topographical and local climatic conditions on cumulative
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infiltration. After the experimental studies, the physical-based analytical infiltration module
was developed by combining the modified Green-Ampt model for micropores flow in the soil
matrix and the Hagen Poiseuille-Manning equation for preferential flow from macropores
incorporating the impacts of diurnal temperature variation on soil-water physical
characteristics and inclination of surfaces. The model was calibrated by experimental data
observed from flat and gentle slope surfaces for all focused LULC in morning and afternoon
sessions and validated the estimated cumulative infiltration for moderate slope in a higher
temperature range. The results show that initial and final infiltration rates were not significantly
correlated with temperature and slope; however, initial infiltration rates were majorly affected
by the LULC and were found 2.56 times higher for harvested agricultural areas than grass
areas. Cumulative infiltration was generally lowest in solid waste landfill and highest in bare
surfaces among all selected (LULC). Cumulative infiltration volume has positively correlated
with slope and temperature variation for all LULC under ponded conditions. The observations
of the hillslope experimental set-up show that agricultural soil has experienced higher
abstractions for all slopes and got saturated earlier than other-focused land uses. The infiltered
volume was significantly affected by the slope of the surface when runoff was allowed and
showed the average reduction in cumulative infiltration was analysed as 7.62% and 27.8%
when the surface slope increased from 10° to 20° and 30° respectively. The mean rise in runoff
was observed as 18.34% and 45.5% for the same increment of the slope. Overall, the Philip
model showed the most efficient performance after the developed infiltration model (GIM) as

per the statistical analysis.

The study is expected to be valuable for decision making in land management of focused land
covers, irrigation management in terms of estimating field-scale runoff and infiltration by
providing experimental supported data. The developed General Infiltration Model (GIM)

proved to be more efficient and useful for better estimating the infiltration characteristics
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incorporating the combined impacts of slope and temperature. The results are expected to be
useful for landfill management regarding the environmental aspects situated in the humid

subtropical region of India.
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T YOIl H ATl T 3cT: ¥t Ueh SAfeet Uishan § it FATE-UTel & Hletet 3N ware &l fdfad
Y aTel GelTel 3R ATTHTS THeoTT ST HgeaquT $ifieh TaRIVAr3it o faer o s 3rfaareliehd

AT Atsel F AT &1 AT HT Tdg &1 AFcHS 3 d: T fageiyor g SfeT g ararg a9

HIA 3TN AR A TP (TAUerN) & TR I FEH Hehl TaTg & TIT Tellel AR ATTHAT &
A Tl W AR fRar ST 81 I8 e AT TdE (0°-4°), Sicel gelleT (5°-159), 3R

HEIH oIl (16°-25°) & oI Tah I arelt T FeUfT & 37 @aft ehi & IATH @A BT Golled $r
T A0 & fIT gag 3R aATeT & G H STA-RAT TT hleh Sfateh ATIAT feeTall T emider
EIT{?Tg'U ST TACE T IR T TG AT ThATT IR €T higd AT g, SiT TIRTcH U Golle]

FT 3T W A FRAT &1 TlTeT & THTT T 37T9T-37619T ST Y 315 33T 1Y &Y 3[TURUNcHS
& & f3i1geT fohT a1 TgTSY Tellel TTIcHeh Ye-310 UX wTeholl AN T [a2eivor ateh 3R 3,
oIsfher, 3R el FET § 100, 200, 3R 300 GelleAt o THTGT T AT P §T ALY & AT W
3cUeeT 3T9ATE T TALANOT fohaT I1T| T fateh 3TeTeT o IR AT TogUeldll S1Y iy &7, ard
& Her, ol dclg, 3N, TR0l TfhIvT F, Tellel & [T 31 3rafrse dsfiher 3K Faftra
AT BT AT IR ATTATE =TT JaITal TR SR ST | 839 aamcaeh ST & 3MUR R F8il geltet
3R AT fRerar Rt 7 2 a1e dol 37d:T2e & fAhedd TRUMA 3cdeed A & faT
Mot AN TRaRe 3ia-Eest Alsa, o & wiffcama, gida 3 ffaw Afse &ty
3fefeptolct fohT aTT | FITETHTT STRIUT- TAEROT T J[0TIh (R2), 12T HeTebolth G&TAT (NSE), Tfcerd

SIIES (PBIAS), 3R & ALY T - racliehel HIeTeh faeelel 3e]dTe (RSR) T 3TN Golel 3R
CTIHT FHTGT T MTA I T TS Ferelel A el FAISel T FedieheT =1 & forw fpam aram
7| FerdY 3T Tee W T AT IR FAEAT STerdrg TRIEATIGT & ATATcHb Feira
freiRa Ftet 3 T et 20 ARt 1 sreaer R o a1| SR sreaat & ag, Hifas-
TR fIRAYOTeHe 37d:Fiee ATSTe I THCE & Afeara 3 ASHINR vaTg & forw wenfad ifie-



TFce Aisd 3R A i Sfae amaae f@erar & o difas fadwanit @ gema 3Rk aagi &1
SToRTT ST RMTTAE I §U ASPIART A ITHATAY TaiTe o oI g TeT Argfgel-AfelaT Fafeor i fAreiren
Tl foham | #Aiser 7 gog 3R Auel & | 7 ot g LULC & faw @ure 3R
Sicdl ol ddal ¥ ¢® T YIARMcHAS Sel garT Hhfdse forar a=r o1 3R 3=g avaAm
AT A FEIA Tolled & AT AT Tl 3ia:Ted A A fhar arar| aRomsA gard
g & 9Rfee 3R oA a:Eed &Y d9Ae 3R ToeT & Y Fgcayol §9 ¥ Hgaecy
A€ &; greilfeh, IRMEAF I Tead i & LULC gaRT JHE &9 § gefad g5 off 3R o
arel 81T @ Jolell H Hers atel HN &1 & v 2.56 e ftE arg S| @l wafad

(Toguerdl) & o ol T Thee A dR W 31 IYRISe ofsfhel & To8 7 3R gelr
Tasl # gy 3% Y| It 3a:Tea AT drae S aRfEufaal & g LULC & fat
Sollel 3R AT9ATT fRestdl & 1Y FHRIcAS T q GgHIcY gl TgE Sellell & Yrafdieh
Ye-3T & Hadlehed A IaT Toial ¢ o HN AE F | o=l & fav 3= 3ngcian
373 T & 3R 3w i off& 3T &Y Jofel H Tgel HJod & IS &1 ST YA
T AT & IS A TF TAE & TelloT F AT T AT Hrehy Fanfa g ofr 3R fermra
T Ar & @Rl 3T A Ea wer @ faverwor 7.62% 3R 27.8% & w9 H fan

AT AT, S TAG Tellel HAM: 10° @ 20° 3R 30° o §¢ AT AT| Tellel T FAH Jefer
& forw 3ryarg # 3ad geftr 18.34% 3R 45.5% & &9 & o&@r 715 M| Fel A, i
AlseT o WIETHT TRV & TR A HA:-EheeT Alsel (SNNETA) & Je Foh
Ferel Fedlel T

wrfaeh AT ST Yol Fah &TF-ERIY IAg 3R I FheA & IHeholl & Hedl A
e 7fA FR & #H weve, e wwua 7 Aol o & v wwqd seees & Jeaas
gl &1 3G §1 RAfa | 3id:wee Alse (SNHETH) Telled R amaAT & @
gl 1 A A §U A Teed H FAATA3T 1 dgR JHeholel A & v s
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Total pressure heads
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XXii



Ibr Drainage flow

E Objective function for minimum error
O(i) Observed values at time step ‘i’
S(i) Simulated values at time step ‘i’
0 Mean value of observed data
S Mean value of simulated data
ht & ha The water level at time t and t-1
T Temperature
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R runoff
T Weightage average temperature
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Vi Variable value on it position
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A Model constant
B Model constant
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Ta Air temperature
Tw Water temperature
U Dynamic viscosity
A 1.98404 x 10°® Pa-sec
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pr Density of water at temperature T
kr Hydraulic conductivity at temperature T
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AP Pressure head gradient
Ax Variable length of macropore
qt Water flow rate
g Gravitational acceleration
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