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Abstract:

During the recent years, frequent and more intense extreme weather events, especially severe
storms, have been increasing globally due to-etianging climate. Severe storm events continue
being a formidable challenge to sustainable environment, infcastalidevelopment and disaster
preparation and readiness. In the region of Algeria rainfall patterns and hydrological regimes have
shown changes due to climatic variabilities. Therefore, accurate prediction and modeling of
hydrological changes in resporisesevere storms remain critical in disaster preparedness and risks
reduction. Digital Elevation Model is one of the key tools used in hydrological modeling due to its
provision of topographical information that aid in developing water runoff simulaaods
evaluations of credible influence of extreme storm events. High resolution commercial DEMs
obtained from LIDAR data offer more precise and detailed representations but they are expensive,
thus not suitable especially in resouomnstrained regions. Ghe other hand, freely obtainable
DEMs are inexpensive but differ in resolution and accuracy, which might affects the precision of
modeling.The current research, therefore, aims to compare the performance of freely available
digital elevation models in ldyological modeling as influenced by extreme storm conditions in
Algeria. The study further examines how DEM resolution affects the performance eHNESC
hydrological model that is widely used in hydrological forecasting. It focuses on the spatial
resoluton influence of NASA (30m), ASTER GDM2 (30m), SRTM V4 (30m), MERIT (90m),
TANDEM-X (90m), SRTM V4 (90m) and ALOS PALSAR (12.5m). The research objectives are

to understand how differences in spatial resolutions of these DEMs affect modeling and to provide
recommendations for suitability and applicability in robust hydrological modeling. Generally, the
current research is expected to help in the determination of appropriate DEM models for disaster
planning and management strategies and water resource gldonianhancing infrastructure
resilience to impacts of extreme climate conditions. It is expected that the findings of the current
research will benefit the study region in Algeria as well as assist other parts of the world with
almost similar environmeat and climate condition3.he findings will help in the understanding

of DEM characteristics influencing hydrological model accuracy and overall disaster readiness.
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1.1. Background and Context
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worl dwi de due to climate change because of th
pl anning and mitigation stmposgsesnapoer aoabal I
environment al sustainability, infrastructure
witnessed In particular, changes in rainfall

climate change. fAclkwdradleo gpirceadli cte omonoses to s
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1.2. Problemstatement:

A digital elevation model (DEM) is a quantitat
in a computerized format (Burrough and McDonne
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it a fundame mtyalr otl omiic afl applications (Uuemaa



1. BHE OBJECTI VES

XMain Objective:

The main objective of this study is to invest
Digital El evati on Models and their suitabilit
storm evbdetis amgpact on the performance of the
understanding of how di fferences in DEM prop
provenance, ensure the accuracy andgrelkit alimlei
weat her conditions and thus i mprove our abil i
of extreme weather stor ms.

USpecific Objectives:

1. Evaluating t
simulations an
determining th

he effect of the different spati
d the accuracy of the hydrol ogi
e optimal accessey. for differen

2. Evaluate t hedeeafifveecdt spaocfamsBEMS Dut ed hydrol og
predictions of severe storms and i mprove the &
storm events.

3. I dentify DEMS characteristics and hydrol o
uncertainty/errors in forecasts of severe sto
4. Determining the opti mal resolution of the D

6. Summari ze the results and provide recommend
DAMs rfessrearchers, practitioners and policymake



1.4: RESEARCH QUESTIONS AND THE HYPOTHESIS:

1 ResearchQuestions:
1. How do the different resolutions of the fre
affect -HMSe hHEC ol ogi cal model ' s prediction acc

2. How does the choice of DEM resolution affect
(HEC) predictions during severe storms?

3. What are t heereiffedttserorfaiDEAMSa rpa needti ecrtsi oonn uHhE
during severe storm events?

4. What are the main characteristics o0oHMBEM t heé
forecasting of severe storm i mpacts?

5. Can freely avail abl e Gl obal Digital El eva
representations of complex terrain hydrologic

6. How sensitive are the hydrological model 0
sources, such as MERI T, NASAX &RIMALASTERL SAM

7. Does DEM source significantly affect hydrol
during severe storms?

8. What i's the opti mal spati al resolution of C
study area and what is the minimum requiremen
hydrol ogical model predictions of severe stor

T Wor kHpgot hesi s

1Assuming that a higher resolution DEMS wil/l
to predict runoff wvolumes and peak discharges

2. Assuming that one or more of the free DEMs
hydrol ogi cal mod el

4. Assuming that the uncertainty of the free L
and 30 metres

5. Assumed that there iIs an ideal accuracy of
reliability of hydrological mo d e | predictions

My



1.%i.gnificance and Rational e

The i mportance of this study I|lies in that wit
weat her event s, especdiafl fl gr esretv erreeg isada s masr, o wlarf d
become an wurgent need to accurately predict

extremely important for effective disaster me
research ivallhaded.g Byare ous Digital El evati on
area in predicting the eff-BEMEs hplr slevgeirealst
understanding the | imitations of t he DEM <can
pedi ctions, the research results wild!l al so gu
i mproving the reliability of hydroThgicatlti éoal
for the study is based on the diverse resoluti
guestions about their suitability for hydr ol «
exploring these quadshtuitceensv,altuhae | st udys i gahnt sc a ot
practi toildmer smakpr s i nvol ved i n hydrol ogi cal
practitioners in the field of c¢climate change,
i mpact of DEM characteristics on hyndrof ogdeal
DEM model s and i mprove the accuracy of severe
determine whether freely available Gl obal Di g
accuracy for modeling severe storm.

1.6. Study Suitability :

The research evaluates various freely accessi

accuracy and reliability in predicting the ir
significantly todivaaswoers prepacadnaseasndfri s
and intensity of extreme weather events incr
Hydrology for effective disaster management .
stormfr wond umes and peak discharge, which are
effective mitigation strategies. Choosing app

i mprove the accuracy of hydrolegtcdl gmbdtl dat
that provide reliable data without the high c
supporting sustai nlaibhiet pd arcegicenss i aaucl saurAleg e

By prioritizing freely available di-gesalr cnode
regi ons. It explores how these models can pr
regions that cannotesalflfudi d&vradx pen smovWed ISlei gamd t
hel p policymaker s, practitioner s, and researc
for hydrological model i ng. This support i's cr
withstandcamdnaacdapmptaet s, and by investigatin
as spati al resolution and parameters such as
study adds to our scientific under stian kienyg toof
enhancing hydrological models and their predi



Al t hough the study focuses on Algeri a, i ts in
facing similar challenges with extreme weat he
regions improve hydrologistatamegieés ng and di s
This study is well equipped to address |l ocal
water resource management, and disaster resi.l
of wvari owlsi wetad hmodel s, itta pgrhawi dcesn igmp aret & rnutt
influence policy deci si ons, ul ti mately I mpr c
hydrol ogi cal i mpacts of extreme weather event

1.7.Scope and Limits within Previous Studies

The scope focuses in particular on publicly a
are |likely to include the availability of cal
model outputs where assuumptei ccrmad irakad i sonf fdiadiae
Whil e previous studies have explored the i mpa

the scope of this study was extended by evalu
comparing them iHM$ethhyedrr.ol Tolyge c HE&€dnbsdeh pnaeyi
di mension to the investigation in |line with
di saster preparedness.

1.8. Relevancef the study:

This study is of utmost local and global importance because it evaluates global Digital Elevation
Models (DEMSs) in hydrological modeling of watersheds in Algeria, which impacts hydrology,
environmental science, engineering, disaster management, and pdéeglopment.
Understanding these processes enhances the effective management and protection of the
environment and natural resources, and is one of the main points that The following highlights its
importance=- Algeria is exposed to changes in rainfalttpens as a result of climate change, in
addition to various weather phenomena and changing hydrological systems. Understanding the
importance of the performance and impact of the accuracy of various digital elevation models in
hydrological modeling in thetudy area is important for building hydrological resilience and
adaptation to climate change.

The research can provide empirical evidence t
and disaster risk reduction at the | ocal and
recommendati ons on the seliecttiioom amod el se amf (¢
formul ation in other areas.

Gl obal applicability While the study focuses
of interest to researcheregamhspraaaouintdi ¢mher svo
chall enges related to hydrological model i ng

insights could guide best practices outside o



Chapte€Conhwept and | i terature r

2.1.Extreme climate storms

2.1.1 : General overview and the defini
The concept of "extreme weather events"” enco
met eorol ogical phenomenarnreabthichmg hiampascti noi it
economy, and society. Consequenlt layr,e a hoefs es tewdey
climate change research. This trend, intensifi

in both the frequency and severity of hurrica
and coll eagues in 2018.

Ant hropogenic activities are the primary cont

emi ssion of greenhouse gases. The I ntergovernr
repaftirmed that hum2mtactcieanuryi mae et beemi d h
of observed global war ming, significantly inf
Knut son and his team in 2020i nhdausclehdngthéi ghtaade
enhancing the energy of tropical cyclones, S
surface temperatures, el evated greenhouse gas

weat her stor ms.

Addressing this intricat€aiceseed regpiomns® si, mmen(
edge and precise methods to monitor and analy
informing policy decisionstandiitmghémenbhiengdp

climate change on extreme weather event s. Th
tornadoes, torrential rains | eading to floods
becomi ng morde vprgeowaluesntduaen t o the warming of t
as reported by Seneviratne and associates in

Filg Extreme Climate and Weather Events



2.1.2 : the types of Extreme climate st
Severe weather stor ms, notable for their prof
society, are directly |Iinked to the consequen:«
on their characteristics andol mpacab ERrRtoetbs
Extremes, and Hytdhel tait¢ca&lr BXetit ngmeshe-, praismary
highlighted by Seneviratne and coll eagues in

‘ The Types Of Extreme Climate Storms }

f
C Meteorological Extremes >

)
gr—

Fi2g The Types Of Extreme Climate Stor ms
A)Met eor ol ogi cal Extremes
0 Thcategory is recognized as one of the wvario
significant repercussions on both the envirc

encapsul ates its di

2021)
N Name

verse

Characteristics
power ful storm 9yetsesms

Tropical surrounded by strong. Wi

(Includiover warm ocean Wahteelrrs_.\

1 Hurricanethe.y are known as hurri

T hoonsPaC|f|c Oceans) , typhao

yp Ocean), or cyclones (So

(NOAA, 2021

rapidly rotating col um

) Tornadoet.hunde.rStorm to the gro

high wind speeds and po
ovepbcal i zW@AArepaB21

Severe can produce heavy rain

3 ThunderstWIndS' They can also tr

such as flash f(AM&di 891

. represent |l ong -aperiages

4 Drought'Ieading to sevekPer wian e/

types,efdlewcdisd a t(iNnOgA

|l mpact s

These
devast
|l andf a
fl oodi
damage
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Extended peri ods of ex Heal th ri sks,
Heat Wav someti mes accohupnaindiietdy, b vul ner abl e popu
affecting areas WwWiPehkamelectricity gri.:

Narrow regions i n t he

Atmospherisignificant amounts of -Major flooding
landfall, they carHa@awdmcchall enges to w.
al 2012) .

Caused by strong w
Dust Stoansgand from the gro
seqiri d reeirknans, 2

Reduced air qua
respiratory heal

Tabl:e Types Of the Meteorological Extremes

A)Cryospheric Extremes

It descri lceosndtihe onnsveoreval ent in the Earth's
where water i s present in solid for m, such a
per mafrost. Examples include:

1. Blizzards: | nt en s ec osnntoiwisut cour smss tarcocnogmpvainn cesd
enduring for an extended duration, wusually th
2 . |l ce Stor ms: |l denti fied by freezing rain,

forming an ice | ayer on all objects.

BHydrol ogical extremes : (The study wil/l addr
Extreme hydrological events encapsul ate phenor
and distribution, such as floods and droughts
area's wusual hydr ol ogi cal atemenlda tta do nisn c il deeardti sn g
by both surpluses and shortages. Climate chan
A profound connection exists between extreme |
with floods often resulting from hurricanes,

|l eading to both coastal ansdt drnmsanadn fh yodorda Inogg y
i mmedi ate water extceersns itsos ueensc oimnmp ansast elrommganage m
destruction of habitats.

Studies within climate change research have &
water cycle, increasing the occurrence of ext
in various regions (Trenbesrstiht,y 2f0olrl)a Hdliiss thi
weat her forecasting, di saster readi ness, and
substanti al chall enges globally, i mpacting mi
This includes:



1. FIl oods:

-Fl ood s,
causes,
frequency

natur al occurrences where water i nun
ncluding intense rainfall, stor ms, m
of these inci demamngearan do nh utnhaen raicstei

deforestation and fl awed wurban development,
several types, as identified by the I PCC in 2
2. General floods:

-These result from widespread area submersion
snow and ice melt.

3. Flash floods:

-Characterized by swift and severe water fl ow,
flash floods are particularly perilous due to
4. Gl aci al Lake Outburst Floods (GLOFs):
-Occur with the sudden release of glacial | ake
causing devastating fl oods.

5. Storm surges:

-Abnormally high sea | evels caused by stor ms,
cause extensive coastal flooding.

The risks associated with these flood types i
term environmentaff@atsm, oandgadeelrsere and hu
Uttarakhand flash floods i n I ndia exemplify
emphasi zing the critical need for effective p

i

© A Kiinzelmann/UFZ

Fig3:The Hydrological Extremes (Floods)



2.1.3: Impacts of Extreme climate storms :

2.1.3.1: Global | mpacts of Extreme clin
Extreme climate event s, encompassing stor ms,
i mpacts acAossalt hg,gtblkesee occurrences | ead to
and human | osses. A comprehensive summary of

Economic and Infrastructure Damage: Annuall vy,
doll ars in economic | osses globally. I n the vy
affected more than 33 millioamapeeopedmrc wopd dsve o
wind damage to both infrastructure and resi de]
essential services, including electricity, wa
Human | mpact: These catastrophic events are t
to massive displacement of communities. The s
and erosion resulting from storm surges. (KI o
Economic Sectors: The financi al repercussions
causing extensive |l osses in agriculture, tour
2 Hydrol ogi cal ExXtremes:

onomic Losses: I n 2022, the global economic
droughts significantly undermine agricultur al
susceptibility to these phenomena. (Gould et
Loss of Life and Di sipnldaucceende nfta:t aA nintuiaelsl ya v ef rl aogoe
By 2030, drought <conditions could jeopardize
(Rummukainen et al ., 2022; Hari et al ., 2020)
Environment al and Heal t h | mpact s: FI oods anc
freshwater and | and ecosystems, posing a thre
demol i tion of residenti al arearsastroatdwags, F
rami fications include the proliferation of we
erosion of food/nutrition security and sanitar
WFP, 2022).



2.1.3. 2 |l mpacts of Extreme cli mate sto

Africa's heightened vulnerability to extreme
drought s, i's exaccevwaltepmmebnyt ,r appoivde ruryhanand a
readiness, particularly in coastal zones, aff

1) Storms and Their Consequences:

a FIl oodi ng: Events | ike Cyclones I dai and K
Mozambi que, emphasizingrikhendfasobdcngf {ar &eo

b. Storm Surge Flooding: Significant urban are
storm surge floods, posing substanti al ri sks
(Terchunian et al ., 2019).

c. Widespread Damage: High winds are responsi bl
significant agricultural | osses, thereby agagr
d. Public Health Crises: Disruptions to water
to public health crises by facilitating the s
e. Displacement: Storms | ead to internal disp

communities (1 OM, 2015) .

Figéd: |l mpacts of Extreme climate storms in Africa

U Droughts and Fl ooding

a. Food I nsecurity: The severe drought that s
food securovteyr, 1p3 ummiglilnigon i ndi viduals into cri
areas | i ke Somalia (OCHA, 2011).

b . Economic Damages: The fl oods in Nigeria in
and human toll of such natural di saster s, Wi

hi ghlighting the significantNCfUHRgn Qi0&2I12)i.mpact



c. Agricultural |l mpact : Drought conditions re

|l oss of livestock, thereby increasing the fra
d. Urban Vulnerability: Slums in urban areas,
soeicoonomi c challenges as a result of these ex
e . Conflict and Resource Competition: Drought
competition over resources, thereby elevating

Fi gAor:elms Af AfifceaByDrd ught

2.1.3.3: Impacts of Extreme climate sto
Al geri a, | ocated in North Africa, confronts cons
extremes, such as droughts and floods. These chall
resources, agricultucabrproductivity, and infrast

1. Floods in Algeri a:
0 2001 Algiers Flood:

A devastating flood hit Al gi er s, claiming o]
susceptibility of Algeaiindmal brbad cewot éi ght edh
country's drainage systems (Gaume et al ., 201

U 2008 Ghardaia Fl ood:

This event resulted in more than 30 fatalitie:c
infrastructure to contend with intense rain a

0t 2011 Heavy Rai ns:

The country faced significant rainfall, af f ec
persistent flood risk within the area (OCHA,
Coast al Erosion and Storm Surges: Coast al reg
storm surges and coast al erosi on, endanger i ng
2022) .



Ul nfrastructure and Agriculture Damage:

The strong winds and substanti al rain | inked
to both infrastructure and the agricultural s

Fieg Fl ash floods of Bab EI Oued (NovEimpZzr HIOoo0o@® 0l Al giers in

Fi8g FIFlac ®fdwa di Mb @catbober 01, 2008

|Type of floods in Algeria

50
| I
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2

o N
Coastal Rlslng SIowﬂoom &muee meapld Floods th Hoods Pomﬂng
floods Groundwater
Floods
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FigmMap of disastrous i20d8Hs in Algeria (1965

1. Droughts in Algeri a:

During the early 2000s, a prolonged drought ¢
ur bmingration and highlighting the extensive

scarcity (Ouassou et al., 2007). Additionally,
shortages, worsened by their cdeespdndkender eonMiawvii
(Zettam et al ., 2017).

Fi gLhbnp aOftbr ou®@hThdands Al geri a

2.1.3.4.Climate Change Projections

Climate change forecasts indicate a rise in
phenomecéayudi ng both heavy rainfall events and
poses additional chall enges for disaster risi
variations (Gaume et al ., 2016). i ThAal geamidi a
substantial, i mpacting millions of people and
natural assets. As the risks associated with
African nations, imugthdloicutsi @ ndii snpd teemre nrti sk r €
plans. The recording and projection of such
actions to diminish the negative i mpacts of ¢

H ¢



2.1.3.5.The I mportance of Studying Hyd
Climate Change:

Hydrol ogi cal extremes, such as floods and dr
catastrophic natur al calamities worldwide. Ac
Change (I PCC, 2007), there'd darheasret ieviematsed arl
specific geographic i mpact remains uncertain.
extremes, driven by changes in | and use, ur ba
essenti al need fost rradlegs te s md ma greanewnd e their
repercussions.

1) SeEccioonomi ¢ and Environment al | mpact s:
On a gl obal scal e, floods and droughts pl ay
economic damage, frelgiufeemt ayd | padli ogged &fofsesc tc
year s. For exampl e, in the United States, t h

bet ween 1980 and 2000 reached an estimated U!
including 10068 deajhbsi and Worl dwi de, the yea
surpasses US$20 billion, a figure that i ncr eé
consequences, especially those rel‘ated to hea

Climate-related economic losses by type of event
(billion €)

25

2010 20m 2012 2013 2014 2015 2016 2017 2018 2019 2020

ec.europa.eu/eurostat @

Figl2: -rCdlianmtag e Economic Losses By Type Of Event

Il n 2020, t hree Itaotteadl eccloinnbariiec | osses were Uul2 b
recorded in 2017 (027.9 billion), mor e than
regi stered in Europe that driioencs.t ifhel dmdveasnd t
observed in 2012 (u3.7 billion).

1) Necessity for Enhanced Understanding
Enhancing risk management and disaster prepar

to phegdirot ogi cal extremes. Such knowl edge i s
systems, flood defense mechanisms, and drough
l' i ves, assets, and economic st)abiMontegoueavr, I | wi
anticipated increase in gl obal water demand,

for the sustainable management of water resourt

on



all ocation of water to ful fildl domesti c, agr
conditions of scarcity or surplus (V°r°smarty

2l i mate Change Adaptation:

As cl i mate change exacerbates hydrological e X
for adaptation initiatives. This investigatio
strategies, Il ncluding modi fiindataisadmucitmr agr iaol
policies for water wutilization and ecosystem

3) Ecosystem Conservation:

Hydrol ogi cal extremes have a profound i mpact

productivity. Grasping the ecological effects

initiatives aimed at safeguardbngumpéeduprk and
1989; Lake, 2003).

4) Sekccioonomi ¢ Devel opment

Hydrol ogi cal extremes affect agricultural ou
Research in this domain facilitates the <crea
hydroel ectric power efficiencyy,ceamdyaiimfsor nasn dur
from such extremes (Kundzewicz et al ., 2007)
extremes has underscored the necessity for hyc
for replicating wmaneés bellavi extiremenciondmnti on
aiding scientists, engineers, and policymaker

events and formulating strategies to mitigate

2.2.0verview About Hydrology:

22. 1: The definition of hydrology:

Hydrol ogy, a critical di sciplitseoccnceremiceg H
and distribution, alongside its chemical and
bet ween water and its environment, i ncluding
Further more, hy droow owgt eirnviestt e gatc¢tes with the
di fferent phases o f t he hydrol ogi cal cycl e.
industrialization, deforestation, changes in
varioust moms fimahydr ol ogi cal systems. Aggrava
need f-deptalm eéxaminati on of hydrological pheno
these alterations (I CWRCOE 2015) .

Key processes in the hydrological cycle, such
transpiration, are centr al to understanding
elucidating the connectiowysl amengompesenips oc
stormwater runoff modeling is a method empl oy
surplus rainfaldl over a watershed area. Thi s



processes, i ncluding precipitation, evapotran
l ight on the intricate dynamics of hydrologic

Fil3ThHydr ol ogi cal Cycl e

22. 2: History of hydrol ogy

23. 2. 1: Hi storical beginnings and t heor e
The i nc ehpytdiroonl o@fi c al model i ng dat es back to
contributions from figures such as Mulvaney (
for devising methods to compute concentration
a fundament al technique stil!]l empl oyed I n u
conducted groundbreaking experiments on wat e
establ i shment of Darcy' s Law. Thi s pra nci pl
groundwater hydrology and has indirectly faci
posits thatstauredecondt @adys, the diffusive f
concentration gradient. Thesedaiooaealipigl E&f o1
hydrology (Singh, V. P., 2018) .

23. 2. 2: Devel opments in evapotranspirat:.
Il n 1802, Dalton introduced the | aw of evapor
proportional to the difference between the sa
actual vapor pressur e i n t ke faundatTihomsalprph
evapotranspiration and facilitated over a cen
Progress unt i | t he 1960s was propell ed by r
investigations i n Hhamtghs .| atheer gptudrly caantd ofni eolfd "sT
Hydrology" by Chow in 1964, followed by compr
Hi rschi and Fairbridge in 1998, offered det ai
those time20@8i)ngh, V. P.,



2.2.2.3: Technological revolution and h

The 1960s" computer revolution signified a si
i naugurating the era of di gital and statisti
analyzing extensive data settsi.onKeoyf atdhvea necne mernet
cycl e, as demonstrated by the devel opment of
Linsley (1966), and the gl obal di sseminati on
since evolved, faerhot ati mghagemmeoved rreer b e
calibration of hydrological model s. Progress
3D modeling of groundwater, seepage, and soi l
hydr oltowdy a(l Sisngh, V. P., 2018).

23. 2. 4: Il ntegration with supporting sciel
The merging of hydrol ogy wi tge orned raptheodl odgiys, c ihpyl
soi l physics, and geol ogy has expanded its dt¢
sedi ment and pollutant transportation, and t

i ncorporation of enndviar dnmonceurst aoln hcy d rmmalt eg yc haa nge
heightened hydrology's significance. The past

networks, fuzzy |l ogic, genetic programming, a
concepts such as entropy, copul a, chaos, and
ideas will play a pivot al role in hydrologica
From its inception in the 1850s to today, hydr
propelled by computing technology, advanced |
sensing and geographic i nf or naantaitoino ns yosft ehnysd r(oG |
ot her scientific fields, combined with the <ch
and the critical nexus of water, food, and e

hydrology. The ©®biehdbsateoaptimemasbhemati cs,
its dynamic and continuously evolving nature

2.3. Hydrological models:

23. 1: Overview
Hydrol ogists focus on analyzing catchment res

related projects, with the ongoing movement o
of their studies. This movemeé&mal oglied i Qee@alted"” b
basis of hydrological science. The unpredictat

with their di fferences across various regi or
comprehensively uadteirrsg atnide inrg enlda fioare.c As a r
has become a crucial component of hydrodogical
rel ated probl ems.

Since the |l ate 19thrueceoatfurmopdeéhiengseaosfeffae aff
engineering problems, such as assessing water

(O JN0)



managing urban stor mwater, reclaiming farmla
floods and forecasting them, and studying the
range of both conceptuuwmalf f a mabd peh. g sTahweasli el anaa dnef | as

integrate different hydrol ogi cal processett, é
relationship and flood planning, thus playi ng
management .

Model s grounded in established hydrol ogical p
integrated water resource management, project

during the planning phaseaftes panéddfotiogewtati n
hazard maps based on design scenarios rather t
mod el accurately remopephontegtbeael ttEeataunes hwpd

of thenpthjeeotperlati onal phase, model s are key
as reservoir managementtignei cheldirrod 0.gi Adad i tfioarea
essential for the strategic mamagem®mtr caen@r of
The expected consequences of gkeopal atcdn enat e e
precipitation patterns and intensities, and ar
i ntense stor ms, severe floods, l andsl i des, an
human safety amai recc,ondanmageveildnfrastructure an
amplify health and environment al concerns. Ef
thorough understanding of the hydrological sy
egnt s. This calls for the i mmedi ate emndlgaence me
computational met hods, dat abase management sy
technol ogi es -i nAfdovranmacteisc si nh agveeo e xgp a&rad e dnotdled i lnge
for analyzing and modeling natural phenomena,

| nformation System (GIS) and Remote Sensing (
predictions.

23. 2 Def hpndtolbogob¢al model s:

Hydrol ogical modeling serves as an essential t
bridging the gap between hydrology's theoret.i
environment al and resour ce mansageompioe X dcued
hydrol ogi cal systems into simplified, mor e me

analysis of water dynamics throughout the hyd

23. 3: Core Principles and Aims of Hydrol c

As outlined by Sorooshian et al . (2008) , t h
devel opment of simplified representations of
create models that mirror r ealdi thyw mbietrh ormi rpiama
primarily to predict system behavior and deep
These models incorporate parameters that char



being model ed, i ncluding water shed charact e

topographical data, soil moisture content, an:t
hold significant value in the managemmentprofii
essential insights for effective planning and
Hydrologic Model System
( o :S Evapotranspiration

Soil
Hydrologic
Maodel

Filgdl @ RNRE2RAGRIOGSY

23. 4. Utility in Flood Forecasting

Within the sphere of flood simulation, t he u
spectrapmplotations, categorized into two princ
Lumped models treat the catchment area as a u
across the entire catchment, whilcohokmanyg rtehseu | sty
variations in hydrological parameters. Conver
vari ous hydrol ogi cal response uni t s, each r

met hodol ogy enabl es momue aad cownrsa toef ahnydd r dod toagii Ices
di stributed model sHNMS keanfd PSWRQOTEL ,nvihRHQ abl e f or
ri sk assessment and management strategies (Yu.

23. 5: Il mpdmt @dia@aeni ng and Resource Manage
Hydrol ogical modeling has become an indispens:;
and suppormakRgngecinsiwan er resource managemen
water supply systems, creating ifftioesl. mRespi tae
wi despread application, there's a noticeabl e
these methodol ogies that would provide a comp
techniques (Moges et al ., 2021).

These models find application across diverse
agriculture, and environmental monitoring. Th
smal | |l ysi meter sexaper iemadtuadat @Bakbkargasda adr & ihr
showcasing their scalability (Hasan and El s
hydr ol ogi cal model s play a critical role in f|
water resource asgetsbemenmntsmpamdamseorn | ocal
and EIl shamy, 2011) .

A significant hurdle in hydrology is the acc
rainfall, with numerous studies investigating

op



Deci si on support syst ems i ncorporating hydr o
management , promoting sustainable | and and w
ecosystem and watershed governance (Shai kh, Y;
By forecasting watershed reactions to various

our understanding of the consequences of such
the societal i mpacts of Ogywdspiogitchéeé pxodcesmess
event s, despite the inherent uncertainties of
and Mel sen, 2020).

Frequency analysis is often employed in the
|l evel s for certain return periods, utilizing

Extreme Value (GEWaktiwmgi procHsdedepengiVarman der

Mel sen, 2020) .

Hydrol ogi cal models rely on a range of input

and | and use information, to produce outputs

outputs are vital for assessbagi 2d&tei onNmpaand
hydrol ogi cal chall enges |li ke erosi omodealds fil 00
underscored by proj-eetaoad odmagpes elapged050o0ad
the need for r omhwusntc eh y(daodlaaai,c aNl. ,ga&v eBrr ul and,

Joseph Weizenbaum (1976) posited that the ess
but to capture its critical aspects for under s
emphasi zes the selectivbenabpeetofvemoadaldi ngt et
il lustrating the subjective yet purposeful as
The i mpact of hydrologi cal model ing on water
overstated. By predicting basin responses to
wat er resource di stribution, i nf ahb s tcrouncsteurrvea

Predicting runoff and ot her hydrol ogi cal par
counter floods, dreluagthded ,i snuwe ot hleirglwlaitght i ng
reliable model s i n eachmaevaigregnesnus t(aDiurtahbal e& vBaa r
Shai kh, Yadav, and Yadav, 2018).

23. 6. Types of hydrologi cal model s:

23. 6. 1: overview of the types:

Rai nrfuanidf f model s play an essenti al role in h
|l everage input s, parameters, and the principl
and distributed categori @sng rvefrlieacttiiomgs tihe isrp a:
par ameters. Additionally, they are <classifie
predictability. Deterministic models deliver

model s i ncarnpesrsgt d eraadnchag t o variabl e out come:
and Sorooshian (2008) point out t hat | umped

neglecting spatial variability and thus produ



di stributed models segment the catchment 1into
t hat account for the diversity in parameters,
model s are categorizedeas bBanhbkerngtafiti me; dyg
tempor al aspect s, wher eas dynami c model s i nt
di stingui shbdodxrddvemndelventdesi gned to generate
and conti nuouws enhodd eolnsg,0 iwhgi cohrut put s through tin

Empirical model Conceptual model Physically based model

Data based or metric or black box model Parametric or grey box model Mechanistic or white box model

Involve mathematical equations , derive Based on modeling of reservoirs and Based on spatial distribution, Evaluation

value from available time series Include semi empirical equations with a of parameters describing physical
physical basis. characteristics

Little consideration of features and Parameters are derived from field dataand ~ Require data about initial state of model

processes of system calibration. and morphology of catchment

High predictive power, low explanatory Simple and can be easily implemented in~ Complex model. Require human expertise

depth computer code. and computation capability.

Cannot be generated to other catchments Require large hydrological and Suffer from scale related problems
meteorological data

ANN, unit hydrograph HBV model, TOPMODEL SHE or MIKESHE model, SWAT

Valid within the boundary of given Calibration involves curve fitting make Valid for wide range of situations.

domain difficult physical interpretation

Talb22Char act eThirsétgi dcrgoilddmld e | s

1 Empirical model s

Al so knowlnr iavse ndanoadel s, depend entirely on his
mat hemati cal formulas that correlate input an
intrinsic properties and mechanhes msc opge tdhfe thlye
datasets, these models operate within the con
exemplifying this model type. W thin the fiel
|l earning approachestawablk sasanar tfiufzize/i ale gmewsrsa lo
the functional dependencies between inputs an

2.Conceptual model s

Abstract hydrological processes into a series
catchment's physical-emgitrrii dalt efsar nEuripd 0,y i tnlge ssee
parameters from a combination of field data a
and the substanti al dat as etuarle gwidred ds ,f dri kteh etih
Wat er shed Model introduced by Crawford and Li
catchment hydrology (I CWRCOE 2015) .

3. Physically :based model s

present mathematically idealized versions of
governing physical processes. They wuse state
across different spatial and tt etmproo@adgh seql &tsi,
typically finite difference methods. Al though



hydrol ogical and meteorol ogic-depttatanfhbyscal
parameters that detail the catchment's physic
SHE/ MI KE SHE, which overcomes the Imondietlast iboyns
furnishing exhaustive insights even outside t
uses (Abbott et al. 1986 a, b, | CWRCOE 2015) .
The categorization of model-sBaspdnsabtac&a&boap(
each distinguished by its specific traits and

[
mat hemati cal correlation betlmeerefifnmguwtc yand anwo
specific phenomena baslas edh manddlysz,e do rd ad eat. e rPrhi
hi nge on el aborate physical theories and comp
the dynamics of theeptydalol ngdelas, sytst &@and| iICrog C
bl ackbox and deterministic models, adopt a ca
portraying the catchment as a unified whole.

I Hydrologic Models I

Based on aspect

Based on Time
of randomness

span for Modelling

Based on the
MedelSevctvne Based on the Spatial
/ Stochastic Models Representation of Data I Event-based M°d9|sl
|Black box Models | =
|Deterministic Modelsl Continuous Models
Conceptual Models
Distributed Models

I Semi- distributed Modelsl

|Physical based Models |

Lumped Models

=400 JEL-

FilgCl as s i fOf HyadtriodMo glied s

Model s are further differentiated by their ap]

deterministic model s. Stochastic model s i nte
deterministic models, whichnpyuted .d Addistiisarealt! y
di stinguished based on the spatial and tempor.
seqi stributed, c ebomtsiermdu ocuast,e goomrd esyermretach provi
precision anydrsali d@ibecadli tiynvyestihgati ons.

Model s | i ke HBYV, created by the Swedish Meteo

SHE, devel oped by the Danish Hy-#HM&uyl iaandl SIMAT ¢
il lustrate the range of methodolegmedelesnpd iofyfe:
their spatial distribution, foundational prin

oy



highlighting the extensive capabilities and Ve
i n water management and enhancing our compreh

23. 6. 2 Brief description of i mport

23. 6. 2. 1: SWAT Model

The Soi l and Wat{ SWAAyseasmadtivamceceld and physic
evolved from its forerunner, the Simulator f ol
is crafted to explore and forecast the dynam
mo v e mensti nisn wiat hout exi sting gautger mdagraqj extcied
segments a wawetresrhsehde dsn,t owhsiucboh are further di
Units (HRUs) that possess distinoctilasd use,
SWAT processes dandiynfcadlilmatmaxiimupmutand mi ni mu
radiation, rel ati voet ohumeitdiictuyl,o uasnldy wsi inndu |Isgptees dw a
plant growth, and nutrient cynccloirmpg rvaittehsi malag ow
calculating snowfall from precipitation dat a
various approaches for <calculating evapotrans
Taylor, and Hargreavesdekeahbdd, rephasenngti on
At t he heart of SWAT's functionality is 1its
aggregates the water dynamics of the catchmer
crucial for accurately prediotsngewatbt|jsmumnmgi
i mportance in both wunderstanding andndwaocedas
alterations on watershed hydrology (I CWRCOE 2

SW, =SW,+¥!_,(Rv- Qs - Wseepage - ET — Qgw) (1)
Where SW, is the humidity of soil, SW, is base humidity, R, is rainfall volume in mm water, Q; is the surface

runoff, Weepee 15 seepage of water from soil to underlying layers, ET is evapotranspiration, Q,, is ground water
runoff and t is time in days).

23. 6. 2. 2: MI KE SHE model (Systeme Hydrol
Unveiled in 1990, MI KE SHE stands as a compr e

broad spectrum of physical parameters due to
various processes of the hydoboblaegsepalatyohe 8§
river f1l ow, and groundwater flow in both satu
the dynamics of surface and groundwater, t he
nutrients, and aptecshtmecnitd easr ewai.t hFiurr tthheer ntor e, MI K
assorted water quality chall enges, rendering
( DHNE, 2005) .

For evapotranspiration estimati on, t he model
Jensen in 1975, Comprehensive instructions an

0



user manual pPMEo VvV iInd d Olby BHI extensive explorat
and configuration is presented by Refsgaard a
architecture of MI Kipr §H&s d inrggrwaceeds s p antgh o rpa lei t
alongside various options for the visualizati
23. 6. 2. 3: HBV model (Hydrol ogi ska Byrans
|l ntroduced by Bergstrom in 1976, t hdei sHBEM bnuot dee
conceptual approach in hydrol ogicaktamodméntg,
further dividing these into tzaaneosn diyspteisn g ulihseh
functions on the basis of daily and monthly
evaporation, with air temperature data being
foundati on, the HBW anho dwealt eermpblad yasn cteh ee qgueantel o0 n
processes.

Various adaptations of the HBV model have bee
across different countries. Within the model,
accumul ation and melting prowesges.i mMud diitteiso nga
recharge, runof f and actual evaporati on, bas
The advedti goft , HBWMW updated version afp fprei dBV
This preliminaryeplvage adn ®&lsl ¢ © tsheabstlta ze and
met eorol ogi cal data and parameter values (I CW
23. 6. 2. 4. TOPMODEL:

The TOPMODEdI star isteuntied eamoddt ueolderlgi nfnaclolr por
data to improve predictions of runoff gener at
further refined by Beven et al. alhyl9&6gdTak
because its parameters can be theoretically

variable contributing area conceptual mod el

catchment s, empl oyi ng gcraitdcdhende néd | etvoat p oend idcatt af
response of basins.

A significant emphasis in this model is plac
transmissivity as critical factors in i1ts corm
storage deficit or water tadlclhenecheépt lwiath darmy sl
being influenced by bt)dhe dwtploigmeap hby Benvdenx i(ra/]l
"a' stands for the dr ai nebdr eaprreeas epnetrs utnhiet scloonpte
surface.' sThreelmoalrede on the topographic 1 ndex
on basin topography, generating results for t\
analysis of contour maps.

For calculating runoff, TOPMWMOGPEL mapploidesast s@& g¢
Beven in 1984, promoting a simplified approact
The outputs generated by t he smotdoe |ls hcoawn sepiatthiearl
or as simulated hydrographs that reveal the t



23. 7: Hydrol ogical Model ing Accurac
The complex interplay bebOiweietnalh yHEIreovl aotgiiocna | Mondc

fundamental to the progress in hydrological S
operations and the anticipation of fl oods. T
attributes, byutcihal ley evat oomedlata from DEMs,
simul ate processes such as surface runoff, gr
within | andscapes. According to Maidment (201

i ndeinsspabl e for accurate simulations.
Research has demonstrated that the granul ari

delineation, slope and aspect calculations, a
by Zhang & Montgomery (1994) anlODENKderfd netd dly.
the spatial extenddiorfecetllew ait mparc tdsattah e op mde i s

hydrol ogi cal -rperseod iucdtiio;nn sDEMSsi,nevi t h grid cell s
depiction of 't opogrhaapnhciicnagl tfheea tpurreedsi,c ttahbeirleibtyy e

as noted by Quinn et al. (1995) . Il n contrast,
nuances, such as minor strwamepahadadsanpossivblid:
i naccumadiyels ol ogi cal projections as discussed
The decision regarding DEM resol ut-afofn kb ent wheyedn
computational resource allocation and the nec
undertakings. Global hydroldegi ceboass$e®sasmOEMS
expansive focus, as suggested by Ghaffari et

demand higher resolution to accurately render
(2002) .

Further more, the provenance of DEM data bear s
model s. -d8&nt ebkti tD&E Ms , such as those from the
(SRTM) or the Advanced Spaceborne T(hAeSTmR) ,Emi
though comprehensive, vary in their resolutio
Toutin (2002). Conversely, Li DAR technol ogy,
accuracy, mar kedl y i mpriontirnigc ehtyel rtod rorga icrasd arso dpe
The advedéfionhi high DEMs and their assimilatiol
substanti al strides in our grasp of watershed
water resources, as exempl88§8) eandyBdwven w& r Kisr |
Neverthel ess, the challenge of nfaindaggli intgy tdeet a
securing quality elevation information in in
di scussed by Bates et al. (2003).

To encapsul ate, the synergy between hydrol ogi
resolution, stdaormdai naswida hipnvdtyalr ol ogi cal res
advancement s, t he continual refinement of DI
hydrol ogi cal models is expected to progressi:
hydrol ogical events.



24. Digit al El evati on Models (DEM)

24. 1: Definition of DEMS:

Digital El evation Models (DEMs) function as e
features, depitddtmed stilomadghlra dt wei ng mor phomet
as Florinsky (2012) explainedlo%8@8enitnfles8fi DI
become essential tools within various fields

in modeling and remote sensing applications.

Their creation involves a spectrum of techni gt
met hods such as photogrammetry, which utilize
al . 2011, Pulighe & Fava, 2MAR)) , (Liimmhet Delk e
i berg & Hol mgren, 2017), and Interferometr.]
ated from aeri al or space platforms (Hirt
| ocal and redgiaonalnvioéwvel aemetathodsnagery ar
cuted via unmanned aerial vehicles (UAVs)

er I nSAR for their straightforward applicat
geospati al anal ytics, DEMs are invaluabl e
om any natmardel boarrrheman These model s pl ay
ndscape forms and supporthyvdarroiloougsy , a puprlbiacna t
vironmental studies, and navigation technol
their core, DEMEnNnesnamlae trreerteleae¢e ati on of
evation dat a, which can be presented as r
(triangul ated irregular networksjrcangustarngh
model s are critical for simulating and analyzi
of water flow, soil erosi on, |l andslide vulner
Wechsl er, 2007) .

DEMs are also central to geomorphology and gec¢
of | and. They serve as foundational tool s fc
investigation of | andform chayaasehighliicghted
(2017). This research illustrates how DEMs ar ¢
and indices vital for | andform categorization
Further mor e, DEMs find applicati onalitni teumdpe rkic
mapping in the Peruvian Andes by Wi gmore and
photography comBirmaat iwdn ht esedhnuicglue®otl et deo®wne IDE|
an approach particularly beneficial for mo un-t
topographic changes due to glacier melting.

Il n essence, DEMs offer a comprehensive approa
of the Eart h, providing critical informati on

—
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24. 2: Key Roles of DEMs i#ntdhueeldxan

Storms and Severe Hydrological Eve
Digital El evation Models (DEMs) stand at the f
of c dirmavteen st orms and severe hydrological ev
surface detail cruci al for s Hemyesioimw ofmpappél
applications:

24. 2. 1: FIl ood Ri sk Management and Cart oc¢
DE Ms ar e i nstrument al i n identifying flood

projecting potentieadsdrdtoioal efvemtcr afwthiicdh falr @o «
pl ans. The granul ar tersalmnt danha DEM® viadé dwhb)
representation of significant topographical f
the aodufdowyd simulations. Additionally, inte
model s facilitates the prediction of fl oodwat

management .

24, 2. 2: Coast al -LEervoesli ofi saen dPrSeedai ct i ons:
DEMs, when combined Wevkltddah, wlag, aapdveta

effects of coastal storms and rising sea | eve
detail ed mappi ng ecsaod abii l@Msiceasa ®d farlintigeh f or nav
coastal terrains and identifying zones vulner
24. 2. 3: RReRumdfafl IModel i ng and Watershed Ad
Utilized in watershed studies, DEMs help del
and calculate hydrol ogi cal metrics cruci al f o
flood and drought condition$orThraumadfafl t mrcesd iodt
critical for flood forecasting and drought m ¢

higkesolution DEMs.
24. 2. 4. Analysis of Landslides and Debri:
DEMs are crucial {fporniedamteiafsyitimg oluagmdgd¢lhiedanal

assessment of slope stability, aiding in the
flow paths and 1 mpactrse.soT heeMisd e pripa yorweerst t dhfe  Hdie
topographical features that predispose areas
24. 2. 5: EmReepameyyness and Disaster Respt
|l ntegrating DEMs with geospati al data and i ma
and strategies for di saster response, such a:
assessing the potenti al i mpuarcet sa nodf cnoantrmuurnailt ideis
From here we find that DEMs are vital f~-or und
related storms and hydrol ogical extremes. The
water flow modeling, flood riasnnkd d@®gexad mentu,l n
evaluati on, establishing a <cruci al foundati o



management of these phenomena, thus facilitat
efforts aimed at reducing their adverse effec

24. 3. | mportance and Uses of Digit a
Hydrol ogi cal Analysis (Hydrologica
Digital El evation Models (DEMs) are cruci al [
foundati onal component forrsliamuéadtpmgcasnsesndT

i s broad, directly impacthyndr ohegpcekci sooacast
24, 3. 1: Walt e rsthiefdi cati on and Anal ysi s:

DEMs are essential for identifying watershed &
configuration, and gradient. These features a
a basin, i nfluencing aspecchtasr glei, ke nsurrfiacee rft
watershed identification allows for accurate 1
evaluations(Tarboton ,1997).

24, 3. 2 : Modeling of Surface Water FIl ow ¢
DEMs underpin hydrological model s to forecast
data from DEMs are used to assess | and inclin
wat er movement directions andnaviel oci tireasnof St
predictions and tempor al di stribution, key
resources(Quinn et al. ,1991).

24. 3. 3: Erosion and Sedi ment Transport N
The modeling of soil erosion and sedi ment mov
data aids i n -pdenti fzywinreg , eredgiioat i ng sedi met
sedi ment accumul ation areas. Trhv ast iionnf op rmead ti ioa
reducing sedimentation in aquatic environment
24. 3. 4: Analysis of Hydr ol ogi cal Connect
DEMs facilitate the study of hydrol ogi cal co
including stream identification, wetl and ma p
exploration is vital for compredsecdpeg intéuvud

|l inkage bet ween sur face ampdhhcgmpangivwadg erwat @
model s(Freeman , 1991).

24, 3. 5: FIl ood Mapping:

Uutilizing DEMs for flood mapping is <crucial i
urban and agricul tur al devel opment planning.
for the simulation of water IveaMalag i dwr iamg ftlhc
of flood defense mechani sms (Bates & De Roo0o ,



24. 3. 6 Evalwuating Climate Change Effect:

DEMs are instrument al in examining climate <ch
the modeling of coaslt@avelarrias e,haalgteesr atuieo nso i
shifting precipitation pastntoewpnasc, k amedl ttihneg ainmal s
essential for adjusting water management stra
Digital El evation Models offer a spatial struct

simulation of both surface and underground wat
drainage network definitirozataond, tenchudi agt E

curvatur e, essenti al i n forecasting water tra
such as the topographic wetness index, are ex
runpif d ne eznohnaensc,i ng hydrol ogi cal mo d el preci sic
projections (Milly et al. , 2008) .

24, 4: The Diffrent typs dqOpeSbiugicteal
Di gital El eyvation Model s

The origins and met hodol ogies for creating Di
spectr um, whi ch wi || be succinctly overvi ew:
examination of these varieties anddo|tolgei rpogdur
contingent upon the specific types employed i
24. .. SRTM (Shuttle Radar Topography Miss
A joint venture byGdAsSHandireadl |l i gendNat Agealky ( N

pivotal source of el ewmateéennr eadlautwiooh davv aiel, a bl
and 90 meters el sewhere. However, its varied
preciade alnmd yses (Farr et al ., 2007)

24, 22. ASTER Gl obal Di gital El evati on Mod
A coll aboration between NASA and Japan's MET]
Despite its broad coverage, it faces data ¢
(Tachi kawa et al ., 2011).

24. 43 GT OMEIM

Crafted by the United States Geological Surve

el evation models di sseminated. Spanning from
arsceconds (around 1 kil omet eamparDbeeds ptid ena wer |
GTOPO30 has been <cruci al for worl dwi de <cl i ma
contextual foundation for more focused studi e:
education (USGS EROS, "GTOPO3O0").



24. 4. 4. MERI T DEM:

MERI T DEMEr(HRermbived {Trmpmra@aved DEM) mar ks progres
data, enhancing over prior datasetenthreugholk
| andmass with @& ercoomndlsut(iadom uaf 930 amed er s at t he
mul tiple error types such as biases and noi se
DEMs for hydrologicalh dwdmamakroepmental R26434¢&a

24. 4. 5. TXnDEM

A product of coll aboration between the Ger man
Space, t iXe miiasnsDEovh yi el ds a gl obally precise
version at 90m resolution has been made acces
details with 2 meters vertical acoDE-BMcy hngdghr
accuracy i-eptdheadednar pihnol ogi c al research, ac.
change monitorinyg: (ALBat €lTlaintD& MFeog onlau ti iooan f $A
I nterferometry"”).

24. 4 . 6 ALOS Worl d 3D ( AW3D)
Provided by the Japan Aerospace Exploration Afg¢

surface model ( DS M) from the Advanced Land O
resolution, AW3D encompasses all nmratritd'-Re matnda
sensing Instrument for Stereo Mapping (PRI SM)
model applications | ike urban planning, disas

its extensive cover agre @hAXAel aAL®®8| Worhlid h3 D"e)

245 DEM Types and Production Metho
245. 1 : Di gital Terrain Models (DTMs)

Hi ghlighting the bare earth's topology and ex
model ing and geol ogic resear chgr obulnMis ealreemednetrsi
data, generally gathered fr oahsllieDrAR 20000 7c)o.nv e n
245. 2 : Di gital Surface Models (DSMs):

capture all surface features, cruci al for ur

These models are acquired through photogramme:
& Fuchs, 2004)



Z, elevation

Z, elevation T™

—
7S}

Filpt KIS f f e Beetnweeen DSM and DTM

DSM (Digital Surface Model) ‘

DEM

|

DEM
Digital
Elevation
Model

DTM (Digital Terrain Model)

Fi g1 7Di fTfheBe ¢ wilD&EM v s . DTM vs. DSM Fi gl8DiTTHeBeé ween DEM, DTM and DSM

245 3: DiEdg ietvalt i on Model of Difference ( Dc
utilized for tracking terrain alterations ove
studies, and monitoring changes from natur al

subtracting one DTM or DSM fr oaom aemtotéle.r, o2C®Ir0)
245. 4: Tri angul ated I rregul ar Network (TI

A vewaoed | and surface representation using nc
hi@lkcuracy terrain modeling, often in conjunc
| andscape analysis (Lee, 1991)

A

pb il ;;%{%i% t m@%@m

DSM // DTM

——————

Bathymetry/

Fil®® Sc hghmeviThgur f Reps esByntaeddSM, and DTM (Guth et al., 2021



24 .6 | mpact of DEM Resolution on Hy

Extr 8mer ms:
Exploring the sirgemsiofliucta nocne oonf tOhEeMsper f or mance

particularly during severe climate phenomena,
real ms of environment al and hydrological stud
mappi ngartheée s Etopography, cruci al for hydr ol
predictions, and water resource management .

di mensionality of the idmtdetpeori mitrsi,n@ |ltalyes pm@mr eal
of hydrol ogi cal simul ations. This exploration
det ai l of DEMs and the efficacy of hydrol ogi
weat her c dredistcioansan,g urhe growing concern overt
intensity of such events. Research underscore
veracity of topographic depictions and, by

camil ity t o forecast steceamr ifd owd e moarde nrma n a
indi spensable role in hydrological model ing b
the dynamics of surface water mavemgnbfabD&Mac
significant i mplications for the fidelity of
including intense storms and fl ooding scenar.i

resol ution on hydcy!l| agidealscoodelt hac nercaessi t )
resolutions that cater to the specific demand
under study.

24 .. 4 G | nopbaacl t

An et al . (2015) conducted an investigation i
resolution on flood inundation model s within
30m and 90m underesti mat ed sftl,oorde scaolvietriaogres amfd
provided more accurate representations when <c
necessity forr esmpluayiomg DIEIMgh t o ensure preci s
contexts.

Liu et al . (2018) explored the iimpact of DE
mount ainous Canadian watershed, finding that
depiction of terrain features atnad cemarasnecre dr essta
(30m and 90m) . Their research also suggested
resolution | evel, indicating an opti mal compr
resource efficiency.

Pell etier et al. (2014) examined the influenc
within arid | ocales during severe climate epi
resolution DEMs (1m and 3m) WVariaagtsricmagcmiah
simulating flash flood behaviors and identify
Zhang et al . (2020) assessed the i mpact of va
across a coast al region in China under differ.e

ny



that finer resolutions (5m and 10m) significe
particul-layilryg ithedroavi ns, as opposed to coarser
Mukherjee et al. (2013) dcempseemdsebheatssahbheran
resolution DEMs, such as escalated computatio
sets, especialdgyalperap mleindattioorms.oad

A particular study focusing on a terraced walf
mo d e | demonstrated that DEMs with resolution:¢
derived from LiDAR technology, ma r kaetdel rys hiemp r
delineation. This enhancement contributed to
hydrograpfaurand ohl ewrves. The study also evid
soi l and water preservatisnhreamtiog ian2®éde¢los
terrace features.

An eval uatriesnoloudt iaomi (@@dapproxi mately 6 km) var.i
across China from 1970 to 2016 wunderlined th
remotely sensed datasets on wmegergamodel apdesnD
mod el demonstrated significant i mprovement s
moi sture simulations, aligning closely with s
2. 426 .Afri calarmgp.cAlsger i a

Research within the African and, more speci fi
rol e of Digital El evati on Model ( DEM) resol ut
extreme climatic occurrencesg fThemviahéeeBahara
Al geria to the dense tropical forests of the
DEM resolution affects hydrological dynamics.
|l n a-asethi region of northern Algeria, Abdel kad
three different DEM resolutions (90m, 30m, an
It was determined that the cldOur atees odaigii cotni dDrE M
extent and dept h, particularly within urban t
t he signi fi eraenstolvuatliuoen oE Misi gfhor dependabl e fl o
approaches Iimtsuch environme

Bourougaa et al . (2016) conducted an assessr
delineating catchment areas and modeling sur
di scovering t hat finer resolutions d(sx(tampeand
characterized by complex topography and ephem
i mportance orfesuotliutiizonngDEhMaghi @ set di mgsl. s e mi

An analysis by Hallouz et al. (2018) on the 1ir
within the Wadi Cheli ff basin in northwestern
5m, found that the 5m resolutfionmndDEMt mast aad:«
urbani zed areas and regions with intricate to
for -rheisgohl uti on DEMs in enhancing flood risk m:
efficiency.

n o



Wh i

|l e these studies emphasize the advantages

al so indicate that the opti mal resolution sel
the study area, t he hyadnrdo Itohgei ccaol mppurtoactei sosneasl orfe
Wor gl ul et al . (2017) examined the effect of
Ethiopia'"s Blue Nile River Basi n, noting tha
Ssimul ation's precision compar ed ntgo tchoea rosbesre rrve
from Algeria and reinf-oesohgtitdre DENsaIl i moka
hydrol ogi cal modeling and flood risk analysis
These studies collectively emphasize the nece
across Africa, a continent particularly susce
weat her phenomena. I n Al geri das tilte fiumpédreat ihv @
the country's -priedlomonant dycbkematic condition
sporadic rainfaldl events.

Rahmani et al. (2015) highlighted the potenti
region, includindeAlgedi BEMwi (0. gat eSRTMe ASTE
capacity in accurately captsr idruge d s drhtei aslp atta
t hese DEMs.

The <challenge of recomrciolliung on hdEMeadt &ad owi h
practicability is particularly pronounced in |
in managing |imited water resphecesemaad Phiepal
bet ween resolution accuracy and computational
wi t hi n -croenssoturraciened environments across Africa.
Further research in Algeria on hydrological p
sedi ment transport under severe storm conditi
machine | earning, al ongsi de It hmo daeplpsl,i can d ems c
critical i mpor trraes®l wtfi @ac cDEMS e, Thegdh st udi es
use ofedaolglhti on DEMs to i mprove model efficie
water resource manaqdmentpasi oat edi ecsl iimat e ch
conditions. The collective body of work affir
hydrol ogical modeling, particularly within Al
As it |l ed Technol ogi cal advancements in Digi
i mproved hydrol ogical model ing in Algeria, of
flood risk assessment, and wat esr rreesseoaurrcche fmannd
the 1 mpact of DEM resolution on these-aspec!
resolution DEMs for effective hydrol ogical pr
The intricate topography of Algeri a, encompas
necessitatesetsioé uu s @nofDEMIsghi or hydrol ogical m
et al. (2012) and Bourougaaf eresadl.ut(i2@drls)ahimr
for modeling flood extents accurately and del |

pn



regions of Algeria. These -rsdudli wetsi arf fDENMs tihre ¢

complex terrain details essential for accurat
I n flood prediction advancement s, t he accurac
validation pré#iti&smesdedf, abeddmBGnstrated by Sk
in the wadi Ressoul watershed,evartda osni glmit fai. c a&rut
Hal l ouz et al . (2018) found that a 5m resol ut
depth in the Wadi Cheli ff Dbarseasqgl htiigdhd i @BENS nig
flood model i ng-scagxee aiegliloynsi.n dat a

Regarding flood risk assessment, the spatial
identific-ptobopr afehboodai bak and Meddi (2022)
model -owesbighi on DEMs for acicurtahe Gh eleiafmff | lpawv
to more informed flood risk management deci si
fl ewoud nerabl e zone delineation on the quality
Water resource management, especially wunder e
accuracy of hydrol ogi cal model s, which in tu
Mokhtari et al . (2016) -rielslouBEtVisotrerde hwiwt @lr efco 1s
hydrol ogi cal responses to-Gbori matwat erheashogldu. tiihbing
DEMs facilitate the planning and execution of
underscoring t hesisri nigmpuorrbtaanniczea tiino na dadnrde def or es
The significance of DEM accuracy in flood eve
demonstratiagolt htatomi QBEMs refine flood inundat
representations of surface fiadt ufroers. i dlehnitsi flyae
topographical el ements crucial for modeling s
Moreover, for floodsolaeaki assPEMmeptovhighitic:
i nundation and assessing flood risk with great
adaptation strategies in response to extreme
Il n managing water resources, particularly aga

precision of hydrol ogi eaelsomodebnn@EMacked ihr
i mportance of detailed topogr aphmentdatsa hfigrhl e
emphasizing the enhancement of water balance
providedebyl|l hitglon DEMs.

I n conclusionsresbéutriobe DEMshiigm advancing hy
prediction, rio sk assessmenitl,geanda wast drn vrad suoaubrl
accentuates the profound influence of DEM r es:
ami dst extreme <climate conditions, advocati nq
capabilities toermea'isxudiowsrl sye mapp Adrgaphi cal | &



Chapter Three: Methodology :
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3.1:Study Area Description :

Z.eddine Basin

B

Legend

[ ] study area
[ aigeria

Fig21: Study area map

The ZeddinéBasin in Algeria, a quintessential example of a send watershed, is an integral

part of the northern Algerian hydrological system, characterized by its variable hydrological and
climatic conditions. This basin, covering an area of 418 km?2 with a petrof 295 km,

experiences a modest annual precipitation averaging 461 mm and an average temperature of
22°C. These conditions contribute to its classification as-aeiohiinfluencing the hydrological
dynamics significantly, particularly the frequengyantensity of episodic flood events.

31.@roundwater Sustainabilitty and
The groundwater resources of the basin are increasingly vulnerable due-éxtoa&etion and

pollution, challenges that are magnifiedibtensified agricultural activities and inadequate

water management approaches. The preservation of these aquifers is vital, as they underpin both
agricultural productivity and the domestic water supply. It is imperative to adopt comprehensive
managementractices to curb aquifer depletion and secure a sustainable water future.

po



3.1.2Agricultural Practices and Climate Variability :

Agricultural practices in the Zeddifgasin are significantly affected by erratic rainfall patterns,
resulting in frequent droughts and water shortages. The implementation ceffiaient

technologies, notably drip irrigation, has been crucial in addressing these challenges. Improving
watea use efficiency in agriculture is essential to mitigate the impact of water scarcities and to
enhance crop productivity in the region.

3.1.3:Climate Change Effects on Hydrological Patterns

The projected shifts in climate, including changes in precipitation patterns and temperatures,
pose significant threats to the hydrological stability of the Zeddine Basin. Anticipated increases
in the severity of droughts and flood events call for adapister management strategies to
address the escalating watetated stresses. These strategies are vital for maintaining water
security in the face of changing climatic conditions.



32. Data coll ection & sources

32. 1: Rai nfall & Runoff Dat a

U Rainfal/l Dat a

The data were obtained through some coll eague
where rainfaddli neatBasfi or arlee coé |l ected from | oc
record daily and monthly rainfall measur ement
tempor al patterns and variability in rainfaldl
hydriodaolg response of the basin. The data are ¢
filled using establueBedumét acr ondogirpall at e omn
with similar weather conditions.

The data was useHtiM&A e i mpuemepntthkReHSCmul ati on
from March 22, 2012 to April 30, 2012.

U Runof f Dat a:

Runoff data for the Zdin Basin are obtained f
strategic |l ocations wathdnnaharbasint hPueegoo
zero flows, especially dumeiarsgirdcerme nger iodds.aiThy
which are essential for calibrating and valid

under di fferent weat her scenari os.

This data was al so obtained fr onMasrocnhe 2f2e | 1200wl Z
April 30, 2012.

32. 2 Digital El evati on Models ( DEMs)
Eight distinct digital el evation model ( DEM)
HEE&HMS software. These dataset s, accessible gl

platforms. The datasets incl ud&ASALOEMPalts &8r0n
SRTM available in both 30X atndI®@,m ASTHR uGhDBM
30m, GTOPO30 offering a broader 1km resolutio

32. 2. 1ALRS sar ( 12.5m) :

The Advanced Earth ObseresolutSiadomr| RTiIedat § AétO
Phased -lPAamdaySywnt heti c Apertur e Randeatre r( PrAeLsS0A Rt
serves as a core component of davaer AALIOISp pofo gtr la
Aerospace Exploration Agency (JAXA) from Janu:
peri od, ALOS succeeded in capturing over 6.5
advancements in topogrsapdnscea,l emawiprionngme ndiad a s
climate researchyn©Opeoadvouswgorirbi a, stulme satell
around the Earth eacahy daeey,eaddhceyrcilneg atmob ianad 6t
separation. ofkmoatght lye 5&dquator. (Rosenqgvist et

pp



Equi pped on ALOS, t he PALSAR sensor,-bandact:i

synthetic aperture radar technology, was adep
at any time, thereby offering rat hv.erTshaet ivtel |meztal
band frequency in PALSAR, known for its abilit
facilitated the gathering of intricate i mager
Shi mada et al ., 2010).

Categor i zedcournrdeecrt etde rprraoedsuocitust,i otnh eRThli gdhat as et ,
pi xel di mension of 12.5 meters, is derived fr
devel oped usesagl bot an h{ §BrDels3onl uthidoi madi Emevat i
(DEMs) such as SRTM 30m, NE-D&| aaed BEDB2ctse. mlT

terrain correction is cruci al for accurately

geometric dist®rtmagsesprwbhenoh Bani SA due to t he
and the physical features of the | andscape. (
The acronym "ALOS PALSAR" is short for Advanc

band Synthetic Aperture Radar, highlighting t
cuteidgge radar technol ogy, the sSRpeciafnidc irtasd aorp «
wi t hi Ab atnflde flr equency. The "RT1" identifier si.
Product Type 1, wunderlining the phase of data
both the accuracy andiuwms aleiolgirtayphofc ttmé odmaai
(Shi mada et al ., 2010).

CE
@

Fi 2 The DEM wutilized in the hrtetspesar/c/hs eaarrecah .waassf .saol uarsckead. ef druo/ ni

32. 2NRSA DEM ( 30 M )

NASADEM signifies a considerable advancement
created from the Shuttle Radar Topography Mi
processing technigues and suppl ement apraynddat as

spati al coverage. Thi s enhancement process €
interferometric Synthetic Aperture Radar (SAR
utilized the most current unwsappicreg, mevthh @ dh o Iw
accessible during the initial processing phas

was to minimize data gaps and augment the dat
2007; Gesch, 2007).

pcC


https://search.asf.alaska.edu/#/

To further refine NASADEM, efforts were made
such as the ASTER Gl obal Digital El evation M

Satellite (ALOS) Panchromatic RemOPRI SENnsi hie
USGS National El evati on Dataset (NED), and DE
of ground control points and | aser profiles
(I CESat) mission facil i tmatr&kd dv gr teindhalnca mag tvielr
consistency across swaths, and the uniformity
2007) .

Accessi bl e t hrough t he Land Processes Di str
NASADEM data products provide extensive spat.i
envel oping an area of 147,385, 568s Wkrm/je w,i tehx eac u
from February 11 to 21, 2000, receives support
on satellite dat a, conforming to the WGS84 [ E
Orthometric (EGM96) [IiEP®StGe DHyrsit3gmv(ekadarirc adt calo.

AAAAA

OpenTopography

Other Available Data Products: F

?71(]@§
B!
Q

Fi 82 The NASA DEM utilized in tihtttpeskehopbnbopagwaphyoarghkd

32. 2.83RTM 30 M

The Shuttle Radar TopongetagprhyDiMjistsalo nEIl(eSvRaltM) o n3 OMo ¢
significant | eap ¥feswdudi on aogQogriapbhi babhdata. T
bet ween NASA and tHentNdtl jegral e GAGApatiwalth additi
German and | talian space agencies, undertaken in
mi ssion's objective was to collect elevation info
sur fseectet,i ng new benchmarks in the accuracy and ext
2007; Gesch, 2007).

SRTM utilized ampadsannndyrt hetti ci Agdret ure Radar ( SAR
witha@d (5.6 cm wanared eIt h)cmandgawvel engt h) radar |
based on radar interferometry, captured dual i mag
enabling the creation of precise 3dnBRtteer restod iuali om
from-itahred Csyst em,siprreo il bébch |l e xtoevrer age, thereby sigr
scope of topographical maps for diverse uses, ran
(Farr et al ., 2007 ; Gesch, 2007) .

pT


https://opentopography.org/

Pl atforms such as the United States Geol ogica

Sear ch, and the CGI AR Consortium for Spati al
avail abl e, fostering various reseatahhasdbpe
instrumental in advancing numerous scientific
management, by facilitating projects such as s

and the refinement atffelgpeeweeetDENSs . acClhamarcyet nal
advancements were made through the NASA MEaSUF

gaps in SRTM outputs by integrating elevatio
ASTER GDEM2 @3 dNa thieo ndaSl El evati on Dataset ( NEI
now accessible for diverse applications, hig
exploration, environmental surveillance, and
Consequentl ys-metke BEMMhaB8 emerged as an esse
of fering intricate details on global terrain

|l ts devel opment representeddaEpiwvibtalbs eamowmamnit ol
groundwork for continuous efforts to more com
surface. [ NASA E®rtclhhhata SRTM 1 Arc

Fi g 2he SRTM 30M DEM wutilized i n thhtet prse:s/e/aeracrht haer xepal oamaesr .suosugrsc. egd

32. 2 SRKRTM 90M

Originating from a coll aborative edhoet |l bgeweenAy
( NGA)h,e Shuttle Radar TopmgtephgatMasasti ome ( SIRTM) a 98
acquisition of global topographical dat a. Depl oye

mi ssion's ambition was ttoald eevleelvoapt iaonn antondoeslit (cDoEniv)l
|l andmass between the | atitudecst bar t6 OrAaNd aarn ds y5s6tAeSm  tE
both synthetic aperture radar HaAR) (5n 6a camdvawvled re

X-band (3.1 cm wavelength) radar s, SRTM was able t
Rodriguez et al ., 2005)

Producedbaunsdi nrgad&r -mettheer SHRTovd u9cOt , wi th i1its spati al
offers a uniformly consistent DEM on a gl obal sca
3neter variant accessialmlde sfed re cth detrle A tedatsd i$shat MAi s
endeavors and analyses on a worldwide scal e, ai di

and disaster risk management .

Py


https://earthexplorer.usgs.gov/

SRTM"s wutilization of I nterferometric Synthet

mi ssion to genéedrmépsidenal | edptéadseret ati ons of
navigating through the | i mataabbeswempbsedcbn
breakt hrough significantly propelled the fiel
forward, mar king a cruci al mil estone in the ¢
Rodriguez et al ., 2005).

The designation "SRTM" encapsul ates the missi
through radar medlndl adeyn,otwintgh t'"h®0 dataset' s s
surface area each pixel. ihhe hexted ryviax e oo \merda
the SRM&Mt &0 DEM have rendered it an essenti al
pol-imaking initiatives, enriching our compr ehe

(Farr et al ., 2007).

Fig§2 The SRTM 30M DEM utilized in the research area was sourced from https:/

32. 2T&8nDEM 90 M

The TaXD&M®Mter Digital El evati on Model ( DEM) €
the realm of Earth observation, originating f
(Terr-@Sa&adRd f or Digital El evati on Memarutrreamrenhisp
bet ween the Ger man Aerospace Center (DLR) and
TerraXSAR ssion's success | auncXedat enl [12i0t0€7 . wd ¢

to orbit i n cl ose -Xf,orcnmaetaitoi anl gw saenh ugipetfionm SAR | | e
Synthetic Aperture Radar (SAR) data essenti al
enabled the generation of a gl obal DEM with

(Krieger et al .2028)0.7; Zink et al
Empl oying -aBdmdnSAR XechnodXogn,sstle TasnDaEM pt

detailed topographical features across variou:
conditions.-XThedT&XndD&EMRI | i t es ,anmai notfairnad ingh la
meters from each other, |l everage inter-ferome
di mensional visuals of the Earth's surface. T
advancement i n satelilng eesrseemmottiea |l s ednastian gf, orp r rou
practical applications including hydrology, f
(Rizzoli et al., 2017)

P



The gl-mbtaér 90esol uti on DEM, among -Xt hnei sdsaitoan ,p ri
di stributed through DLR and associated pl atf
scientific community and the br ovaedrearg ep uabnldi chi
accuracy make it invalwuable for a range of app
anal ysi s. The mission's data collection effor
gl obal DEM t hat spiamg alpi Xeln dsnpaascsiensg  ooff f3erar c
meters at the equator) and is celebrated for
from pole to pole. (Krieger et al., 2007; Zin

The Ta-KD&EMm DEM stands out for its unprecedent

models in terms of coverage and detail, there
pl anning, environmental studi &XsQ9mabEModarmarr éli a

nformation is facidXitSatedcehiSeuglkrtlaedTanbEMW
he mission's contribution to Earth observat.i
l obally. (Rizzol i, et0Oarl).., 2017; Krieger et a

Fi & he SRTM 30M DEM utilized ihtthbe:/éseantbadrgaoseuvcee. fdli omde

322 2. ASTER GDE3 VN 0:3

The Advanced Spaceborne Ther mal Emission and |
El evati on Model ( GDEM) version 13,0 aJv,s ostkamadvgn
notabl e enhancement i n the r emdtnero frsepBaattitiabli o b :
Originating from the ASTER instrument aboard
devel opment signifies a | eap forward in the
ASTER to generate el-paatgiesmarmpaddli < uflraagrm ys ttenrreo
Nedmfrared (VNI R) Radi omet er, i's fundament al
VNI R subsystem, capabl e of caphtirangdswaveben
i nstrumental i grhepsroddiwtdiong DiIEMM.s (hTachi kawa et a

A coll aborative effort bet ween NASA and Japal
(METIlI ), the release of ASTER GREMrVGQEAtiimtr adwe
expanding its application acroearvcari dysr i elg
environment al monitoring. Il ts widespread avai


https://download.geoservice.dlr.de/TDM90/#details

Earthdata Search andspaeedpnptbemSpaper Sgbt ees s (

audience. (Tachikawa et al ., 2011).

ASTER's sophisticated sensor technology, capal
bands from visible to ther mal infrared | ight,
functionality enables thataxt makt ngn aofsi @acdn
to the GDEM's comprehensiveness. Since commen
satellite, part of NASA's Earth Observing Sy

i nval uabl e dat a efsar (Radrrtaimss c i2ddr0de sYtaunéig u c hi e
The designation "ASTER GDEM" encapsul ates th

Spaceborne Ther mal Emi ssion and Reflection Ra
"VO003" denoting the version and 18&0eM" oifindit a
essential for conducting analyses of gl obal t
asset for environment al and geoscientific res
l ntroduced on August 5, 2019, the V003 wupdate
the reduction of anomali es, especially i1 n aqu
Body Dataset (ASTWBD) . Spanni ng sl ®&t9i% uodfe sk afrrt
| andmass, of fering an wunmatched resource for

aspects of the planet.

Fig2 The SRTM 30M DEM utilized in hthtepselhsleaseahchrear whadatsaumnaea. (

32 2. 7. GTOPO30 (1KM )

GTOPO30 mar ks a seminal advancement in the cr
( DEMs) , delivering an expansive portrayal of
nearing 1 kidsemenears, dmhi30 eaideavool wakbot aei ve
spearheaded by the U.S. Geological Survey (US
to certain sensors or satellite missions, GTO

It amal gamates el evatiemcompaskiog aheabDgegi of
El evati on Data (DTED) -fmtoenl It i hgge Nae | dghanc Yce(ON @/
from NASA's Shuttle Radar Topography Mission
details sourceddfmapms di gi t al charts an


https://search.earthdata.nasa.gov/search

This synthesis of di ver s e-ofd haerat sporuorcceesss,i nao nibe
cul minates in a gl obal DEM of wuniform quality

Covering the Earth's |l and surfaces from | ati't
the Earth's | andmass. It is chawa&ctoenrdiszecedqluy v
to about 1 kilometer-sat teldlevid@euatperct rmankioh g aipt
gl obal cli mat e model i ng and water shed anal y:
i mpl ementati ons. The dataset's inception invo
origins but al s ol modaatbhd ep racdcveasnsciempe namsd as s e mbl
consistent and reliable gl obal DEM. (Hastings
GTOPO30 is readily available through platfor ms
topographical data to an international array
scientists. Even with theeisomiudodoant DEMsof GROIP:¢
a pivotal resource for initiatives and studie
by newer models. (Hastings & Dunbar, 1999; US

The nomenclature "GTOPO3O0" conci seloy Gcapalr e

Topography 30," underscoringecbasdcemptehéenses
genesis and widespread disseminationt arceGT®OP
accessi biqeal st yentioprogr aphi cal data in promot.i
Earth's resources, and aiding environment al p

Fi & 2The SRTM 30M DEM utilizedhimps$hlk/ easehexhl aren. usgurgeud

32. 2. 8. MERI T 90 M:

The MulrRermoved {Trmpmr@vedDigital El evati on Mode
transformative deomdiopmemtglwolhdli ndit diiet al el ev:
spati al resolTuhtiisoni noift i9a0t imeet,erlsed by the Earth
University of Tokyo in partnership with NASA .
aims to correct a multitude of inaccuracies i

MERI T DEM achieves this by consolidating and refi
Shuttl e Radar Topography Mission (SRTM) DEM, the /
Refl ection Radi ometer Gl obal DEM -80BTERNBDEM) , an
DEM from the Japan Aerospace Exploration Agency (
Earth's |l andscape. (Yamazaki et al ., 2017).


https://earthexplorer.usgs.gov/

The creation of MERIT DEM entailed a rigorous
of -nenrain features such as vegetati on and
di mini shing stripe and specklI| eesneoicsoersr etchtaito npsl
for tasks that depend on accurate elevation
sciences, and geosciences. The dataset thus e
related to fl ood Ipyrseidsi,cts minl, emadseircsrh,e danadh at he
i mpact s.

Il n contrast to DEMs derived solely from indiyv
data from a variety of sources, wutilizing sopl
producing a more refined aasned .r €ellhiiasb Inee tghloodb aol f
correcting data provides clear advantages ove

affected by artifacts and inaccuracies resul't
The MERIT initiative is distinguished by its
(" M+Elr trRoermoved {Tmpraved), with "90M" signifyin
of 90 meters, refl ective of stihzee.diTghiitsa |lc oentpervoa
resolution and broad gl obal coverage establis
worl dwi de investigations requiring precise a
intensity ass-oestatoend dwittah hi gher

MERI T DEM represents a significant l eap in r
model s by addressing and correcting errors enc¢
the i mportance of precisi on iinnuotuosp oegfrfaoprhtisc atlo
gual ity and accessibility of elevation data f

t hereby advancing our understanding of the Ea

MERIT Hydro; global hydrography datascts

Fi&g2 TYRRTM 30M DEM utilized in the restakyed. ac ejaplsopwamadai hMERIST/ Hhg



3.3. The softwares:

33.1: ArcMap 10.8. 2:

As an integral el ement of Esri's ArcGI S suite,
hydrological studies due to iIits expansive ran:¢
significance in executiogsyasuohsahywatoenghed I
gual ity assessments, stems from its exception:
water resources. The role of Geographic Infor
recogni szecfforciency in manipulating | arge da
analyses, foundational for initiating watersh
& Goodchild, 2020)

Empirical evidence underscores ArcMap's adapt
seen through its application across diverse h
al . in 2019 | everaged Ar c Mauyt 1la .vBa t2€ rss hHeydd r wil tol
river basin, extracting cruci al mor phometric
spati al anal ysi s. Similarly, Pat el -waandercdlelde ¢
delineation améndgesomat iad creagises s affirming it
hydrol ogical contexts. (Zhang et al ., 2022)
Not eworthy are the Spatial Analyst and Hydrol
roles by providing -epthilbydtotogiscalrianalysis
accumul ati on, and stream inteitevor ka @ielnietratte oihhe
digital el evation models (DEMs), surface and
hydrol ogi cal phenomena, thereby amplifying ¢t
(Thompson & Croke, 2019)

Mor eover, ArcMap's compatibility with the Autc
and Hydrol ogi caHHMSnoaxd mp lliifkieesHEEC s adaptabil i
delineation and enhancing simutptnonbaondsbgpe
synergy 1is pivotal for appraising water quali:
of climate change, underscoring ArcMap's crit]
change research.2@BX)own & Sarabandi,

Il n urban hydrology, ArcMap's sophisticated ar
higkesolution DEMs, prove invaluable for accur:;
essenti al for urban devel epm&ht anfitfvhoedapse
net work analysi s, enriching our comprehension
assessments. (Liu et al., 2021)

While direct references-speciAfctMapi 16r 8t dr e nm
indirect mention of ArcGI S functionalities a
comprehensive utility in hydrovogvcalg meseai e
and forecast anal yses, al beit not exclusi vel
flexibility and substantial contr-madkitmngnt hioo g
advanced spati alzaanalny.si(sMaarntd nveizs veatl al . |, 2020
I n my study, the program was used specificall"

cn



The analysis and delineation of watersheds s
hydrol ogi cal science, setting the stage for n
heart of these processes | i e&l SArscuMatpe 1b0y. 8E s2r,i
for its proficiency in executing these tasks 1
& Goodchild, 2020; Martinez et al., 2020).
Within its toolkit, ArcMap 10.8.2 houses the
providing researchers and analysts with a c¢omj
fo watershed delineation, |drtdinmga gees sreenttwarl k m
characteristics vital for the comprehensive s
identification of watershed boundaries via di
descripti ono oufn ctohveesre kaerye ahsy dr ol ogi cal traits,
drainage networks. Such attributes are instru
resources. (Goodrich et al., 2018).

Th prowess of ArcMap 10.8.2 in watershed res
instance, in 2019, HBdalriol amgdy tteoaom sl gwear adgeadiil te
Ri r basin, I ndia, to delineate watersheds a
Ve , research by Patel and associates in 201:
an ssying the geomet-watecéthedstauritd trnecgai osne msnu
s h ding |ight on its hydrological behavior.
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i n the Al aknanda and Br athintaipzuetdr at hRei vea f t
ning watershed boundaries and quantifying
ssment s.

use-r@$olhidtgihon DEMs through ArcMap signif
ershed boundary demarcati on, which is crit
ecasting, and assessing the ehyHydr olgogywlt a
m ArcMap automates the process of defini

e
n
u
d
0
[

e

culation of numerous hydrol ogical par amet e
functionalities o01%Wptersheds. (Gassman e
eover, ArcMap 10.8.2"s ability to integrate
, soil types, and hydrological datasets, s
ensive capability idr dlumgiacoeelnt@ad o dess essi mnaud
er gquality, and understanding the i mpacts
' i ams et al ., 2020) .

earch | everaging ArcMap 10.8.2 for waterst
el opment of management and conservation st
nerabilities within watersheds, identi fy
mul ating |l and use policies ai med at mi t i
erpinning the software's =essedshiad ofonwat
ources. (Kim & Choi, 2018; Zhang et al ., 2



33. 2. -HEE 4. 11

The Hydrologic Engine
comprehensive watersh
processes effectively
mo
sc
i n
op
ac
w a
co
Mi

Th
s e

ring CenHMS) ,Hyedsrtoel eongeidc f
d model i ng carpuarbaflfi ti es
. Devel opeldMb y xtched sUS nAr |
eling hydrologic processes withi nbawaetder she
nari os. It is prof-raoneht Baoresmubdatvengepge
egrating essential ,pariametterrsunloifke Irdssas. r
raHE® MS' s adaptability is evidenced throug
0ss various terrains and climatic conditio
n
t
h

D D

ing systems, and watershed macagémehbhb. Th
i nuous hydrol ogi cal model ing, as demonstr
igan by Chu and Steinman (2009), among nu

O >S5 S TS oo 0

e model ' s archit-pcocvecesi pooampgagaghgopdue es,
veral options for result presentation. |t a
raimfualolf f scenari o, i1includi ndg rneectte orruonloofgfi,c arli,\
and reservoir operations. The meteorological
and spatially across the catchment, while the
precipitation thatundbées Bobsequonentbhydrobogic
flow and river routing calcul ate water moveme
t h

Wi the reservoir module considering the i mp

Renowned for its straightforward methods and
durati eHhMS hHaEEsC been val i dated to exhibit super
compared to traditional mo delgs .r ulnto fhfa si ns huonwgna u
basins, flood forecasting research, and delin

HEGMS's integration with GI'S technology and i
and convergence models based on Digital EIl eva
feature of accounting for basimteshd8hmacsct artitgt ib
propelled its widespread adoption in flood re

HEE&HMS includes multiple methodol ogies for cal
basefl ow estimation, routing, as well as est]i
surface depressions. Thi s ccaod mpnroedheel nisnigv ei sa prperfol
various studies and applications worl dwi de, e
soi l characteristics, and their effects on wa

Il n the evolving field of hydrology, the devel
refining watemakessgumpeceocetssiesi,omncompassing w

mapping, and hydropower planttbeeaheatdi 6ns. sPs
reviews and a deeper understanding of model ¢
significance of hydrol ogical model s i n managi

basin systems.



HEEGHMS 4.11, engineered by the U.S. Army Corps
stands as a foundational t oeelnciomnmphaysdsrionlgo gfirca nme
the simulation of hydrologidabybBékamgi ors with
|l ts capabilities span the simulation of preci
river flow, making it indispensable for a broa
forecastq+ongoffaianbhalybie , watnadr cloenp rmahreangsa me nt .

This software's proficiency in flood modeling
and rur al wat ershed contexts, with research |
|l ndi a'"s Mahanadi River basiwrtawnder iuvasr ipawesirsai
hydrol ogi cal simul ati-dMS. 4The wintlkgAatGbS8S Do
rai mfualolf f dynamics in the Comite River Basir
il lustrates its setmées$El Sdppraabiolimscy winthlanc
capabilities.

MoreovedMS HEC11's critical role in assessing |
best management practices on hydrological <cyc
research in Mal aysia. Such fsdsatdareisng ndegtsaiom &b
management through scenari o anal ysi sReslSism,i nt
explored by Liao et al . (2020) , further br oa
management undescematlti iadbs e cl i matic

Di stinguished for i tfsrisemdllytii minerefxaecd, earce, e
for precipitation analHyWMSI #4.4drMd emthramfcfe smd chesl idre
of watershed analyses. ltscatdtaphabiomienhwa, t onal
runof f, basefl ow, and snowmel t, enabl es compr
continuous analysis. This flexibility is pivo:
fluctuati omse,atahred exattrteemens on hydr ol ogical sy
Contributions fromMStdadiléshavel beengsHgRI fica
ri sk assessment, formulation of flood mitigat
due to climate change. | tosgyl ateessetarfceha t verveas usautf
i mpacts on water cycles and stormwater manage
The model's advanced precipitation modeling,

interfaces, as spotlighted in contemporary re
its effectiveness and preciasi ceaycilessi Bolmptait n d
via -6 ECHMS el evates its capacity for spatial

out comes, rendering it an invaluable asset f
evolving climatibocpnd0i8pnMar ( Knez &eC al ., 2

Recent explorat#HM&neg . dtlt essut babECi ty across v

from urban flood simulations to continuous r
applicati onodedf fsi vmmrtstad i | ity and dependabil it
its i mportance in the domain of water resourc



34 Processing of DEM dat a:

34. 1: Using ArcMap:

34. 1. 1 Mergi ngEdevaérent MDdei sall DEMs) :
Combining various Digital El evation Model s (I
geographic information system (GI S) endeavor ¢
across | arge expanses. This prnocedet aisl ,piavnodt a
terrain dat a, serving an array of applicatio
surveillance to urban planning and geoscienti
Commencing with data preparation, this proce
sources such as the United States Geological

( SRTM) , or Advanced Spaceborne The( ASITEEM] s s
ensuring uniformity in the spatial reference
process. (Goodrich et al., 2018).

ArcMap streamlines this fusion through tool s
consolidation of multiple DEM tiles while del

coordinate system, and the metédmpl| ioffi endb slay cSa
coll eagues in 2019, who cr aBfrtachdnapeuglarmaanl basi DE
amal gamating SRTM and ASTER DEM tiles, showca:
al ., 2019).

Mor eover, ArcMap's Raster Catalogs feature er
management of various raster datasets, includi
is il lTustrated in Zandbergeal sn@OAdcNMapdy pmo

amal gamating and scrutinizing DEMs from heter
El evati on Dat asgten(eNBD)edamDEMsi.DABmMi th & Goodc

ArcMap also accommodates more intricate mergi
scripts or |l everaging Model Buil der to mechani:
approach to DEM integrationseEnssrpaganoahti f yt
steps to detect and rectify any inconsistenci
(Zhang et al ., 2022).

These methodol ogies not only shed |light on t

ArcMap but also underscore the significance o
representations of the Earteéichlnispiudsa,cesudihea p |
met hod for effectuating smoot h transitions |
resolutions and the Adaptive Gaussian Filter
mirrors the continualgiaedsv ainnc etmeernrta ionf eGuaS u aetciha

cy



34. 1. 2: Fi || DEMS:

Filling siiBkevamni ooni gMaael s ( DEMs) serves as
hydrol ogi cal and geographical analysis within
groundwor k for operations | ike watershed del
mo deilng.

ArcMap's suite encompasses specialized iInstru
within the Spatial Analyst tool box, aimed at

direction computations anal |Imnecadeltloi ngr.accur aci
A key component i n this context i's the Fill

capability to identify and adjust sinks to al
uninterrupted water fl| ow awasosde rhoamsdtsrcaatpeeds . b yT
team in 2019, who applied it to preprocess I
watershed, exemplifying its utility in genera
delineation and water routing.

Moreover, the Fill/l t ool within the Hydrology

DE Ms , utilizes a methodical approach to incr.
integrated. This functionalbiotryatwas hing h2l 0i1goh,t ¢
application in refining DEMs for watershed d
Nar mada River basi n, affirming its <critical

assessments.

Apart from these integral tools, ArcMap facil.i
the DEM filling procedure. Techniques such as
at their | owest boundary wapgintjaudi oi esshhl pshb:
depressions while discarding artificial ones,
2005.

The Spatial Analyst Tool box's Fill t ool pl ay s
rectifying sinks, thereby ensuring water <can

el evation values to gener avthe ch Wwhhee@retciamalelxy t
for subsequent analytical processes including
wat ersheds and stream networks, as elucidated
respecti ves2020 stud

The significance of filled DEMs extends acr os:¢
encompassing hydrol ogical model i ng, wat er shed
The accurate modeling of surffdoedwaptrerdifcltow,ns
DEMs free from artificial sinks, with precise
identification, drainage system design, and s
and Gassman. et al. in 2019

c o



This "filling sinks" or "hydrol ogi cal correc
environment al model i ng, aiming to correct err
treatment of sinks as artéfawteofi wavetrahcfoss
This technical aspect, invol ving the elevatio
for the faithful model ing of terrestrial wate
and thesemanagememt of water resources, as ex
34. 1. 3 FIl ow Direction

Deriving flow direction from a Digital El evat
hydrol ogical analysis and modeling within Arcl
computation of fl ow accumul aftfi ophermorde nsai.muT Hha
Direction tool, a component of the Spatial Al
al gorithm, delineates flow direction values b
adjacent <cells for eadbtaiel édwbyhiUansbe &®EBDBp]
utilization of this tool in Patel earat.oeseghkOot
in India exemplifies its importance in the fi
Within the Hydrology tool set of t he Spatial
specifically designed for hydrol ogi cal studi e
delineation of drainage netwomrkla. Riverapalsi oma:
|l ndia by Bali et al. in 2019 further underscor
ArcMap al so provides access to advanaed ialigoyr i
(Tarboton, 1997nf iamidt Wwo(dGdri kerde ®ht & Martz, 199
paths and offer a more nuamrded irne parreesaesn toaft i goen
comparative analysis of these algorithms by
highlights their relative strengths and suita
The integration of external tools and extensi
Tools (Lindsay, 2016) with ArcMap enriches th
calculation, thereby expandigngalt hana¢ysatil it
Determining flow direction is pivotal for ac
delineation, and environment al anal ysi s. It
processes | i ke flow accumul ati oheaadcstatamsninek
of water movement from higher to | ower el ev
fundament al principle for modeling surface wa
ArcMap employs sophisticated algorithms withi
flow direction of water, supporting various a|
evaluation. This capabil i tryosiisoni nsttrraucnkei nntgal p c
assessing habitat connectivity, providing val
ecosystem management strategies.

Nonet hel ess, the accuracy of fl ow direction
met hodol ogi es empl oyed for adereessosiung ofnl aDXE Msr,
of fering detailed terrain i nssengthattsi,o np.o sPRer ecphraolc
validation steps are thus <cruci al to amend an
di stort the flow direction.

TN



By integrating flow direction data with othe

devel opment of comprehensi ve watershed mo d e
environmental changes and bol steritregn tmoal ep 11 en@
Recent studies, such as those by Khanifar & I
focus on erosion modeling and geologi cal su
applications of flow directionO&2mB3l,ysil ©.nglLiwad
et al. (2023), introduce innovative techniqgue:
dynamic processes |ike debris flows, il ustr
model ing methodol ogi es.

34. 1. 4 FI ow Accumul at i

on
Conducting Fl ow Accumul ation analysis through
a pivot al procedure for hydrol ogi cal i nvest.
accumul ates in each <cell from nutpaslit rfe@am @ao resats
drainage net wor ks, identifying stream channel
FI ow Accumul ation tool , part of the Spatial A
play a vital rol e Prmdihhyadr @ltoa@ilcal( 2@dBe | isrhgp.wc &
the Soil and Water Assessment Tool -w@$ WATs)h efdasr,
il lustrating its essenti al utility in compreh

Within the Hydrology tool set of the Spati al

facilitates a seamless workflow for hydrol og
drainage network construction. aBpapliingett hal .dr(a:
net work of the Narmada River basin in India, F
The ability of the Flow Accumul ation tool i n
and pinpoint areas of high runoff 1is cruci al

di stribution of surface waotferf [folwo wdi rFeocltlioowi nfgr
cel it aids in the identification of streanm
com hension of water movement across | andsc
and dr ol ogiasalwagsteudihesd, dedecmeati on, stream
risk val uati on.

ow Accumul ati onr ammgalnysispphasawi des across
tersheds and catchment areas, i n environmen
iodiversity conservation f or slimmatgirregtd gu ateip
e
s
e
e
o]
n
r
c

O =T
- —

DEM quality and the accuracy of flow dir
ol uti on DE Ms t o gain detail ed terrain i n
processing for accurate flow accumul ati on

significance of Flow Accumul ation in hydr
se by Al meida et al. (2019pbpasewthi mbt hod o lodd
pointing erosion risk areals233dl,o0nfgocwmspg aawe do
ameter tuning for industri alanuwsensyg. uTlth esiet ye
umul ation analysis from environment al moni
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34 1. 5. creating feature pour point data
Setting up pour point or outlet features in A
Digital El evation Models (DEMs), marking the s
step iIis key to achieving gmelcy sies .h yAdrrcoMaopg i fc a

creation of pour point datasets with various t

for watershed analysis.

The "Feature Class to Feature Class" tool I n
from existing data sources, including other f
was | everaged by Shr estyhanand et lCeoinri ttee &Rm viemr &B
il lustrating the tool's versatility. Addition
for manvuvally digitizing pour point features d
col | eatghueeisr i2n019 research on I ndia'"s Nar mada F
For scenarios where outl et points are ident.
accumul ation rasters, the "Raster to Point" t
represent potential out |l eRr ddohcaant ieotn sal .Thiins 2nlel
outl et point feature cl ass farrdm avaftleave haeadc u mu |
a pour point feature class is established, it
sharimgaadan bécddity with different GIS platfor ms
al. in 2019 for their study on the Al aknanda
The process of <creating pour point data and
points of watersheds through hydrol ogical anc
points, and saving them asompmatr. pbhing datta, i
accurate watershed delineation alongside Ar c M:
of runof f vol umes, pollution | oad evaluati on
strategi es.

However, the accuracy of pour point | ocations

DEM used. -Wds dleuthiiggrh DEMs can provide more p
require more computati orneaslol pudwerary DiENdsSCc aommp @rs!|

topographical details, potentially |l eading to
Advancements in technology have streamlined t|
i n ArcMap, with innovations in remote sensi ng
detection of watershed outiwaetershkedsdpt ogeas s
hydrol ogi cal model i ng, water resource managem
The meticulous generation of pour point data
investigations, environment al management , anc
boundaries are accurately odmadi #reaekd snfgen Sd eutda
by EI wan et al . (2015) , |l oannou et al . (201
i mplications and i mportance of precise waters|

grasping hydr ol onga ncaag i npgh ewaotneern ar easnodur ces s ust a



34 1. 6. delineating watershed

Delineating watersheds with Digital El evati o
procedure for hydrological anal yoiun,d airn etsr Wme
from terrain information. This operation 1is
managing watersheds, analyzing flood risks,
Spatial Analyst extensienthe AydMapogwhitol!| se
"Watershed" tool that enables the demarcati on
designated pour points. Bal i et al .'"s study
exempl i fies t hoen porfactthiicsalt ocaoplp.l i cat i
Furthermore, the Batch Watershed Delineation t
mul tiple watersheds, a feature | everageddby F
area in India. This del iintema-theisgph ehdeav DEMs wh art
data such as | and usage and soil properties, Yy
assisting i n wat er resource administration,
preservation initiatives.

The fidelity of watershed delineation within .
granul arity of the-reEMI uti binz®EMsWH iulremi Bihgh nt
pose computational chal |l enegresr.esCnl uthieo rotnriegh th g
topographical nuances, potentially skewing tI
within the DEM, such as artificial depression
and accumul apaoninghehebgccwmracy of delineate
Contemporary strides in GIS technology, i ncl u
refining flow calculations, have been instrum
boosting the delineation grdaass'of eafefsieaaacyh al
exploited ArcMap's delineation capabilities,
GI'S methodol ogies in attaining precise delin:
el ucidat ed tMse wsiytnhe rsgpyatoifalDEdat a f or pinpoi nti
while Abbas (2028 festtoiwcasetr at ecgoystf or flood
ArcGl S's Model Buil der .

The influence of DEM data resolution on the a
by Rawat et al . (2014) , highli-gbsohgtitdre pPBA
particularly in regions with mitniamal (R2&Il2i2¢ f a nA
et al . (2021) comparing delineation outcomes

contingent on the chosen DEM' s resolution and



34. 1. 7. defining the streams of the wat e
|l denti fying stream channels and mappingnthe di

ArcMap constitutes a critical step in hydrolc
mapping stream paths. This process wutilizes t
extensi on, which <creates fgtomeaam frlaosw ea sc uomu | f
contingent on set threshold values. Such an aj
within the Nardmanda sRirvwdr nlga 4 ihre,-woad Id'" ss caempalrii coe
Subsequent to generating the stream raster, t
raster i nto a polyline or ' ine shapefil e, ef
extraneous branches. This rRrfadchheame nat palo.c eisrs,:
work with the SWAT model , IS cruci al for tr
hydr ol ogi cal model s into tangible GI'S feature
detailed examinatfi csntsr eemamd cewdli wautriadnonse, f aci
flow dynamics, erosion patterns, and resource
The precision of stream network mapping-heavil
resolution DEMs reveal detailed stream net wor
mi ght not be relevant tresohé&Msboumd\Phsd foveud 0ok
stream channels, yielding an incomplete hydrol
selection of flow accumulation thresholds is
significant st rcvamshr evshlealedass owovelrds yirneaacnt uarr aet aesl
Stre@&mwor k delineation supports a broad spec!
water movement and sedi ment transport to wat
evaluation and aquatic habitat consebDBMti on.
resolution and the determination of appropri a
to ensure that the research objectives are sui
Advances in GI'S technology and hydrological r
enhance the accuracy of stream network deline
sensing data and field observaéesonhse Phiesi sn
operational efficiency of hydrological I nvest
Studies by Wulf et al. (2019) , l ngle et al. (
di verse applications of DEMs in | andscape de
|l andscape connectivity st urdeceiss e hsitgrhd a ng hnte tnwo r
conducting thorough hydrol ogical and environm



34 1. 8. conversion the watershed and stre

Transf or mi ngs twad e&m scheetda afnrdom r aster to vector
in the realm of hydrol ogi cal anal ysi s, facil
amal gamation with diverse data sets. plahtei aRlas't
Analyst extension, is instrumental in convert
or shapefil es. This conversion process <craft
techniqgue showcased by NRalmadet Rdlv.eri rbatsh eni ri ns

parallel, the Stream to Feature tool, a cor
r transforming stream raster data into poly
ream network by excisipngashpenafts| adoptledabygh
8 for their hydrol ogical model ing endeavor
Polyline tool provides a straightforward n
o pol yl iense, fdeealtiunreeatdlnags st he stream net wor k
hin the Al aknanda River basin.

t

t

e transition of watershed and stream data il
th ot Wersedec@loSr | ayers but al so broadens t
nservation planning, andsinNoasgthetttssal the
is conversion process is contingent upon t he
y yield overly intricateeso®t¢twudi omi DEMswloe n mi
e
g
t

>

-3 O OO
[ —

=y

oversi mpht r eat iwemrs bbidtoiver DEMs. Mor eover
arding parameters, such as the fl ow accumu
iculous deliberation.

ancements in technology are continuously a
and novel al gorithms enhancing t he conver si
incorporation of remote sensi ng odbastear,v amha comisn e
DEM analysis has been pivot al in refining th
conversion.

Il lTustrative examples of empbkeyi wgtArcMapg faod

®© O® >S5 ®» T 0

>
o
<

into vector formats for environmental assessm
Muj i burrehman in 2014 and Ejnidkeeme oete dlh.e ipn v2
this conversion process in facilitating hydr
underscoring the i mportance of precise and met
and environmentabk.conservation effor



34. 1. 9. extracting streams of the waterst
Extracting streams from watersheds using Digi
fundament al task in hydrological anal ysi s, I
resource management , and ecologicpatiaslseAsanley
extension's Stream Definition tool to create
accumul ati on r asdteetre,r neimpel do ytihnrge sah oulsdert o def i ne
necessary for stream c hgauense'l 20lr9madti wchy dBmltih
basin in India is a testament to the tool's aj
After generating the stream raster, the Strea
classes or shapefiles, thereby streamlining t
This conversion is crucialtherdrpaionwvagle nmge taw o
watershed confines, a method adopted by Pradh
wat ershed with the SWAT model

The transition from theoretical stream net wo
features for GI'S analysis underscores the Str
anal ysi s. The precision of tnhdes sotnr etahme eixn p watc
resolutiemol wHi g&hn DEMs can uncover detailed s
extraction process due to the increased | ands
Despite potenti al hurdles related to DEM qua
application of best practices and field ver.i
applicability of the extractieedbtstlr daom rmgetaw@r kn
dynamics and informing decisions in water res
The extraction of stream networks finds i ts
water shed management , fl ood risk evaluati on,
delineated stream networks are vheda adeVvelromrmd ret
flood mitigation strategies, and pollution s|
stream networks assists in biodiversity conset
and designing comnwicltdlviiftee. corridors fo
Technol ogi cal advancement s i n Gl S, remot e S

introduced sophisticated methods and tools fo
with DEM resolution and the aut oomattisore nasfurteh m
u

accurate and efficient stream network deline
hydrol ogi cal studies and environment al manage
Research endeavors, such (a2s0 2t3h) o s eH acba nud uacntde dS I
et (2015), and Fattahi et al. (2022), illustra
anal ysis and environment al pl anning. These s
extracted stream networKks in madersgacodnsgr w
strategies, and executing flood anal yses, hi g
hydr ol ogi cal nmondeen tianlg eavnadl ueantvii ornos .



342 . preparing terHM$:n data for HEC

34. 2. 1: Create a new basin model

Establishing a new basin model represHNMEs t he
for simul atuinrod f r @ir rofcveedstiseerss hierd styesrmh e ms . This p
meticulous configuration of physical and hydr ¢
simulation and analysis of hydrological event

A) Wat ershed Delineati on

The process ofmodeéatiinngi atbaswnth the deline
establishing the spatial domain for the model
which all hydrol ogi cal processes are shiwyul ate
relies on topographic dat a, usually sourced f
prepared in advance using ArcMap software.

BPubasin segmentation

Once a watershed is defined, the basin model
hydrol ogi cal ubnai sti sn sk nwohwdoraes issnascud ss wkni que hydr o
characteristics, whi ch are esnsdeamtgi adf ffolrowd eptr.
within the watershed.

CDetermine the hydrological el ement s:

These el ements include the foll owing:

-Ri ver and accé&ashelrement segmreadi my mxdtenke wdd:
specific channel roughness and channel geome
simul ati on.

-Add Junctions hddntRiefaightbhe connect i obnassiwhser e

converge, and the connections that represent

-Outl et confOgulreat $ oare the points where typi
their | ocation has been determined based on p
DPreparing the meteorological mo d e |

An i mportant component of the runoff si mul at
integrated with the basicnonmpodeln.t sThvHI&ii mwoalhvee
integrate rainfaldl data throughout the si mul

reported.



34. 22. HH®S Par ameters

I n this study, the focus was o,LotsTBeanmnsainbdonvi n g
Routihmet hodfoolrogysf orm padametuen sivgama ntuha |ls esntturdy
c alHKierdpmecthh o d
1. Baskdd ofwWl ow refers to the portion of the s
recent malinfagl sowow, but rather from the grour
a critical component i n hydrological model i ng
mai ntains stream | evels during periods of no
Il n this study excluded this ( NON)
2. Lloessss modeHMS irnepHfEeCs ent t he processes that |
(part of rainfall that contributes to runoff).
|l oss met hdMdS iim tHHEICs study: Il nitial and Const
foll owed by a constant rate of infiltration.
3. Tranlgfamrshor m mdAdM8l somnnwe HECexcess precipita
into direct runof f. This modeling helps to de
translates into flow within the river system
transform médtMiBod s itmi HEGt udy Clark's Unit H
concentration and stor age ac cefnfsii dieea mtt,i ofnsc u s i
4. Routing
Routing metHWMWSd deisc rHBb &G how water moves throug
and how the flow changes in response to the <c
routing techMSquest hnsHE@Qwahy e: MMdu hiloidngums co
that requires parameters | i ke channel l engt h,
U Kirpich:Method
Generally wused for natur al basins with well d
mowed grass roadside channel s It is give sh
YO T8ty 8
Wher e
Te Time of concentration ( min)
L= Hydraulic |l ength (ft)

SS Average Nkasyin slope (ft



ChapoemRefsul ts and discussi on:

4.1. Comparative Analysis of Digital Elevation Models (DEMs) and Study
Area Boundaries

(i ALOS PALSAR (12.5 M) & ASTER G-DEM (30M):

ASTER G-V003 (30M) Digital Elevation Model

p— . . Legend o _ 37 e

D Study area board Legend
| Study area bonrd

ALOS12.5M
ASTENR GDEMY 003 (30M)

Valu_e . Vale
- High : 1830 Tigh 1786
ordinate Sys 5 WGS 1984

or
Low : 220 . Daru Lo AT
1z nir

Fig 29: ALOS DEM boundary Fig 30: ASTER G-DEM boundary

U Characterized by its fine 12reter resolution, the ALOS PALSAR DEM provides a detailed
representation of terrain variations, essential for accurate hydrological simulations. Covering
a range of elevations from 220 to 1830 meters, it effectively captiivesse topographic
features. However, the high resolution of this DEM demands considerable computational
resources and may incorporate terrain details that minimally affect the overall water flow
dynamicsdemonstrates exceptional boundary precisiondloaely aligns with the study area,
showing minimal discrepancies. This level of detail is crucial for capturing the complexities of
terrain, thereby significantly enhancing the accuracy of hydrological models.

U With its 30meter resolution, the ASTER-BEM offers a pragmatic balance between detailing
essential terrain features and ensuring computational efficiency. Its elevation range, from 175
to 1786 meters, is apt for regional hydrological studies, providifiicient detail without
becoming bogged down in excessively fine terrain specitsle the ASTER GDEM offers
a relatively accurate boundary match with itsr86ter resolution, it may gloss over crucial
topographical nuances. This potential oversingaifon could result in minor inaccuracies in
watershed delineation, particularly impacting hydrological models in areas where precise
boundary definition is critical.

TP



u GTOPO30 DEM (1KM) & MERIT DEM (90M) :

GTOPO30 (1 KM) Digital Elevation Model

Tom -3 Legend Legend

o 3 & 12 18 24 30 GTOPO30 [] study area board
Value MERIT 90 M
- High: 1772 Value

my Hion: 1778

Low: 0

Low : 166

Fig 31: GTOPO DEM boundary Fig 32 : MERIT DEM boundary

U Offering a macroscopic perspective with itkilbmeter resolution, GTOPO30 spans an
elevation range from 166 to 1772 meters, providing a broad overview of the terrain. While
this resolution may not be suitable for detailed hydrological process modeling, it excels in
largescale watershed or basin analyses where granular details andtilesis c

U0 Marked by its coarse-Rilometer resolution, the GTOPO30 DEM exhibits significant
boundary divergences from the study area, which can lead to substantial generalizations.
These broad approximations can introduce major inaccuracies in hydrological modeling,
especially in regions characterized by complex terrain.

U MERIT DEM, featuring a 99neter resolution, offers a consistent detail level for elevations
ranging from 0 to 1776 meters. This model is ideal for numerous hydrological modeling
situations, providing sufficient detail to accurately depict water flow pettevithout
overwhelming computational requirements.

U The MERIT DEM matches the study area fairly well, though minor variations are noticeable
due to its 98meter resolution. Theskfferences might slightly affect the model's performance,
but they are less significant than those seen with the GTOPO30 DEM.



U SRTM DEM 30M AND 90M :

SRTM (30M) Digital Elevation Model

\ 56 :
— : : ) . Legend ¢ Legend

[ Study area board [ ] Study area board

ANTA YoM SRTM 90 M

Value Value
High | 1783 - High : 1778

System GCS WGS 1984 Coordinate System: GCS WGS 1984

Datum: WGS 1984

Units: Degree

Low 1173 Low : 174

Fig 33: SRTM30 AND 90 DEM boundary

U SRTM DEMs are available in both 30eter and 98neterresolutions, offering a flexible
solution for hydrological modeling. The 30M version covers elevations from 172 to 1782
meters, and the 90M version ranges from 174 to 1778 meters, making them adaptable for
various scales of hydrological analysis.

U The SRTM DEM, in both 3@neter and 90neter resolutions, consistently represents
boundaries. The 30M variant delivers finer detail, while the 90M resolution, though slightly
less detailed, still accurately depicts the boundary with only a few exceptions.



i

NASA DEM (30 M) & Tan DEM -X 90 M ::

Legend Legend

[ Study area board [ Study area board
NASA 30M TanDEM-X 90M
Value Value

- High : 1785 - High : 1827.5

orinate System: GCS WS 1964 -
S 1984 i

. ordinate System: GCS WGS 1984
um: WG m
- Degre

< -
Datum: WGS 1984 Low : 224.986
Units: Degree

Fig 34 : NASA DEM boundary Fig 35: Tan-X DEM boundary

Like ASTER GDEM, the NASA DEM provides &0-meter resolution, though its elevation
range slightly differs, spanning from 174 to 1785 meters. These small variations in elevation
data may indicate differences in data processing methods or the quality of source data, which
could influence the resultof hydrological models.

Reflecting the performance of ASTERIEM, the NASA DEM accurately outlines the study

area boundary. However, small discrepancies highlight potential issues in hydrological
modeling that demand exact bounddejineation.
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U Comparative I nsights:
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3. Anal ysis of
U ALOS PALSAR &ASTERDEMW ) 30M)

e = e

Stream Net wor ks

Stream Of ASTER GDEM V003 (30M)
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i GTOPO30 DEMMERIM) DEM: (90 M)

Stream Of MERIT (90M )
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ua SRTM DEM 30M AND 90M

Stream Of SRTM (30 M)
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NASA DEM @&Tad mEMO )M

Stream Of NASA DEM (30 M)

Stream Of TanDEM-X ( 90M )
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x ComparAnalvesi s
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4. 3 :mpact of DEM Resolution on FIl ow
The maps presented showcase flow accumul ati on
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ua GTOPO30 DEM (1KM) & MERI T DEM (90M)

" 1 Flow Accumulation MERIT (90M) [
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SRTM DEM (30M) & (90M) :

44444

Legend
Legend FlowAcc
FlowAcc
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Value
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U It turns out that the 90M DEM is less detailed than the 30M version, but both identify the
main flow channels adequately, and the values are large, especially at 30M resolution,
indicating good flow path convergence.



U NASADEM (30M) & Tan DEM-X90 M :

Flow Accumulation NASA (30M)
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5.4. WatershedDelination Analysis of Digital Elevation Models
(DEMSs) for Hydrological Modelin :

(i ALOS PALSAR (12.5 M) & ASTER G-DEM (30M):

Fig 50: ALOS WATERSHED Fig 51: ASTER WATERSHED

0 ALOS12M effectively outlines major flow patterns and key convergence points within river
networks but falls short in capturing finer tributaries. Its focus on main channels may neglect
complex floodplain interactions.

U This modelimproves resolution around the peripheral branches of the watershed compared to
ALOS12M, but still struggles with ambiguities in mapping smaller streams. The general
smoothing of terrain may limit its effectiveness under severe hydrological scenarios.



u GTOPO30 DEM (1KM) & MERIT DEM (90M) :

Fi52GTOPO WATERSHED Fi & MERI' T WATERSHED

U GTOPOprovides a generalized view of river networgapturing major watercourses but
omitting finer details critical for advanced watershed analysis. This oversimplification may
lead to inaccuracies in flood modeling.

0 MERIT Similar to ALOS12M, MERT90 offers a solid depiction of water flow paths and
larger stream networks, but it may not capture the smallest tributaries.

Gpp



U SRTM DEM 30M AND 90M :

FigSRTM30 WATERSHED Fis8SRTM90 WATERSHED

0 SRTM30 provides extensive detail, mapping significant and minor streams thoroughly,
making it highly suitable for accurate hydrological simulations and cont@teain analysis.

0 SRTM90M is noted for its detailed representation of both major and numerous minor
streams, though it might miss the very smallest streams. This model skillfully balances detail
with a broad depiction of watershed features.

i NASA DEM (30) :

FisNASA WATERSHED

U With comprehensive coverage, NASA30 excels in depicting both major and minor
tributaries, providing detailed topographic data that enhances hydrological modeling in
adverse conditions.

dc



U Tan DEM-X90 M :

Fig 57:TANDEM WATERSHED

U TanDEMXis distinguished by its comprehensive detailing of river networks, accurately
mapping complex flow paths and network complexities, which is perfect-figpth
hydrological studies.

x Comparative Insights:

V Higherresolution models like ALOS12M, MERT90, NASA30, SRTM30, and TanDemX are
preferred for their precise and detailed terrain portrayal, crucial for modeling hydrological
responses to extreme weather.

V In contrast, loweresolution models such as GTOP@EM might miss important
watershed features, compromising flood predictions.

V Models like AsterGdem and SRTM90M offer a middle ground, balancing detail and
computational efficiency, though they may not capture all critical minor features during
severe conditions.



4.5: Impact of Digital Elevation Model Resolution on HEGHMS
Simulated Hydrologic Response Under Extreme Climate Conditions

i ALOS PALSAR (125M):

aGlahaISummary Results for Run "Run 2 = a X

Project: ALOS12  Simulation Run: Run 2

Start of Run: 22Mar2012, 00:00 Basin Model: ALOSIZM
End of Run: ~ 304pr2012, 00:00 Meteorologic Model: Apr2012
Compute Time:094pr2024, 13:54:43  Control Specifications:Apr2012

Show Elements: Al Elements Volume Units: @ MM () 1000 M3 Sorting:  Watershed Explorer
Hydrolagic Drainage Area Peak Discharge Time of Peak Volume
Element (Kkm2) (M3f5) (MM)
o7 53.7 | 210 12 April 2012, 23:00 | 12747
] 30 148 12 April 2012, 23:00 12747
RS 917 358 12 April 2012, 09:00 12747
pS 729 285 12 April 2012, 23:00 12747
e 354 138 12 April 2012, 23:00 12747
i 2000 7.1 12 April 2012, 11:00 12747
0 a3 ‘ %0 12 Aprl 2012, 2300 ' w4
9 739 | 288 12 April 2012, 23:00 | 12747
R6 366.2 1429 12 April 2012, 14:00 12747
pll 458 179 12 April 2012, 23:00 12747
R7 4120 160.8 12 April 2012, 12:00 12747
pe 424 16,6 12 April 2012, 23:00 12747
pil 20 8.6 12 April 2012, 23:00 12747
R3 4764 ‘ 186.0 12 April 2012, 13:00 I 12747
p! 315 146 12 April 2012, 23:00 12747
p12 0.0 0.0 12 April 2012, 23:00 12747
R2 5139 2006 12 April 2012, 13:00 12747
l1a] 269 847 12 April 2012, 24:00 12747
p13 704 ‘ 275 12 April 2012, 24:00 I 12747
R1 8012 3128 12 April 2012, 19:00 12747
pl4 933 364 12 April 2012, 24:00 12747
Sink-1 8345 3.2 12 April 2012, 19:00 127.47

Table3:ALOS global summary

c:

Drainage areas. 0.0- 513.9 KM2
Peak discharge range 0.0- 200.6 M3/S
U Time of peak: Predominantly 12April 2012, 23:00 to 24:00, with Sirk peaking earlier at
19:00
U Volume: Consistently 127.47 MM across all elements
- The peak discharges for ALOS12 show a range from 0.0 m3/s to 200.6 m?/s, with most peaking
times between 23:00 and 24:00 on 12 AR@12. The consistency in volume across all
elements remains unchanged, demonstrating the robustness of thisdulyttion DEM under
varied routing and transformation parameters.

c:

Py



i ASTER_GDEM (30M) :

EGIaha\ Summary Results far Run "Run 2" = o X

Project: ASTER_GDEM30  Simulation Run: Run 2

Start of Run: - 22Mar2012, 00:00 Basin Model; AsterGdem

End of Run:  304pr2012, 00:00 Meteorologic Model: Apr2012

Cornpute Time:DATA CHANGED, RECOMPUTE  Control Speciications:Apr2012
Show Elements: All Elements Volume Urits: @ MM () 1000 M3 Sorting: Watershed Explorer

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (kM2) (M3f5) (MM)

B7 535 09 12 Aprl 2012, 23:00 174
% 33 ‘ 150 12 ol 2012, 300 ‘ 174
RS 918 39 12 April 2012, 09:00 12147
BS 79 85 12 April 2012, 23:00 12747
B8 340 133 12 April 2012, 23:00 12747
R4 1887 776 12 April 2012, 11:00 174
B3 917 ‘ 358 12 April 2012, 23:00 ‘ 174
‘59 1 i1 12 Apri 2012, 23:00 14
‘RE 366.2 1429 12 April 2012, 1200 12747
B10 463 183 12 Apil 2012, 24:00 12747
R7 4131 1613 12 Aprl 2012, 12:00 12747
B2 419 ‘ 163 12 April 2012, 23:00 12747
g1l 12 83 12 April 2012, 23:00 174
B3 4762 185.9 12 April 2012, 13:00 127.47
Bl 375 | 146 12 April 2012, 23:00 | 12747
B12 02 01 12 April 2012, 23:00 12747
) 5139 ' 05 12 Agrl 2012, 1300 ' g
B4 2169 847 12 April 2012, 24:00 12747
B13 0.7 776 12 April 2012, 23:00 12747
Rl L6 | 329 12 Aprl 2012, 19:00 | 174
Bl4 839 u7 12 Apil 2012, 4:00 174
Sink-1 205 . 76 12 April 2012, 19:00 . 12147
T

Table4: ASTER global summary

Drainage areas. 0.2- 513.9 KM?

Peak discharge range 0.1- 200.6 M3/S

Time of peak: Ranges broadly from 09:00 to 24:00 on 12 April 2012
Volume : Consistently 127.47 MM across all elements

c-CcC-CC:

- ASTER_GDEMBSO0 follows a similar trend to ALOS12, with only marginal differences in peak
discharge times. This suggests that despite the resolution, the influence on timing and discharge
values is minimal, maintaining a consistent volume output.

¢ cp



i GTOPO30(1KM):

(3 Blcbal Summary Results for Run "Run 2 - 0 X

Project: GTOPO30_1KM  Simulation Run: Run 2

Start of Run: - 22Mar2012, 00:00 Basin Madel: GTOPO30-1KM

End of Run: 30412012, 0000 Meteorologi Model: APR2012

Compute Time:DATA CHANGED, RECOMPUTE  Control Specfications: APR201Z
Show Elements: Al Eements Valume Units: @ MM () 1000 M3 Sorting: Watershed Explorer -

Hydrlgic Drainage Area Peak Discharge Time of Peak Volume
Element (km2) M315) (hm)

i 66,1 58 12 hprl 2002, 23:00 e
w ' %3 42 ' 124 2013, 30 4
R6 1024 400 12 Aprl 2012, 09:00 ma
fi6 63.3 Ui 12 Aprl 2002, 24:00 w4
B I LH 1L6 ‘ 12 hprl 2002, 23:00 4
R4 1955 73 12 hprl 2012, 14:00 4
i | 73 0l | 12 Apil 2012, 23:00 w4
B4 6 B3 12 hprl 2002, 23:00 m4
R 53 1348 12 Al 2012, 12:00 4
B2 m 105 12 Aprl 2012, 33:00 w4
R8 3 1433 12 hprl 2002, 13:00 4
B2 33 142 12 horl 2002, 23:00 4
B13 149 58 12 April 2012, 23:00 el
Ri 4235 1653 12 Aprl 2002, 13:00 w4
B ' ) 14 ' 12 gl 201, 24100 w4
B4 214 84 12 pril 2012, 23:00 4
R 4598 1951 12 Aprl 2002, 16:00 e
B I 912 b 12 fprl 2002, 23:00 04
B3 5.1 03 12 pril 2012, 23:00 4
B10 679 %5 12 April 2012, 23:00 4
Bls I M A1 12 fprl 2002, 23:00 w4
Rl 6218 12 12 pril 2012, 16:00 4
Bi6 | 43 Bl 12 April 2012, 24:00 e
Sink-1 £9.2 18 12 April 2012, 22:00 4

Table5 :GTOPO global summary

Drainage areas:14.9- 423.5 KM?

Peak discharge range5.8- 165.3 M3/S

Time of peak: Shows significant variation, ranging from 09:00 to 23:00 on 12 April 2012
Volume : Consistently 127.47 MM across all elements

.

GTOPO30_1KM, the lower resolution DEM, displays consideraat&tion in the timing of
peak discharges, some occurring as early as 09:00. This indicates a potential sensitivity to spatial
resolution in capturing dynamic flow details.



i MERIT DEM (90M ) :

[ 6lbal Summary Results for Run “Run 2* - 0 X

Project: MERITS0  Simulation Run: Run 2

Startof Run: 22Mar2012, 00:00  Basin Model MERITY0
EndofRun: 3042012, 0000 Meteorologic Madel: Apr2012
Computs Time:09Anr2024, 08:40:50  Control Specficafions:Apr2012

Shew Elements: Al Flements Volurie Urits: @ MM () 1000 M3 Sorting: Watershed Explrer
Hydrolic Drainage: Area Peak Dischage Tite of Peak Volirne
Bement (1) (M35) (M)
B7 50 k) 12 Apr 2012, 230 4
fib 8 148 12 Aprl 2012, 23:00 1747
RS 28 33 12 Aprl 2012, 11:00 1747
B s %83 12 April 2012, 23:00 . 12747
B3 16 135 12 Apr 2012, 230 4
R4 000 7.1 12 Aprl 2012, 11:00 1747
B 23 360 12 April 2012, 2400 1747
B JE1 A7 12 pr 2012, 2500 . 12747
R6 6.0 1429 12 Apr 2012, 1400 14
il 48 183 12 Aprl 2012, 23:00 1747
k7 428 1611 12 April 2012, 14:00 1747
Bl 73 146 12 Aprl 2012, 2300 12747
BiL 1l 82 1 April 012, 23:00 4
R3 4.1 1839 12 Aprl 2012, 2400 _ 1747
B {22 165 12 Al 2012, 23:00 1747
B12 00 ) 12 Apr 2012, 2300 12747
R 5134 004 1 April 012, 22:00 4
i 174 B8 12 Aprl 2012, 2400 _ 1747
BL3 12 Uid 12 Aprl 2012, 2400 1747
il 8019 30 12 Apr 2012, 20:00 12747
Bl4 %40 37 1 April 012, 13:00 4
Stk 1 9.9 7 12 Aprl 2012, 2200 1747

Table 6:MERIT global summary

Drainage areas.0.0- 471.1 KM2

Peak discharge range0.0- 183.9 M3/S

Time of peak: Primarily 12 April 2012, 14:00 to 24:00, with variations
Volume : Consistently 127.47 MM across all elements

cC.CcCCcCC

MERIT90, similar to higher resolution models like ALOS12, displays a range ofdieaiarge
times throughout the day, with the highest peak occurring earlier than in most other elements.
This suggests good temporal resolution capture despite its 90m pixel size.



i NASA DEM ( 30M ) :

mG\obu\ Summary Pesults for Run "Run 2" - 0 X
Ty

Fraject: NASA30  Simuzton Run: Run 2

Start of Run: - 22Mar2017, 00:00 Rasin Modzl: NASATO
End of fun:  30Apr2012, 00:00 Metearelogic Model: Apr2i2
Conipute Time:DATA CHANGED, RECOMPUTE  Contral Specfications AprZ0i2
Show Flements; 41 Mlements Vol Unis: G MM () 1000 M3 Sorting: Watershed Mplorer
Hydrokgic Drainage Araa ek Discharge Time o Peck Vil
Clement (142) (M3f5) (WM}
Bl A ny 12 Aprl 2012, 200 1314/
o B 144 12 fprl 2012, 24400 174
R: L6 37 17 dpril 2017, 09:00 17747
B [Z3] B4 12 fpil 2012, 200 12747
it 35 134 12 fpnl 2012, 2340 11147
R 169 0 17 dpril 2017, 11:00 17747
i 93 360 12 Apil 2012, 23:00 12747
] A it 12 Apr 2012, 2300 1214/
i Jad 1428 12 dpri 2012, 14:00 1147
Bl0 459 179 12 April 2012, 23:00 1747
R/ 4120 1608 12 Aprl 2012, 12:00 1274/
i a5 16k 12 Aprl 2012, 24:00 14
Al 19 86 12 April 2012, 23:00 1747
R3 4754 1860 12 Al 2012, 1300 13747
bl HE 147 12 fpnl 2012, 2400 12747
i? 03 [iAl 17 April 2012, 23:00 147
Rl 43 008 12 Apil 2012, 13:00 12747
B4 il 54 12 Aprl 2012, M0 1414/
it} i 14 17 dpri 2003, 2300 11747
Rl I BOLE s 12 April 2012, 19:00 1747
B4 905 33 12 Aprl 2012, M0 1214/
dik1 B2t M 12 dpri 2002, 1540 141

Table7:NASA global summary

Drainage areas0.3- 476.4 KM?

Peak discharge range.1- 186.0 M3/S

Time of peak: Mainly 12 April 2012, 12:00 to 24:00, with some variations
Volume : Consistent at 127.47 MM for all elements

cC:

-NASA30 shows a consistent volume with slight variability in peak discharges and times,
aligning closely with the patterns observed in ALOS12 and ASTER_GDEMS30. This consistency
across various highesolution DEMs underscores their reliability in hydrologioadeling



i SRTM DEM ( 30M ) :

(5l Sy el o a7 -0 A

Frafect: SRTM30 - Siiulston Run: Run 2

Sl ol R 22Mar20L2, 00:00 Biasin Mo RN
o of Hom: 042012, 0010 Mefeeralngy: Hodkl: PR
Compute TimesDATA CHANGED, RECOMPUTE  Combol Specficators:APR2012
Show Clements: Al Cements Velume Urits: € MM () 5000 M3 Sorting:  Watershed Ciplorer
Hydralge naiage Area Frah Dacharge Time f Prsle Vel
Dement (] (W3] (MM}
ﬁ 55 0 12 Aprl 2012, 230 1278
(i R 154 12 dprl 2012, 2300 174
RS 919 158 12 prl 2012, 0800 14
B T8 14 12 Apil 212, 300 174
He hl 13/ 1 Ap\'\| Az, F 1214/
f 169 i 12 dprl 2012, 1100 14
i ) i 12l 2012, 7300 174
B 7 14 12 hprl 2012, 3300 14
% 360 142 12 Apil 2012, 1400 174
HIll 4 174 1 Ap\'\| Az, F 1214/
i Aih 1608 12 dprl 2012, 1200 14
B #5 16§ 12 horl 212, 1300 14
Bll 20 86 LAl 012, 200 174
i8] Ak 144 1 Apr\l A, 15 1214/
il s i 12 dprl 2012, 2300 4
B2 03 0l 12 hoil 202, 300 174
n 541 mi 12 4pi 2012, 1200 12781
H LM Flh 1 Apr\l A, 1204/
3 ni 74 12 prl 2012, 2400 14
Al BLL 7 12 hpil 2012, 1900 174
14 B0 i 12 4prl 2012, 2400 1278
k1 Bt kiCll 12 dprl 002, 2200 174

Table8 : SRTM30 global summary

Drainage areas. 0.3- 476.3 KM2

Peak discharge range 0.1- 185.9 M3/S

Time of peak: Mainly 12 April 2012, 12:00 to 24:00, with some earlier peaks at 09:00
Volume : Consistent at 127.47 MM for all elements

.

-SRTM30's results closely align with those of ALOS12, showing that even with a slightly lesser
resolution, the peak discharge times and values are minimally affected.



i SRTM DEM ( 90M):

[aicbl Summary Results for Run *Run 2° -0 X

Project: SRTMOM  Siruation Run: Run 2

Startof Run: ZMard012 0000 BasinModel  SRTWOM
EdofRun: 304pr2012, 0000 Meteorologic Model: Apr2012
Compute Time: 1142024, 08:20:59  Contrl Speccatons:Apr2012

Show Elements: Al Femens Volume Units: € MM () 100 M3 Sorting; Watershee! Explorer
Hydrokgic Drainage Area Peak Discharge Tine of Peak Volme
Fement (K42 (M) (M)
B 57 w0 12 4pri 2012, 2:00 4
] 383 149 12 4 2012, 23:00 17747
Ry 20 39 12 Aol 2012, 09:00 1747
B 10 85 12 dpri 2012, 23:00 . 12147
i 35 139 12 4pri 2012, 2:00 4
R 004 72 12 4 2012, 11:00 | 12747
B3 920 9 12 Aprl 2012, 23:00 1747
B 1l 188 12 4ol 2012, 2500 12147
R6 3661 1429 12 April 012, 1400 ma
B0 466 182 12 Al 2012, 23:00 _ 1747
R7 427 1611 12 April 2012, 14:00 1747
Bl 31 145 12 dpri 2012, 23:00 114
Bl i) B2 12 April 012, 3:0 ma
Ri 408 1838 12 Apr 2012, 1500 1747
B 423 165 12 April 2012, 4:00 I 12747
Bl 01 00 12 4prl 2012, 23:00 4
R 5133 4 12 4 2012, 15:00 12747
B4 174 849 12 Aprl 2012, 24:00 1747
BL3 JIA! 114 12 Aprl 012, 24:00 . 12747
Rl 8008 316 12 April 012, 20:00 4
B4 766 B9 12 & 2012, 24:00 12747
Sike1 6774 M5 12 Aprl 2012, 20:00 1747

Table9: SRTM90 global summary

Drainage areas.0.1- 470.8 KM2

Peak discharge range8.2- 183.8 M3/S

Time of peak: Mainly 12 April 2012, between 09:00 and 24:00
Volume : Consistent at 127.47 MM for all elements

cC.CcCCcCC

-SRTMO0M displays similar behavior to SRTM30, indicating that the differences in resolution
between the 30m and 90m variants dogighificantly alter the hydrological outputs for the
tested parameters.



(i TanDEM-X (90M ) :

(3 Global Summary ResulsforRun 'Run 2 - 0 X

Project: Tan¥DEM30  Simulation Run: Run 2

Start of Run: - 22Mar2012, 00:00 Basin Model: TanDemy
EndofRun: - 30Apr2012, 0000 etearalogi odel: Apr2012
Compute Time:DATA CHANGED, RECOMPUTE  Control Speciications:Apr2012
Show Hements; Al Eements Volume Units: @ MM () 1000 M3 Sorting: Watershed Explorer
Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Benent (ko) (w35) ()
i) 39 pikl 12 Aprl 2042, 2300 1747
B6 ‘ 18 148 12 hpril 2012, 2300 174
R3 L6 358 12 hpril 2012, 09:00 1747
] A 24 12 Apr 2012, 23:00 1747
B 14 138 12 bl 2012, 23:00 1747
R4 1908 70 12 b 2012, 1100 174
B3 919 33 12 hprl 2012, 300 4
] 134 238 12 il 2012, 2300 12747
R6 356 1427 12 Apri 2012, 14:00 174
B0 141 55 12 hprl 2012, 23:00 04
R7 i 1482 12 bl 2012, 1400 1274
Bl 537 Pt 12 Apr 2012, 24:00 74
Bl kAl 145 12 Aol 2012, 23:00 4
R . 405 1837 12 bl 2012, 17:00 1074
B2 27 167 12 il 2012, 2300 IEN
B2 01 00 12 Apri 2012, 2300 4
R ‘ 533 2004 12 hpril 2012, 20:00 1074
B4 174 849 12 bl 2012, 18:00 174
B3 no n7 12 Apr 2012, 24:00 4
Rt 817 130 12 bl 2012, 20:00 074
B4 s 310 12 Apri 2012, 24:00 10747
Sink-1 1.2 40 12 Apri 2012, 20:00 74

Table10: TAN9O global summary

Drainage areas. 0.1- 470.5 KM2

Peak discharge range5.5- 183.7 M3/S

Time of peak: Mainly 12 April 2012, between 09:00 and 23:00
Volume : Consistent at 127.47 MM for all elements

[ eI et et en

-TanDEM906s results ar e i-msolutomDEMsyshowing riineas e f r
differences in hydrological outputs, which indicates its effectiveness in capturing the dynamics
of the modeled storm event.

M p



4.6.Comprehensive Analysis of Digital Elevation Models (DEMS) in
Hydrological Simulations:

A comparative analysis was performed on various digital elevation models to explore their
effects on hydrological modeling results, with a particular focus on runoff volume, peak
discharge rates, and timing during extreme weather conditions.

Across various Digital Elevation Models (DEMs), the analysis consistently demonstrates a

robust approach tealculating runoff volume, with levels remaining unchanged across different
DEMs and simulation runs. Although there are minor variations in peak discharge rates, these
generally remain stable. However, a significant observation is the difference imitg oif

these peak discharges, especially noted in "Run 2" where peak occurrences are often earlier. This
indicates that modifications in routing and transformation parameters can significantly influence
the timing of hydrographs, emphasizing the critrodd of parameter selection in hydrological

models, particularly for flood forecasting and emergency response under extreme weather
conditions.

The findings from "Run 2" suggest that while overall runoff volume is consistent, showing
resilient model output, the timing of peak discharges exhibits more significant variability. This
variation is influenced more by changes in routing and transformatéthodologies than by

DEM resolution, pointing to the importance of flowpath length and slope details for accurate
timing predictions in hydrological responses. These results underscore the necessity of choosing
appropriate routing and transformationgaeters to accurately capture the dynamic responses

of hydrologic systems during extreme weather conditions. The robustness of volume predictions
within the HEGHMS framework is supported, and there is a highlighted need for detailed
topographic informatin to enhance the accuracy of peak flow timing predictions. This
comprehensive understanding aids in refining hydrological models to improve flood
management and response strategies effectively.



4.6: Influence of DEM Resolution on Hydrograph Characteristics
and Peak Flow Predictions in HECHMS Simulations

i ALOS PALSAR (12.5M):

Graph for Sink "Sink-1" — (] >
File Edit View
‘ LY Sink "Sink-1" Results for Run "Run 2"
350
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300 |
250 |
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
Run:Run 2 Element:Sink-1 Result:Outflow — — — Run:Run 2 Element:R1 Result:Outflow
------ Run:Run 2 Element:B14 Result:Outflow

Fig 58 : ALOS sink

It displays sharp peaks with clear secondary peaks, highlighting the model's high sensitivity to
fine landscape details, indicating @xcellent ability to capture detailed hydrological responses,

and is ideal for complex topographic analyses.

i ASTER_GDEM(30M ) :

[E=] Graph for Sink "Sink-1" - [m] x
File Edit View
L Sink "Sink-1" Results for Run "Run 2"
a 400
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
Run:Run 2 Element:Sink-1 Result-:Outflow — —=— Run:Run 2 Element:R1 Result:Outflow

=== Run:Run 2 Element:B14 Result:Outflow

Fig59: ASTER sink

It displays a slightly smoother hydrograph compared to ALOS12, perhaps due to its coarser
resolution. It also suggests a good balance between detail and generality, suitable for broad

hydrological studies.



U GTOPO30DEM (1KM):

[ Graph for Sink "Sink-1" - a x
File Edit View
& Sink "Sink-1" Results for Run "Run 2"
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
Run:Run 2 Element:Sink-1 Result:Outflow —— = Run:Run 2 Element:R1 Result:Outflow

------ Run:Run 2 Element:B16 Result:Outflow
Fig 60: GTOPO sink

It shows a more general pattern with decreased peak definition, reflecting significant smoothing
effects due t@oarse resolution, but may not capture all subtle hydrological nuances, especially
in complex terrain.

i MERIT DEM (90M) :

[E) Graph for Sink "Sink-1" — a x
File Edit View
| [ Y Sink "Sink-1" Results for Run "Run 2"
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Legend (Compute Time: 09Apr2024, 08:40:50)
Run:Run 2 Element:Sink-1 Result:Outflow ——= Run:Run 2 Element:R1 Result:Outflow

------ Run:Run 2 Element B14 Result:Outflow
Fig 61: MERIT sink

Clear peak flows appear to indicate a balance between detail capture and hydrograph
uniformity, providing reliable and effective hydrological outputs for various environmental

and storm conditions.
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i NASA DEM (30M) :

Graph for Sink "Sink-1" — (m} x
File Edit View
I Sink "Sink-1" Results for Run "Run 2"
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Fig62 : NASA sink

Details similar to MERIT90 show the suitability of this resolution for detailed hydrological
assessments, making it highly capable of capturing detailed hydrological dynamics, and

recommended for detailed watershed analysis.

SRTM DEM (30M ) :

[E=] Graph for Sink "Sink-1" — a x
File Edit View
L3 Sink "Sink-1" Results for Run "Run 2"
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
Run:Run 2 Element:Sink-1 Result:Outflow — —— Run:Run 2 Element:R1 Result:Outflow

------ Run:Run 2 Element.B14 Result:Outflow

Fig 63 : SRTM30 sink

It shows weldefined but smoother flows than higher resolution Diabtels, striking a

balance between capturing essential hydrological features and computational efficiency.
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i SRTM DEM ( 90M):

[E] Graph for sink “Sink-1* — (m] >
File Edit View
L3 Sink "Sink-1" Results for Run "Run 2"
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Legend (Compute Time: 11Apr2024, 08:20:59)
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Fig 64 : SRTM90 sink

A similar pattern is observed for SRTM30, confirming that similar resolutions produce
comparable hydrological results, making it consistent and reliable for general hydrological

modeling.

U TanDEM-X (90M ) :

[E= Graph for sink "Sink-1"

File Edit View
[Y Sink "Sink-1" Results for Run "Run 2"
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
Run:Run 2 Element Sink-1 Result:Outflow — —— Run:Run 2 ElementR1 ResultOutflow

=== Run:Run 2 Element B14 Result: Outflow

Fig 65: TANDEM sink

It effectively captures responses to multiple storm events, similar to higher resolution DEM
models making it excellent fanodeling complex hydrological events, and providing detailed

analysis of the response.



U Comparative Analysis of Graphs:

High-resolution DEM models consistently display greater detail and variability in flow
responses, underscoring their utility in capturing complex hydrological behaviors during extreme
events. In contrast, coarse resolution smoothes out fine details biglgsroomputational

efficiency and broader generalizations suitable for e or less detailed studies.

The results of Run @nderscore the importance of choosing appropriate routing and diversion
methods that can capture complex watershed behaviors, especially under severe storm
conditions. Higher resolution provides a more precise understanding of hydrological processes,
whichis essential for accurate flood risk management and planning.

The sharper peaks and faster responses in the second round highlight a more responsive
hydrological system, which is critical for rei@ine flood prediction and emergency management.

Analysis from Run 2 clearly demonstrates that both DEM resolution and detailed hydrological
parameters play pivotal roles in modeling performance. These factors are critical to improving
flood forecast accuracy and improving resilience planning againshextweather events,

making them essential considerations in hydrological model preparation and implementation.



57.Det ai |l ed Hydrograph Anal ysi

i ALOS PALSAR (12.5M)
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Fig 66: ALOS BASIN

At the highest resolution, the DEM model of firecipitation response shows very sharp peaks,
reflecting instantaneous runoff and efficiently capturing terrain details and also shows rapid
hydrological responses, likely due to the precise definition of the watershed topography.

i ASTER G-DEM (30M):

[E=] Graph for Subbasin "B10" — (m] >
File Edit View
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Fig 67 : ASTER BASIN

Sharp runoff peaks appear, albeit slightly less intense, and fast flow responses demonstrate a
rapid link between rainfall and runoff.
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u GTOPO30 DEM (1KM):
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Fig 68: GTOPO BASIN
Higher runoff peaks are displayed afpeecipitation events, indicating better capture of detailed

channel networks due to better resolution, and peak flows occur quickly after rainfall, indicating
a faster runoff response and a more detailed representation of topography and flow paths.

U TAN DEM-X90 M :
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| L3 Subbasin "B10" Results for Run "Run 2"
=% 0.0
= 0.4+
£ d
0.8
g
@
e 1.2
1.6
5]
4
w3 f
E
z 1] r‘ ‘
= 1
w [ ‘—‘
o T T T T T T
25 1 8 15 22 29
Mar2012 | Apr2012
Legend (Compute Time: DATA CHANGED, RECOMPUTE)
—— Run:Run 2 Element:B10 Result:Precipitatio
——— Run:Run 2 Element:B10 Result:Precipitation Los:
Run:Run 2 Element:B10 Result Outflow
— — — Run:Run 2 Element:B10 Result Baseflow J

Fig 69: TAN BASIN run2

Showing the most distinct response peaks, indicating detailed capture of the terrain features
causing runoff, the hydrograph also shows fast and clear peak flows, implying rapid surface
runoff facilitated by accurate depiction of surface features.( LIKEERS



4 MERIT DEM (90M ) & SRTM (30M ):

Fig70: MERIT BASIN Fig71: SRTM 30 BASIN
Similar to the SRTM, it displaysoderate runoff peaks, indicating a broader smoothing effect on

water paths and a less detailed representation of the terrain, as the flow pattern shows delayed
responses to rainfall with less defined peaks.

U NASA DEM 30M & SRTM 90 M :

Fig 72: NASA BASIN Fig 73 SRTM 90 BASIN















