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What Is Hydrology?

e Hydrology isthe water
science that 1s concerned
with the origin,
circulation, distribution
and properties of water.

There are different T e —
branches of hydrology, #

I.e., surface hydrology, %=
groundwater hydrology, =
subsurface hydrology,

efc...
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What Is surface hydrology?

o Surface hydrology Is
the branch of hydrology
dealing with surface -
water

Surface Water 1s water
that ison the Earth's =
surface, suchasina =
stream, lake, or

reservoir.
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Precipatation

- B e

Figure 9-1 Possible paths of water moving downhill: path 1 is Horton overtand
flow; path 2 is groundwater flow; path 3 is shallow subsurface stormflow; path 4
is saturation overland flow, composed of direct precipitation on the saturated
area plus infiltrated water that returns to the ground surface. The unshaded
zone indicates highly permeable topsoil, and the shaded zone represents less
permeable subsoil or rock.
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Stream flow separation

Base flow and direct runoff were 62% 38% of total

stream flow, respectively.
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Geology of Hawalii

Kneal Volcanie Shbid "‘"“' Oraben oo copSsh ST
I-

Hawauan |sland chain coa-sst of one or more shleld
volcanoes which are primarily composed of extremely
permeable, thin basaltic lava flows.
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Intermittent stream hydrology
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Natural Stream & Ditch Systems
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Figure 1. Selected streams, ditch systems, and other geographic features, island of Ozhu, Hawaii.
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Effect of Spatio-temporal
variation of Rain at the Island
and Watershed Scales
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Orographic Precipitation

WINDWARD SIDE LEEWARD 5SIDE

WARMING

\ \ \ AND

DRYIMNG
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Spatial rain-runoff variability
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EXPLANATION
=32 = LINE OF EQUAL MEAN ANNUAIL

RAINFALL. IN INCHES, INTERVAI
15 VARIABLI

LY

._..a -I.-t..: . "
C!}ASTA.L,.FLhN\.
10 MILES X—*,.v

—
10 KILOMETERS

Figure 2. Oahu’s mountainous landscape and moist trade winds cause steep rainfall gradi-
ents. (Modified from Giambelluca and others, 1386).
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Rainfall variability: monthly total
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Rainfall variability: monthly total
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Runoff variability: monthly stream discharge

Guaegare Lty P VECSO00) iy iy siabios: 1256600
Kabgla Peisl

-]

ME 2N MONTHLY D ESC HARGE
IN CURIC FEET PER SECIN D
=

ME SN MONTHLY DES CHARSE
INCUBIC FEET MR SECOND
B

EEEDE L™
MONTH  gpp

tEETEammE
MONTH

',
L

Gaging station VEEMI00

] AMLES
0 1 4KLOMETERS

Gaging statsn 1821180 - Makids

M CUBIC FEET FER SECOND

LU

MEANMINTHLY DISCHARGE

I
MONTH

Ll

[=]
=
g
-]
-]
[
=
=
=
I
=
O
=

[™
=
[
#
&
=
]
=
z
=
=
=
4

llll.....l

‘I1III'|I'

Hane ke @ b 115 ok S vy Ml
Bhdangaghy (i dscnd Ml apul s prepon
wharedarel pew ok T FF I aredl 31T, coral
ko 1/ SF, chviars, HAEE. Bl From 115

Gebagcal Sapy dhpial bevtivan awbds, |30 TH Makdnld

hamard Head \ Eahasead

Gaging staton 162100 gy dtabion TEH0RI0
m

i

234058 T RBWNN ! iang
WOMNTH MI:NTH

2

(HARGE

EXPLANATION

o

TOPGGRAPHIC DIVIDE

]

STREAM-GAGING STATION

IIN CUBIC FEET PER S ECOND
E

MESN MONTHLY DOSCHARGE

M CUEIC FEET PER SECOMD

MESN MONTHLY DI

=
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Runoff variability: instantaneous stream discharge
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Rain- Overland Flow, Makaha Strm

| e Netflow =——Poly. (Netflow)|

y = 13.038x° + 1.1038x - 0.0263
R?=0.8242
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Rainfall(in)
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Ran-Overland Flow, Hanalal Strm

® Netflow ==—Poly. (Netflow) ‘

y = 86.009x° + 210.41x + 0.6111
R? = 0.6955

Netflow(cfs)

4 MNU R
°% ‘o , %0

1.00
Rainfall(in)
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Long-Term Trends of Stream
Flow in Hawall
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Trends in Streamflow Characteristics in Hi
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STATION 16229000
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USGS stream-gaging stations in HI
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Case study: Makaha valley hydrology

Evaluation of the Effects of Alien Plant f,«;/ O'ahu
Species, Groundwater Extraction, and et = » 9

Long-term Weather Patterns on e PR ¥

Makaha Valley’'s Stream Flow
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Case study: Makaha valley hydrology

Objectives

Produce detailed vegetation maps (Miura)
Assess spatial-temporal variation of
hydrologic cycle

Calibrate and validate a watershed model

Evaluate effect(s) of changing vegetation,
weather patterns, and groundwater

pumping
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Case study: Makaha valley hydrology

Long term observed data

Dry Stream Conditions

Pre-Pumping * >  Pumping
Pre-Pumping (1959-1989
Ave Streamflow = 322 mm
Ave Rainfall = 1899 mm
Ave Dry Stream = 8 days
Pumping (1990-2003
Ave Streamflow = 181 mm
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Ave Dry Stream = 127 days
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Case study: Makaha valley hydrology

Hypotheses for
Streamflow Reduction

1. Caused by reduction in rainfall.
2. Caused by increases in evapotranspiration due to:
1. atmospheric demand.

2. changes in vegetation.

3. Caused by pumping of groundwater.
4. Caused by a combination of two or more of the
above.
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Legend
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Study Area
Monitoring Station
Rain Gage
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Case study: Makaha valley hydrology

Station Configuration

Rainfall

Rain gage/

weather station Soil moisture sensors
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Effect of rainfall spatial
distribution on surface water

and sediment
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Scenario 1 Scenario 2
PRIZM model Giambelluca, 1986
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Introduction - Objectives - Methods - RESUL TS - Conclusions

Resulting spatial distribution of runoff
Scenario 1 Scenario 2
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Multidisciplinary Approach!




Additional Readings

idrology of the
ian [slands

L. Stephen Lau and John F. bdin
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COASTAL WATERSHED MANAGEMENT

PeX-13 'l AV

Coastal wabesheds differ from others by their unique features. including proximity
%o the ocean, weather and rainfall patterns, subsurface features, and land covess.
Land uze changss and compsiing nesd: for valuabla water and land rezource: ans
aspecially more distinctive to such wabersheds.

This book coves recent research relevant to coastal wateshed:. It addrasses the

impact of & siream’z chamécal, biclogical. and sedimant pollutant: on the guality of “ S
the receiving waters, such as estuaries. bays. and near-shome wabers. The contents of f

the bock can be divided into three = : a) overview of hydrological modalling, "

&) watsr guality aszszzmart, and ¢} watershed managemant.

Thiz book differs from other hydrology books by dealing with coastal watershed:

wihich are characterized by their unique features: including weather and rainfall
patternz, subsurface characteristics. and land wze and cover. In addition %o
academia, the book should be of interest to organizations concerned with watsrshed
management, such as local and federal governments and envirenmental groups.
Owverall, the book iz expscied to zafisfy a great need toward undarstanding and
managing critical argas in many parts of the world.

Tities of refabed indenesi:

Gmundwalsr Characerization

Edited by: MLCUMHA, University of Coimbra. Partugal, LM. MUMES, University of
Algarve. Portugal ang L. RIBEIRD, Technical Linivessity of Lizkon, Portugal

1SEM: STE1-84504-134-4 2002 apx 1300p

sastainabils lirigation Manazgement, Technologiss and Posiciss 1l
Edited by- Y. VILLACAMPA ESTEVE, Universidad de Alseante, Spain, CA. BREBELA,
Weszex Instiube of Technology, UK and D PRATS RICO, Universidad de Alicanis, Spain
WIT Tranzaction: on fcology and the fnviranment, Vel 112

ISER: 378 B4504+1 180 2008 apx 150np

Rives Basin Managsment IV

Edited by: ©.A. BREEBLA, Westex institute of Technology. UK and K.L KATEIPARAKES
Arziotie Lndvemity of Thessaioniki, Onsece

WIT Tranzaction: on fcology and the fnviranment, Yol 104

ISERA: G780 BA504+0750 20T Shlpp

Wadsr Follulion IX

Edited by- O. PRATS CO. Universidad ge Alicame, Spain, C.A. EREBEIA, Wemex
InstFute of Technology. UK and ¥. WILLACAKFA ESTE Universidad de Alicante, Soain
WIT Tranzactions on fcology and the Envinanment, Vel 111

I1SBM: S78:1-84504.115«3 2008 apu s00Hp

INIWIDVNVW
AIHSYILVM TVISVOD

ISEN: 97H=1-04564.091.0

ISBN 578-1-24564-051-0
Wi Tewrss ‘
Email: witpress @ witpress.com g i} o

Wi, Wilpress. com

Editors:
Ali Fares and Aly 1. El-Kadi
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Figure 1.2: Relationship Between Impervious Cover

and Surface Runoff
Source: Federal Interagency SREWG, 2000
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What' s a Watershed?

« WATERSHED, or CATCHMENT, is atopographic
areathat isdrained by a stream, that is, the total land

area above some point on a stream or river that drains
past that point.

* Thewatersned is often used as a planning or
management unit. Natural environment unit.
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Oahu’s Watersheds
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