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Ecohydrology is a sub-discipline shared by ecological and
hydrological sciences that is concerned with the effects of

ﬂi Ecohydrology

B' hydrological processes on the distribution, structure and
v function of ecosystems, and on the effect of biological
g processes on the elements of the water cycle. It quantifies

and explains the relationships between hydrological
processes and biotic dynamics at a catchment scale.
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Ecohydrological Processes
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Ecohydrological Processes

Catchment - Hydrological pattern — River ecosystem

Catchment
Geology  Hydrological cycle  Climate
Vegetation Meteorology
Q .
Land use + Runoff production X Hydrological pattern
« Sediment production Floods

Runoff
Sediment

transport
« In-stream flow conditions Solute
« Riparian zone processes  concentration
» Flood plain inundation Jan 5
» Surface water-groundwater interaction
* River bed morphology

- Levelof inundation

< | Mean runoff

Low flow
E Time

River ecosystem
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Key Principles of Ecohydrology

DUAL REGULATION

REGULATION

HYDROLOGY

HARMONIZATION INTEGRATION
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I Ecosystems and their Services
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Water Resources-Ecosystem Services-Society

Beneficiaries
(e.g. communities, irrigators, fishers, tourists, etc.)

1
-

Benefits

(e.g. clean water, water for industry, protection from hazards,
etc)

Ecosystem Services
(e.g. water purification services, flood mitigation, erosion
control,)

Increasing amount of scientific input

Processes (Water regime + Ecosystem)
(e.g. water & nutrient cycling, ecological interaction, etc.)

Adapted from Plant et al, 2012
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Flow Regime - Ecological Integrity

Velocity

Frequency
Run off

Nutrients Flow Evaporation
Temperature Ground Water
D.O. Flow Duration
pH Ram Intensity
Turbadary
Organics
Toxics

ty

Regime

Canopy
Siltation
Ecosystem Gradient
Integrity Substrate
Current
Instream Cover
Suuosity
Width/ Depth
Channel
Reproduction EllEl’g}’ Sunlight ?\Iolﬂzolog}' soils
Feeding Nutrients | Swability
Predation Sources Seasonal Cycles REipanan Vegetation
Organic Matter

1&2 Production Coffman. 2002

iversli

Biotic
Factors

Dasease

Competition

1 Fetain flood magnitude, to scour channel and vegetation,
recharge river banks and floodplains

2 Maintain baseflow and thus aguatic habritat in dry season
3 Retain spring flushing flow as cue to life cycles

4 Vary baseflow in wet seascn. but with removal of some
floods
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Flood Hazard-Ecosystem Degradation

40% evapotranspiration
.

38% evapotranspiration
V9

" 10%

" 20%
runoff

runoff

25% shallow ; 21% shallow
infiltration - infiltration .
25% deep 21% deep
infiltration infiltration

Natural Ground Cover 10%-20% Impervious Surface

30% evapotranspiration
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. Floods
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infiltration ‘ infiltration "
15% deep 5% deep
infiltration infiltration

35%-50% Impervious Surface 75%-100% Impervious Surface

Sowce: Mileorium Ecosystem Assessment




AAIT Environmental Hydrology

=

Hydrology plays a fundamental role in
environmental planning, management
and restoration

Environmental hydrology uses collection
of hydrologic concepts that apply to
solution of environmental problems

Addis Ababa University
Institute of Technology (AAIT)
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AAIT Environmental Flow

I
J| Water that is allocated for maintaining aquatic habitats and
ecological processes in a desirable state is referred to as instream

>

"&; flow requirement, Environmental flow or environmental water
—

O demand

= * Hydrological Methods for determination of EFs:

O Tennant method: linking average annual flow to different
categories of instream habitat condition

O Use of design low-flow range: Flow duration curve ranging
between 70% and 99% with Q90% and Q95% widely used

0 7Q10 method- 7-day low-flow event over a 10-year return
period: if water quality is a primary concern

Addis Ababa Un
Institute of Technology (AAIT)

O Range of hydrologic variability (RVA)- developed for situations
when the conservation of native biota and ecosystem integrity

2 are the prime objectives in sustaining riverine ecosystems,
Y "
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AA'TM Water Pollution and Control

engineering €
controls
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[ Public health
e Desirable and ecological
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AL Sources of water pollution

POINT SOURCES NONPOINT SOURCES

microorganisms

e,
=
> < , .
o < Power plants: Agricultural runoff
‘N Heated water _ -
- S Sediments, fertilizers,
Q (oY) Feedlots pesticides, organics,
,2 2 Organics, solids, [ 7 [ microorganisms
o= (@) nutrients, Mining
> C microorganisms Water body _ _
S N - Suspended solids, acid-
o9 Industries mine drainage
G Q Organics, chemicals, | | -
0 - color and foam, salts, Urban runoff
G i
< o) toxins, heated water Litter, sediments,
n Municipalities organics, nitrogen,
0 m
x - Domestic wastewater: phosphorus, heavy
© 3 Microorganisms, metals, petroleum
< e nitrogen, phosphorus substances,
(7]
c
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Climate Change and Water Resources

Changes in the Atmosphere: Changes in the Climate
Composition, Circulation Hydrological Cycle Sy stem
Changes in
Solar Inputs
Clouds
Atmosphere "
R A
A I A P
y Al { 3 ¢ &g
0, /
HD CD CH‘, HID Cl il ‘Jul:ampﬁctwity ; I.- " ;f
Aerosols , . \\ Atmosphere-Biosphere
Atmosphere= ' Interaction
lee Precipitation
Interaction Evaporation |
Terrestrial ,--*H"f
Heat  Wind Radiation 4yman Influences “lce Sheet
Exchange Stress
J -Eiusphere
Sealca_=

lee=Ocean Coupling

Hydrosphere:

Changes in the Cryosphere:
Snow, Frozen Ground, Sea lce, lce Sheets, Glaciers

Hydrasphere:
Rivers & Lakes =

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Changes infon the Land Surface:
: Orography, Land Use, Vegetation, Ecosystems

8
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AAIT|  (limate Variability & Climate Change

Climate
change

Long term:
multi-decadal
to century
trends

Climate
variability

E -
Short term: (years) Reference period

rises and falls about
the trend line
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Drivers and Impacts of Climate Change

Anthropogeni
factors
Greenhouse gases
(CO2, CH4, N20,

CRCs

Climate
Change

Impacts
Drought, Flooding,
Heat waves,
Decrease in
Agricultural
productivit
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Radioactive Forcing

Definition: A change in the net radiation at the top of the
atmosphere due to some external factor.

Radiative forcing relative to 1750 (W m—=2)
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com pound drivers confidence
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Climate Scenarios & Modelling

Historical
Observations

Climate Validation
Baseline

Calibration
Validation




Scenarios-SRES

Emissions scenarios
Socio-economic scenarios e R o
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Wayne, 2013
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AAIT | SRES vs. RCPs
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Global Circulation Models (AOGCMs)

3.75° long

levels in
/ atmosphere
/" 39 km deep

20 levels
in ocean

HadCM3
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Climate Downscaling

Climate Maodel

Grid Scale
A GCM
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AAiT Projections of Temperature and Precipitation-
CMIP5 multi-model mean results

(a) .0 Global average surface temperature change

Mean over
2081-2100
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AAIT Potential Impacts of CC on the
Hydrologic Cycle/process
. ==

Surface temperaturq Evaporation

l

Water holding capacity

Atmospheric moisture

/\T

Enhanced Greenhouse  Rain intensity

Rain frequency ?
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AAIT Water Resource Impacts

H]Most likely:
= Global precipitation T~ 1- 2% per 1°C

" Snow season shorter— earlier peak flow

= Glacial wastage - summer flow " near-
term, but | long-term

= Sea level rise - saltwater intrusion, coastal
flooding

Addis Ababa University

" |ntense precipitation - water quality
Impacts
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limate Change in Ethiopia

(CRGE Vision, 2010 )

e,

.I: Period Temperature Rainfall Extremes
-3 < ) -
= < o +1.3°C(1960-2006) No trend  but Regular severe
N Historical More hot days and hichlv variable floods and
QhJ b.>.0 nights gnty droughts
2 (@) Greater increases
c 3 in rainfall in
> c +0.4% increase in October to

(o] _ (o] :

© 'S 2020s +1.2°C (0.7-2.3°C) cainfall December
".% Q especially in the
0 - south and east

T . :
< o Heavier rainfall
(7,) o : . events, uncertain
= Y 2050s +2.2°C (1.4-2.9°C) :almlfg"” NCFESSE 1N £ Nino behaviors
L®) B bring large
< e uncertainties

n Flood and

E droughts likely to

2090s +3.3°C (1.5-5.1°C) Wetter conditions increase, heat

waves and higher
evaporation




AAIT Remote Sensing in Hydrology

= e Remote sensing is the process of inferring surface
- & parameters from measurements of the upwelling
= f_[_ electromagnetic radiation from the land surface.
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Common types of Remote Sensing’ s Data Source

= Active system s Passive system

Py * Radar » Aerial photo
-4 * Lidar e Satellite image
CI>J e Sonar
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AAIT RS Applications

JBE42 TEMM and cthers combined 3—hour accumulated surface roinflclll

b Bl e B e S XV
s - A .:.'; ...... g b e s g LR sl SEETITIn
: T 2l y p :.I'_' - .‘E" - f-...“\

Estimates

(from =20

T
w

microwave/infrared GQ{: ;
Measurements) ﬁ """"""" -

L and cover of
a basin




nmental Engineering

sd“
oS .

Height Differenc

RS Applications

DEM from SRTM

(can be used for
watershed delineation)

ater level by
Fa
dar Altimetry x‘\/ \p \’\f

T
ALT 169585 BE79 63E —

f\ﬁj\\ I

i

f* M\[ Level sampled by ERS 2

1995

1995 199? 1993 1999 Eaaa eaai eaae eaaa Zons
Date fyears)




=y
L . ™ “
2K
- »
e
Y
-
g N ~

Flooded area




AAIT Isotope Hydrology

 |sotopes are atoms of the same element that have different
numbers of neutrons; they can be stable or radioactive

Sample Reference
stands for the isotope ratio (

2H/1H and 180/160) in the
sample and the reference
Continent material (ocean), respectively

p—
=
2 3
fd
e~ e |sotopes in hydrology give a direct insight into the movement and
7
= D distribution of processes within the hydrological system
U oo
2 O
c 3 e Partitioning of isotopes is governed by the principle that lighter
- C isotopes, or those with a lower molecular weight, will be favored
(C -S in evaporation processes and biological uptake, leaving the source
-t'QB ﬁ material "heavier," or with the heavier isotope more abundant
o)
e
< -
m o 99 — - 129 Precipitation .3“0._ — Precipitation a“ 7%
- Q E’H:-:rm ‘TVFKWH 5 H;anz% P bH;a tozm RE .
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Isotopes Commonly used in Hydrology

- Environmental Stable Isotopes
> & Isotope | Ratio %natural | Reference (ppm) Commonly Application in
— < abundance measured phases hydrology
ﬂ > H ‘H/'H 0.015 VSMOW (155) H,0,CH, Origin of water
Q 13C BCC 1.1 VPDB CO., Carbonates Carbonates source,
eTo) 2
,2 @) Groundwater Dating
g (@] BN BN/AN - 10.366 Air N2 (3677) N,, NH,NO,, Source of pollution
E &0 0/%0  10.204 VSMOW (2005) H,0,C0,, 50,7 NO, | Origin of water
g 8 H9 #§/#ES 0 |4.21 CDT SOd'f,Squhides, H.S Origin of salinity, Redox
S = condition of aquifer
-2 (T (] ICaad |24.23 SMOC (0.324) Saline waters Source of pollution
- o 87Sr ¥7Sr/ %Sr 1 07.00 USGS Tridacna, Solution Provenance of water
;3 3 "B 11B/°B 80.1 NISTRM 951  —[ Solution Source of pollution
= (Sodium borate)
< =
e
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Isotopes Commonly used in Hydrology

Environmental Radioisotopes

Isotope Half life (years) | Type |Energy(MeV) |Applications in hydrology
Tritium (H) 12.3 p 0.019 Young groundwater dating
Carbon (") 5730 p 0.156 Old groundwater dating
Chlorine-36 (3°Cl) 3.1x10° p 0.714 Very old groundwater dating
*Cesium-137 (¥7Cs) |30 ¥ 0.661 Sediment dating

Artificial Radioisotopes

Isotope Half life Chemical form | Applications in hydrology

Tritium (*H) 1243y HTO Groundwater recharge rate and flow direction
Cobalt-60(°°Co) 5.3y K,[Co(CN) ] Groundwater recharge rate

Bromine-82(%?Br) 36 h NH,Br Groundwater velocity, effluent dispersion
Gold-198("**Au) 2.7d HAuC, Seepage entry and exit points in dams




AAIT Applications of Isotopes in Hydrology

= Determination of the origin of water masses and the
conditions during formation

—
=
> < Sl |
= = |dentification and separation of water components
v ; =  Determination of groundwater recharge areas, flow paths,
CI>J bo mixing
' 2 = Determination of the origin of contaminant
S g =  Reconstruction of recharge temperatures for palaeoclimate
© £ studies
Q g
g — e Determination of the residence time of water in the
(T
< o system ("water age")
2 o e Calculation of flow velocities, assessing mixing and
T B dispersion
- S
< E e Determination of water fluxes, recharge rates, and exchange
7)) rates
c

e  Study of transport and degradation of contaminants

o



AAIT| Hydrologic Information System

A >

ﬁ Analysis, Modeling,
Decision Making
L

— i |
Time series data

Arc Hyaro
Geodatabase Geospatial data

A synthesis of geospatial and temporal data supporting hydrologic
analysis & modeling
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