Do we need to understand hydrological processes in
1 Environmental Conservation?
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Habitat management

5 Ecosystem Components:
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Major Rivers of the World

ME River River Discharge Drainage Area
k. at Mouth (km?3/s) (km?)
o
=]
™ Amazon 0.180 6,150,000
i
0 Congo 0.041 3,720,000
=
g Yangtze 0.035 1,810,000
£ Ganges 0.020 1,480,000

Mississippi 0.018 3,240,000
Nile 0.0028 3,035,000

Top 10 Rivers = 0.394 km’/s

Freshwater 418,000 km?

Groundwater 0.575%
"' Rivers 0.001%
‘ _—ZAtmosphere 0.0001%
> Lakes 0.017%

Ocean Water
97.3%

el
Fresh Water
2.7%

——— Ice 2.065%
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Headwaters

River Profile

Headwaters of stream

Mountains

Mouth of stream

A Longitudinal profile (dark blue line) of a stream beginning in mountains and flowing across a plain into the sea.

Flood plain Valley wall
Channel

B Cross section of the stream at point B. C Cross section at point C. The channel is surrounded by a
The channel is at the bottom of a broad flood plain of sediment.
V-shaped valley cut into rock.



River Profile Cont’d
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Drainage Basins

Divide

Drainage Basin
9 Tributaries

Drainage Basin

—
Subsurface Flow



Drainage patterns
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Calculations to help us describe
characteristics of rivers = 7 «

Bifurcation ratio

m (from Latin furca, fork) is the separation of
a stream into two parts.

= |n mathematics, the Strahler number or
Horton—Strahler number of a mathematical
tree is a numerical measure of its
branching complexity.

m  These numbers were first applied in
hydrology by Robert E. Horton (1945) and
Arthur Newell Strahler (1952, 1957); in this
application, they are referred to as the
Strahler stream order and are used to
define stream size based on a hierarchy of
tributaries.

Drainage density

m  Complete exercises from Waugh (2002:54-
55) Handout

10



DRAINAGE DENSITY

underiain by silty clay
-high runoft potential
-high drainage density

underiain by porous material
-lower runoff potential
-lower drainage density
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12 L

IKONOS satellite image of Little Susitna River, Alaska



River Erosion
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When does geomorphic work occur?

Loramie Creek, Ohio

= A: sedmment function (x 20) ==& = C: geomorphic work —e— B: days |
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Some Physical Features of a River

Interlocking S5purs

levee
X - Flood
— plain

River channel Truncated 5purs




m Helical Flow: iInduces meander

Flow direction
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Drainage Controls

m Basin
= Small=quicker

= Shape: Circular < lag time > peak flow (Than
elongated)

= Relief; Steep quicker
m Type of precipitation
= Prolonged: infiltration replaced by runoff
» Intense storms
= Snow melt (permafrost)



Drainage Controls cont'd

m Temperature: Extremes=<runoff

m Evapotranspiration

m Rock type: Permeabillity

m Soll classification

m Drainage density

m Tides and storm surges: 1953 North Sea

m Land use
= Vegetation interception TRF 83%, Arable 9%
21 w Urbanisation: Canals, runoff, culverts etc



Case Study: Cairngorms

22

The channels of rivers draining the Cairngorms range from confined gorges to
dynamic braided systems.-Many elements of the valleys in which the rivers are
inherited: the valley itself may have been cut or adapted by the flow of ice or
meltwater and the stream itself is misfit and the valley may be choked by coarse
sediments dumped by glaciers, meltwater and the river itself. The ability of the river to
shape its own channel is thus closely constrained and some rock-cut channels have
changed little in the last 10 thousand years.

A river flowing on a floodplain draped with alluvium has the capacity to adjust its
channel geometry in response to changes in discharge and sediment supply.
Adjustment can involve

Channel slope
Flow velocity
Channel roughness
Channel shape
Channel pattern
Sediment transport

In the Cairngorms, the most dynamic channel patterns are the SEEEK)
gravel bed rivers. Rivers like the Feshie and the Dorback are overwhelmed by
sediment derived from thick sequences of fluvioglacial gravel and sand. The rivers
shift the debris around, moving it slowly down valley, but they are incapable of
clearing out the vast accumulation of accumulation and, indeed, erosion of bluffs at
the channel margins bring in more debris. This creates some-of the fastest-changing
floodplains in the British Isles, with switching of channels and movement of gravel
bars over timescales of 10-100 years.



River Profile Characteristics

m Source
Turbulence
Roughness
Friction

m Concave Profile
= Mouth
Greatest discharge and velocity

Highest hydraulic radius
Highest cross-sectional area

23



Model of Sediment Movement

LESEL
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Production
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How
sediment
moves

Clem e
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m  The solid particles are then carried to the river by watercourses. Of varying
sizes and weights, the particles move forward by successive small bounces
along the water bottom (saltation) or directly in suspension in the water.
Once introduced into a watercourse, these suspended solids drift with the
current and are deposited in places where the current is weak.

AS



Movement cont'd

«Dissolved Load

« Suspended Load

Bed Load




Flow and
Gradient

Laminar Flow Turbulent Flow

Base Level Headwaters

No Gradient Low Gradient Moderate Gradient High Gradient
Lowest Energy Low Energy Moderate Energy High Energy
Clay Sized Sand & Silt Coarse Sand Coarse Gravel

Laminar Flow Turbulent Flow




3. Models of river hydrology

'}
2. Schumn

Zone 1 Zone 2 5 Zone 3 model

| Upland Zone : Flood Plain Zone Estuarine Zone :

« Normal stream discharge

Mean channel width

: Mean channel depth

— Mean velocity

Gradient
- 2

Mouth



1,000

100
Stream _
velocity 10  Transportation <
(cm/sec) of i
sediment =
Deposition
1 [8 of
sediment
0.1 , . : |
3. Hjulstrom Clay Silt Sand Gravel

(1935) (Fine) Grain size =—p (Coarse)



All models have anomalies

m Discuss and construct a table of potential
anomalies

Bradshaw Schumn Hjulstrom

30



Sediment Classification

Sedimentation Classification

m  Wentworth’s classification (1922) is one of
the most widely used in the field of
sedimentology. It comprises four main
classes of particles:

= Gravel: particles greater than 2 mm in
diameter

m Sand: particles between 0.064 mm and 2
mm in diameter

m Silt: particles between 0.002 mm and 0.063

o o : 3 Sandy siit
mm in diameterClay:particles less than com

0.002 mm in diameter. 5 Clayey sand

m |n order to obtain a qualitative description of
texture, the results of Wentworth's
classification are used in ternary diagrams
based on Shepard’s nomenclature

3 _(lnaming)(1954).



Deposition Features:
Bars

m Landforms may also be created by deposition of sediment within the stream.

m Bars are ridge-like deposits of poorly sorted sediment found near the banks of a stream
or in the middle of the stream channel. The presence of bars indicates that at some time
in the past the discharge of the stream was higher and coarser sediment was
transported by the stream water. When the discharge decreased, the coarse sediment
was deposited, forming a ridge-like structure usually parallel to the direction of flow.
During a flood, all grain sizes of sediment might be transported down a stream that,
under normal circumstances, might only transport silt or clay. When the flood recedes
and the discharge is diminished, the coarse cobbles and boulders are deposited on the
bed. This further slows the flow of water, resulting in the deposition of finer sand and
silt among the boulders and cobbles.

o7, ol e TG M
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Bar formation

= In the diagram the evolution of a bar
Is shown. At the beginning of the
cycle

A. (A) a stream is shown with a bar
deposit along its bank, resulting
from an earlier flood.

B. Later (B), another flood occurs
eroding and transporting the
sediment in the bar downstream.

c. After the later flood recedes (C), a
new unsorted bar deposit is
formed.

33

New bars




Arncliffe Yorkshire Dales




Channel Profile and deposition

10 yr Flood Plain |
. ..

Annual Flood Plain

Characteristics of a Floodplain

Floodplain

Flood Fringe N L Flood Fringe )
Floodway

Normal Channel

Source: NFIP Guidebook, FEMA



1% chance floodplain

Flooding S =

Flaadway ’ ol elevation

[~ 100 YEAR FLOODPLAIN —4:]
FLOOD FRINGE FLOODWAY FLOOD FRINGE

Surcharge
up to 1 footf.
Flood elevation for
existing conditions

Flood elevation after complete
encroachment of flood fringe

STREAM CHANNEL

Courtesy of Kansas Department of Agriculture

Flood of Record - 2010 Flood (2.5 ft. from base)
10.2% Annual Chance Flood (2 ft. from base)

1993 Flood (0.5 ft. from base)

1% Annual Chance Flood (Base) (1996, 2008

v Normal Water Level

River Cross Section at Skunk River (below confluence with Squaw Creek)




WATER FRAMEWORK DIRECTIVE

R ive r M an ag e m e n RIVER BASIN DISTCTSIN THE UK AND IRELND

Hard and soft engineering

m Discuss

® SNIFFER 2005
LEGEND: IRBD Intemational River Basin Districts

Northern Irefand(UK) and Ireland d, Engk

ame North Western (IRBD) o me Western Wales

Neagh Bann (IRBD)

ame North Eastern

e Northumbria
der)

ame Westen e North West

Shannon (IRBD) lame. Humber

MName Easten « Anglian

30 Name South Eastern ind International Borders

ame South Western
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http://www.youtube.com/watch?v=t632Bz8AQoU

Flooding
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Student dissertations and jobs

World Sustainability Series

Dimensions of Sustainability
Philosophy: An Innovative Concept
Design for Rapid Assessment

Walter Leal Filho
J. Wakeford, C. House, T.E. Butt, P. Paul and C.D. Beal Editor

eeeeeee—————————————————————— ° [ °
Sustainabilit
This paper proposes the concept design of a novel Localised Rapid Flood

Vulnerability Index. This proposed index has been initially tested and applied to

°
a specific locale in Somerset, UK. The early analysis demonstrates that flood S e rI e S
vulnerability may be unique to an individual location, despite the flood risk

being considered the same for identical adjacent properties. Interpretation of
these findings should provide increases in understanding of the interaction
between the socio-economic and natural environmental requirements and overall
flood vulnerability at a localised level. This initial research demonstrates the
need for a rapid and cost effective flood vulnerability ssment tool at the
localised scale.

Keywords
Climate change - Socio-economic -+ Sustainability « Flood risk + Flood mapping
Flood vulnerability - GIS

@ Springer
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Cont’d

Perception Versus Skepticism—An
Environmental Communication Issue
| and Climate Change

C. House, N.L. Jordan, T.E. Butt, J. Kwan and A. Alam

Abstract
tion’ plays an influential role in policy formulation, implementation, and
Wa_lter Leal Filho s between individuals, communit and administrative
o of importance. Furthermore, perception can be good or
ive or ive, yes or no, right or wrong, belief or disbelief, or even
World se. In parallel to perceptior epticism’ is «ed to in literature and

. ofe T, ollary to understanding human interaction in environmental
SUSta|nab| I Ity ' ssociated literature and anecdotes
. collected from researchers and practitioners reveals that there is no clear
Serles definition of the remit of these two terms. At least not when it comes down to
'ch and its application in controversial topics and scenarios cropping from

1ent and climate change, which are two of the most multi-

and interdisciplinary fields in their own individual right. The purpose of the

paper is to identify and propose the definitional boundaries between perception

and skepticism in a systematic manner, and propose a conceptual model in the

&) Springer form of a schematic. Based on illustrative case studies, the paper also paves a

path for further research areas in which the conceptual model can be applied to

real-world scenarios for testing and sensitivity analysis, whereas such scenarios

40
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Environment Agency

FLOOD WARNING

| Parts of Thames at
highest recorded
levels



Hydrograph

m Discharge:
Measured
In Cubic
metres per
Sec.

INCREASED RAINFALLL AND DISCHARGE

43

Peak Rainfall

Peak Dhscharge

LAG TIME
(Time between Peak Rainfall
and Peak Discharge)

" Falling Limb

Rising Limb




Use of Hydrograph
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Explanations

Discharge rises quickly due
to rapid surface run- off and
reaches its peak just 10 hours

Run-off / discharge after peak rainfall
(cumecs)
Peak discharge

e /7N

Precipitation causes limb /‘ ", Discharge falls at a slower rate due
the discharge in the to base flow increasing. Base flow
river to rise is the normal flow of water in the
river derived from throughflow and
groundwater flow

X Ao.
Peak &
rainfall

30

Pe s = o =

Normal (base)

\%"“

o

o

50
40
30
20

1200 Mapproach 1200
Segment

Day 1 : Day 2

Precipitation (mm)
\

Base flow slowly declines as
throughflow declines

British Geographer 2019,
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Control

After urbanization

oy

i /| —— without detention o E— oy Lok e
> !\ basins 3 et e
© /| \ 5 Center of
% | \ % mas? ﬁf runoff

i 1 1) i A
S Controlled outflow A Rl ;

| ; . Streamflow |
£ f from detention basin L [ it
3 \ _—or flood-control :
= reservoir i hole
2 N e

R Time
Before urbanization

Typical lag time between rainfall and runoff

Lag time

Discharge

® ® ; - Streamflow

< | Rainfall

Time

Geobyte, 2019

Lag time between rainfall and runoff after urbanization
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Floods are expensive

48

Floods are among the most difficult natural hazards to mitigate
although they have occurred since the beginning of recorded
history.

Property damage in the U.S. from floods topped $12 billion in
1993 and is now more than $30 billion, and the number of
deaths due to flooding is the only natural hazard-related death
figure to rise on an annual basis since 1940.

UK about £1 billion annually but can be over £5 billion
(Insurance, UK, 2021)

= The flooding in 2015/16 was estimated to cost the economy £1.6 billion.
The flooding in 2019/20 was estimated to be £78 million, although it would
have cost an extra £2.1 billion without food defences (Gov.uk, 2021)

Flooding is one of the most common, widespread and
destructive natural perils, affecting approximately 250 million
people and causing USD 40 billion in losses on an annual
basis. (OECD, 2021)



Floods are dangerous

m Floods can destroy entire towns and cities. In 1931 the flood of the
Hwang Ho River, in China resulted in more than 4 million people
drowning when it suddenly overflowed its banks in a violent flood.

m The lethal nature of this flood was due to the unconfined nature of the
Hwang Ho River valley. The Hwang Ho flowed over a flat plain as it
moved toward its terminus.

m The level of the channel bed had also risen with time, resulting in a
greater sensitivity of the area to flooding. When increased discharge
caused water levels to rise, there was little to hold back the flood
waters.

The three Gorge Dam
Wuhan

L]
Yichang o

Chengdu
® L 4

Chongging e

49



Flood perception

50

Floods and Flooding Cycles. We do not think of
floods as major threats to life and limb, in part
because we experience small floods each year.

The Johnstown, Pennsylvania flood in 1889 resulted
In over 2,500 deaths. Today the risk of death due to
flooding Is somewhat lower than in 1889 because the
occurrence of flooding of river systems can be
predicted using an occurrence table, as shown next
slide.

Flood frequency, or recurrence interval can be
predicted on the basis of the discharge of the river.

Prediction saves lifes



Probability of Occurrence (each year)

90% 50% 10% 1%
400- ' ' -

Discharge (m’/s)
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1 10 20 40 60 80 100
Flood Recurrence Interval (years)



Local examples

m Erosion along the Salmonberry River (Oregan) after flooding in February
1996 and in 2016 caused the washout of part of the Port of Tillamook Bay
Railroad. Mud from landslides threatened prime steelhead trout spawning
grounds. (Governor John A. Kitzhaber Records, 2020)

m The Oregon conservation Strategy e.g. Pesticide Stewardship
Partnership Program



https://www.oregonconservationstrategy.org/key-conservation-issue/water-quality-and-quantity/

River Finn Donegal

= 9 mins
= Watch and discuss.

1. In what ways do Welsh rivers
have similar issues?

2. In what ways are rivers in
Wales different?

3. Can we learn from this

experience for rivers in Wales?
53



https://www.youtube.com/watch?app=desktop&v=mxL2PEdCmyQ

River Finn ‘Action’

24

List the themes that are covered

Consider the catchment pressures slides

What do they tell you about aquatic conservation?
Consider the RHAT survey for the River Finn

Are they are useful tool? What are their
challenges/weaknesses?

What does this document tell you about river

conservation and management?



https://storymaps.arcgis.com/stories/21410fccb8894fce818a4330b6fc4a07
https://ecofact.ie/rhat/

Flood monitoring In the UK

m 1952 Lynmouth, 2.3 metres rain in 12 hours
N

s Environment Agency (England) NRW Wales
m Insurance '
m GIS

m Lapse time

~ | CLOSED

| - o Flo:_:
_/Jﬂ = z

Read and discuss
55


https://www.youtube.com/watch?v=dbc_p23luVc
https://www.gov.uk/government/news/counting-the-costs-of-flooding

Fully forested catclhment
Well developed dwwrned estuary flood plain
Relatively stable nverb ank processes

PRE-EUROPEAN
SETTLEMENT

Wides pread clearing of forests
Establishme it of faxms

Increased sediment mnoff fom catclhment
Increased ranoff flowrs fiom catelmment

Depositon of additional sediment mnver channel and along nverb anks
Higher imestieam velocities to trans port additional sediment
More fiequernt ovemh ank flooding

LIN3W3TL3S N Y0 EN3-LS0d

Widespread dredzing to establish navization
Traming of nverb anks to control morxpholozy
Frequent boatng traffic on esthary

Riverbank EROSION due to nver morphology changes
Riverbank EROSION due toboat generated wave action



Difficulties of
spatial planning
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International Commission
for the Protection
of the Danube River

Rivers in Romania and Hungary were
hit by a spill of 100,000 m3 of toxic
mining water containing cyanide. In
Hungary, 200 tonnes of dead fish
had to be taken from the river Tisza
that empties into the Danube 2009.

Toxic sludge Hungary 2010 and 2017
By product of refining bauxite



Danube river management
I

m Read through link and report on your
allocated section
1. Raab flood 4cast
>. PLATFORM
3. SEDDON
4. Sturgeon 2020 program

60

HAVE YOUR
SAY 2021!

DRBMP & DFRMP Updates 2021


http://icpdr.org/main/activities-projects/flood-risk-management

Course of River Danube

What does this mean for
environmental management?
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River Management China

m Part 1 and 2

m Review this video

= How does it compare and contrast with the
UK experience? Why?
Problems
Solutions
Integrated management
Flip chart present
62


https://www.youtube.com/watch?v=asCjMJeCzLg

How can our urban areas deal
with future flooding?

m New York flood defences of the future

63


http://www.dailymail.co.uk/news/article-2987993/Protecting-Manhattan-Hurricane-Sandy-Stunning-plans-revealed-Dryline-10-miles-waterfront-park-disguise-crucial-flood-defences.html
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Spearman’s Rank Correlation
Coefficient

Location Distance from Ammoniacal nitrogen (NH3-N)
River Ebbw point source mg/L (milligram per litre).
Pollution event | pollution metres Ammonium from fertilisers

1 50

175
270
375
425
580
710
790
890
980

2
3
4
)
6
I
8
9

=
o




Location Distance from
River point source
Ebbw pollution metres

Pollution
event

Ammoniacal nitrogen (NH3-N)
mg/L (milligram per litre). Ammonium from
fertilisers

Difference




Answer

m > d?2=285.5
m [=-0.73

m The closer T is to +1 or -1, the stronger the likely
correlation. A perfect positive correlation is +1 and a
perfect negative correlation is -1. The T value of -0.73
suggests a fairly strong negative relationship.
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Significance

A further technique is now required to test the significance of the relationship.

1. The R value of -0.73 must be looked up on the Spearman Rank significance table below
as follows:

2. Work out the 'degrees of freedom' you need to use. This is the number of pairs in your
sample minus 2 (n-2). In the example it is 8 (10 - 2).

3. Now plot your result on the table in the next slide (YOU CAN ALSO DO THIS VIA
CRITICAL VALUE TABLE).

1. Ifitis below the line marked 5%, then it is possible your result was the product of chance and you must reject the hypothesis.
2. Ifitis above the 0.1% significance level, then we can be 99.9% confident the correlation has not occurred by chance.
If it is above 1%, but below 0.1%, you can say you are 99% confident.

4. Ifitis above 5%, but below 1%, you can say you are 95% confident (i.e. statistically there is a 5% likelihood the result occurred by
chance).

m In the example, the value 0.73 gives a significance level of slightly less than 5%. That
means that the probability of the relationship you have found being a chance event is
about 5in a 100. You are 95% certain that your hypothesis is correct. The reliability of
your sample can be stated in terms of how many researchers completing the same study
as yours would obtain the same results: 95 out of 100.
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Q.73

The significance of the Spearman’s rank correlation coeflicients and degrees of freedom
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The hypothesis
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Table D.6 Selected values of Spearman’s rank correlation coefficient (ry). The
results are significant if the calculated value of r is higher than the table value
£ ’s
n n
P =0.05 P =001 P =0.05 P=0.01
5 1.000 - 18 0.472 0.600
6 0.886 1.000 19 0.460 0.584
7 R=073  (.78¢ 0.929 20 0.447 0.570
§ —— @ 21 0.436 0.556
9 0.70(0 0.8 22 0.425 0.544
10 0.648 0.794 23 0.416 0.532
1 0.618 0.755 24 0.407 0.521
12 0.587 0.727 | 25 0.398 0.511
13 0.560 0.703 26 0.390 0.501
14 0.538 0.679 27 0.383 0.492
15 0.521 0.654 28 0.375 0.483
16 0.503 0.635 29 0.368 0.475
17 0.488 0.618 30 0.362 0.467




Answers cont'd

/1

In the example, the value 0.73 gives a significance level of slightly less than
5%. That means that the probability of the relationship you have found
being a chance event is about 5 in a 100. You are 95% certain that your
hypothesis is correct. The reliability of your sample can be stated in terms
of how many researchers completing the same study as yours would obtain
the same results: 95 out of 100.

The fact two variables correlate cannot prove anything - only further
research can actually prove that one thing affects the other.

Data reliability is related to the size of the sample. The more data you
collect, the more reliable your result.



