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Léndscabs and catchments i
Landform/topography
What is a Catchment/\Watershed

Why catchments? Why an ICM approach? e -

Why focus on hydrology — flows, connections

Hydrological cycle
Nutrients — N, C, .... and others
Management example — buffers
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Learning points

Big plcture w""“"
“Wlde eyes

Everything is connected to
everythlng else |

No such thing as a free Iunch
Many names for the Same thlng /
People make uthe dlfference
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The fundamental challenges
of managing land/water
resources

« Understanding the consequences of
resource uses distributed across land

« Understanding the consequences of
resource uses distributed over time




Landscapes and catchments

« Landscape — a heterogeneous land
area composed of a cluster of
Interacting ecosystems, repeated In
similar form throughout

e Catchment/watershed/basin — Is the
area drained by a river or stream & its
tributaries

e Generally many catchments are
Included in a landscape and a
landscape boundary may/not
correspond to boundaries of
catchments




General landscape processes
- topography/landform

Affect temp, nutrients, moisture/water (elevation,
aspect)

Affect flow of organisms (seeds, migration, energy)

Influence frequency and spatial pattern of
disturbance (fire, wind, grazing)

Constrain rate &/or frequency of geomorphic
processes that affect biotic features & processes
(landslides, rivers)




e

What I1s a catchment or watershed?

An area of land that contributes
runoff to one outlet point.

The selection of where that
outlet point is, determines the
size of the catchment

Has definable physiographic
boundaries and internal
4§ drainage networks

8 Often comprised of sub-basins,
. sub-watersheds, sub-
._ catchments




Why catchments?

What is a catchment?

Catchment and watershed are used interchangeably.

Watershed is commonly used in North America and catchment in Europe and Australasia.

The term catchment is broadly defined as the geographic delineation
of an entire water body system and the land area that drains into it.
Because of their readily identifiable houndaries, catchments provide a
functional geographic unit for coordinating management efforts.
Catchment planning and management is a cooperative and
coordinated effort by stakeholders to develop and implement a long-
term managgmentTiTan for the resources withiim T esdclynent.

the heart of catchment management lies the premiseNghat
“"everything is connected to everything else”. A catchment is a
ecosystem with a complex set of interacting natural and cultural
components. It includes all water bodies, land features, humans and
other living things. Human activities have a direct influence on the
guality and guantity of surface water, groundwater and other natural
resources in the catchment. Upstream land uses affect downstream
areas regardless of municipal boundaries and jurisdictions, ang

pacts on any one part of the catchment can have profound effefts
on HREr parts.

Catchments are used as amnm orga M principle hased on the premise
that the protection and restoration of water resources are best
addressed through integrated efforts within hydrologically defined
areas. Catchment management is a resource-centered approach
involving several steps to achieve the overall goal of maintaining and
improving environmental quality and protecting public health.
Typically, emphasis is placed on the protection and restoration of
specific water uses such as drinking water supply, aguatic hahitat,
waste assimilation and recreation.
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Why focus on hydrology?

 Flows are important for landscape ecology
* Flows of water, nutrients, energy, species, $
Water flow Is a good analogue for others

* Flow connects things

— Patches, corridors

Flow transfers things — currencies

— Nutrients, species, $
mm
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Flows - Hydrological cycle -
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Hydrological Cycle

Precipitation — P (rain

» precipitation occurs when the atmosphere is saturated {airmasses cool or moisture is added)

= small particles act as nuclei for condensation

= if particles of water and ice grow large enough that their weight overcomes the uplift forces,
then precipitation occurs

«water vapor forms cloucls
sthe vapor then coalesces into droplets too large to remain in suspension resulting in rain
{or show if temperature is below freezing)

ouit Imain | sub [prev [Next | Intearated Catchment Management



Hydrological Cycle
Evaporation - E

+ transpiration = the diffusion of water vapor from plant leaves to the atmosphere

+ transpired water originates from water taken in by roots

+ gvaporation = the movement of water from liquid state to vapor from a wet surface

+ evaporated water originates from intercepted water by vegetation cover, evaporation
from the soil surface and from water held by the soil

« difficult to separate water loss due to transpiration and evaporation; the two
processes are commonly combined and labeled evapotranspiration




Hydrological Cycle

speclal E

precipitation

:

+ a portion of precipitation never reaches the ground due to canopy interception
interception by vegetation, other natural or constructed and evaporation
surfaces

+ the amount of water intercepted is determined by the amount
of interception storage available

+ in vegetated areas, storage is a function of plant type and the
form and density of leaves, branches, and stems

*+ the intensity, duration, and frequency of precipitation also

affect levels of interception

l stemflo
‘#) interception diagram
throughfall

lthrnughfall

litter interception
and evaporation

J % intercepted per veq type

.} description

trat il
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Why are trees so good at intercepting water?

Efficient <
turbulent D
transfer of

water vapour <




« precipitation that is not intercepted or flows as surface runoff moves into the soil

« water can be stored in the upper layer or move downward through the soil profile to
the saturated layer

« gravity is the dominant force for water moving into the largest openings, such as
worm or root holes

« capillary action is the dominant force for water moving into soils with very fine pores
the size and density of pore openings determine the water's rate of entry into the soil

« porosity is the term used to describe the percentage of the total soil volume taken up
by spaces between soil particles

«when all pore spaces are filled with water, the soil is said to be saturated

= infiltration is the term used to describe the movement of water into soil pores m
infiltration rate is the amount of water that soaks into soil over a given length of time

» the maximum rate of water infiltration into the soil is known as the soil's infiltration

capacity

rainfall rainfall

A e




Hydrological Cycle

Runoit - Q

When the rate of rainfall or snowmelt
exceeds infiltration capacity, excess
water collects on the soil surface and
travels downslope as runoff.

Factors that affect runoff processes
include:

+ Climate

geology

¢ fopography
+ soil characteristics, and

+ vegetation.

| Quit :|Mainf| Sub :|Preur|mext! Integrated Catchment Management



Hydrograph

1.0

Daily discharge
lcumecs}
o
w
|

Annual hygdrograph for the Catchwater Drain, Nofth Humberside, 1967.
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Storm hydrograph
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Figure 153 A stream hydrograph showing the hydrograph separation method of Hewlett and Hibbert (1967)




Hydrological cycle

Over a long time period p— P — Q




Rainfall
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field forest/wood sand, meadow  water,
gravel wetland
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Nitrogen
Carbon
Phosphorous
Faecal bacteria
Sediment
Temperature
Dissolved oxygen
Toxic metals
Ph

At end of ppt
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Nutrient flows — Nitrogen cycle

N - essential for all plants & animals to make protein.
Atmospheric form most common (N, - 79% of air)

Photosynthesis and soil bacteria metabolism natural

process of ‘N’ assimilation as Ammonia (NH,*), Nitrates
(NO;"), Nitrites (NO5) .
Nitrogen in air can’t be used —needs to be fixed to make 5=
it into a usable form eg roots of plants (legumes)
Nitrate very soluble and easily lost from solil by leaching g

Denitrification reduces nitrate to N2 or N,O—gas -:::

A

\.'l-.aq,..



Bt to coll W] ass from soil

The Nitrogen Cycle

Industrial fization
(cammercial fertilizers)

Atmospheric
fixation
and deposition

Crop
narest

Animal
MarnLures
and biosaolids

Yolatilization

Biological
fixation oy _
lequme plants Plant
uptake

Crenitrification

Leaching
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Water Quality — Nitrogen

too much of a good thing?

7\

Natural levels: less than 1mg/L
Main source of nitrates added by humans: wastewater + fert
— Wastewater effluent: up to 30mg/L

Fertilizers and runoff from agricultural operations — excessive
fertilizer use, high leaching properties of ammonia nitrogen,

N\

especially in heavily irrigated areas with sandy soils.

Inadequately treated wastewater from sewage treatment
plants/poorly functioning septic systems.

RESULT: Part of watershed can become “eutrophic”

— Increased aquatic plant growth causes hypoxia (reduced DO
levels)
— Flora/Fauna community structure changes

http://www.esa.orqg/science/lssues/FileEnglish/issuel.pdf
Lots written on this subject



http://www.esa.org/science/Issues/FileEnglish/issue1.pdf

Denitrification

MNutrient interception

Buffer vs. No
Buffer

Primary Nutrient
Pathways

o Denitrification transforms NO; to a gaseous form
(N:) releasing it to the atmosphere.

o Denitrification rates are partially a function of the
amount of organic carbon. The more organic
carbon available the higher the rate of
denitrification.

o The extensive roots of trees provide more biomass
and hence carbon for denitrification than annual
crops. Tree root exudate and leaf litter are also a
significant source of organic carbon.
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Drainage through tiled
Drainage through riparian buffer agricultural field

" Surface Runoff " Subsurface Flow @ Denitrification




' C key bundlng blok In I||ng ceIIs

Captured by plant from CO, via photosynthesis
Decomposition Is critical link in‘nutrient cycling

Changes to C cycle can affect other nutrient
cycles eg N cycle

The carbon cycle is a closed system — fixed
amount in the world.




Nutrient flows — carbon cycle

Mumbers are bilions of tons of carban [GtL]
fossil-fuel  lamd wse photosynihesis
burning 0.6-2.6 100-120
Plant respiration
40-50

5.4
[ / /M decay of residues
50.60
II'. '
I 2 L

gas exchange
100-115

Emitted or
released

IAbsorbe
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Climate change challenge

Key factors

Evidence of Climate Change
‘Well documented trends

Greater climatic extremes (more floods, more droughts)

Global temperature increases (clear evidence in the northern hemisphere)

Glaciers are melting at a faster rate than expers predicted

Sea-levels are increasing

[

No clear trends and in-su_ﬁir;ignt-in'fﬂrm'g_ttinn on:

Precipitation, moisture distribution, evaporation, and stream runoff
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Trends in Climate Change

@ Global Temperature ¢ Canadian Example ¢ Daily Minimum Temp.
Click on pictures

Global &} Events & Temperature Variation 1000 - 2000 {Northern Hemisphere

Regional Seasonal
Trends Effects
1 I I | I 1 1 | I 1 1 | 1 1 1 | I 1 1 |
Temperature ! ]
- i MORTHERM HEMISPHERE -
- i L a5
Precipitation JPrecipitation e E . f ]
23 [(Lub -
. £ 5 I
=z .
= o ]
&7 _05 [ B
2£ ]
-
0= i -
-1.0 -
B Cata from thermometers (red) and from tree rings, |
B corals, ice cares and histoncal records (blue). ]
] ] ] | | ] ] | ] ] ] | ] ] ] | ] ] ] |
1000 1200 1400 1600 1800 2000

Year
Source: IPCC 2002
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Climate change in New Zealand
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| o *Managlng the environment requwes a broad

e L mult| d|s0|plmary approach 4 '?"“._mf;_,
Everyihlng is connected to everythmg else |

* *'Push*ﬁe’re and somethlng happens over there

“Chmufaﬂtlve effects

. 1; Eﬁ\nmnmental health & our health

| WE canv$‘tuff*|t up. or WE can help put it right
| g buffers example commg up
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Land Use Impacts on Water

I Urhan ﬂgriculture| Forestry | Mining

Urban infrastructure Urban activities

transportation, impervious surfaces, traffic, industrial, residential, recreation
sewagle and drainage systems

Solid
Waste

Stormwater Industrial

Discharge

omestic Accidental )
astewater ‘ Spills A Atmlospr:enc
hpu
SN -

Toxic
Chemicals

Sediment
FProblems

Erosion &
Flooding

Endocrine
Disrupters

Excess Nutrients Acidification

Eutrophication

Streamflow
Modifications

Impact on Hydrology .

Quit [|Main || Sub ||Prev [Next Land & river management

Impact on water quality

Impact on aquatic biota
and human health




Management example - buffers

Threats to healthy waterways

WATER QUANTITY IMPACTS

Climate
CONTAMINANTS

Acidification MNutrients

Natural Urban
Sources Runoff

AL ezl Agricultural Forestry Endocrine

Land Use Land Use Disrupters

SOURCES

Municipal Industrial
Wastewater Discharges

Landfills
& Waste Disposal Persistent Organic
Pollutants

Pathogens

Genetically

Modified Organisms -
Pesticides

Trends

Source: Environment Canada, 2001

Quit (|Main || Sub ||Prev Healthy waterways




Buffers - one tool In the toolbox

Buffer design
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.w.mw*
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Width

Green boxes represent the range of buffer widths, which studies _
have shown to maintain each of the associated buffer functions. click to show

functions
Blarge woody debris recruit . ] ¢
5 floodplain proces !
! - : Instream
bank stability 5 | processes

stormwater control /

Water
quality

Aquatic &
riparian
habitat

Other |

] ] ] ] Y 1
0 10 20 30 40 50 60 70 80 90 100 200
T T buffer width {meters from stream)

Common Standards
North American New Zealand — no real standards

Quit [|Main|| Sub |[|Prev |Next Wetlands & riparian



Width

Green boxes represent the range of buffer widths, which studies

have shown to maintain each of the associated buffer functions. E'ﬁ‘;giit‘lgw

Instream
processes

sediment removal

coliform reduction i Ly
temperature moderatio i i

Aguatic &
riparian
hahitat

Other |

| | | : : : : : : S ——
0O 10 20 30 40 50 60 70 80 90 100 200

} T buffer width {meters from stream)

Common Standards
North American New Zealand — no real standards

uit [Main|| sub |[prev|vext]  \yetlands & riparian




Width

Green boxes represent the range of buffer widths, which studies

have shown to maintain each of the associated buffer functions. E'E‘;L‘;iﬁzgw

Instream
processes

Water
quality

insect | Aquatic &
: : : : ; riparian
. moderation of microclimate : habitat
wildlife diversity and distribution

Other |

I ! ! ! I I I I .‘."I 1
0 10 20 30 40 50 60 70 80 90 100 200

T T buffer width (meters from stream)

Common Standards
North American New Zealand — no real standards
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Width

reen boxes represent the range of buffer widths, which studies

have shown to maintain each of the associated buffer functions. “'E‘:}L‘:iizgw
Instream
prucesses
Water
gquality
Aquatic &
riparian
hahitat
mitigation of harvesting -
] ] ] ] ] ] ] ] | ] —
I I I I I

] ] ] T ] Y 1
0 10 20 30 40 50 60 70 80 a0 100 200

T T buffer width {(meters from stream)
Common Standards
North American New Zealand — no real standards

Sub ||Prev |[Next
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Riparian buffers

Riparian buffers

areas of trees, shrubs andfor grass adjacent to streams, ponds, lakes and wetlands
that provide multiple functions, from intercepting nutrients to providing wildlife habitat

¢ Reduce sediment, organic material, nutrient =~ ¢ Reduce area available for cropland
and pesticide loads in surface runoff

: ¢ Trees shade adjacent crops
¢ Reduce excess nutrients and

pollutants that may seep into o Falling branches and leaves can
shallow groundwater flow damage adjacent crops

2 Provide food and habitat for

terrestrial and aquatic wildlife ¢ May harbour pests

@ Contribute structural and forest filter
nutritional material to the stream strip

o Reduce the quantity of stormwater
cropland

o Moderate stream temperature
grass filter

¢ Stabilize stream banks
¢ Provide recreational and educational areas

Quit ||Main || Sub ||Prev ||Next Wetlands & riparian



Connectedness

good connectivity

41

2 Connectivity and dimensions of the riparian buffer zone are
important in designing effective buffer zones.

o Structural characteristics have a significant impact on corridor
functions.

o Width, length, and connectivity of existing or potential buffer
zone vegetation, for example, are critical to habitat functions
' within the corridor and adjacent ecosystems.

Y

< 200 meter > How wide and how long should the buffer zone be?
What if there are gaps in the buffer zone?

N
?
t ¢ .‘
. . forest
highly fragmentated N\ ! . non-forest [~ design considerations

,L

"

Quit |Main || Sub ||Prev ||Next Wetlands & riparian



Design considerations for buffer width

o minimum width necessary to obtain desired functions

o amount and type of human activity allowed

o desired vegetative type, density and composition

o protection from adjacent high-intensity land uses

o eXxpansion of the buffer to protect adjacent wetlands, flood plains, erodible
soils or other sensitive land features

o water bodies to provide with buffers (size, class, and type of water body)

o yariances allowed from buffer requirements

o allowances for reduced buffer widths in exchange for other amenities

o allowances for buffer averaging

o gite conditions: buffer slope, vegetation, soils and other features

o hature of stormwater flow from adjacent land uses. (sheet flow desired)

o ¢ost versus benefits: land put into a buffer is land lost to crop production - the
costs of various width requirements should be carefully weighed against the
anticipated benefits including the cost of administering and maintaining the
buffer program

W design considerations

Quit ||Main || Sub ||Prev |Next Wetlands & riparian



“I life, you grab. ... Vvas that concept
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Water Quality - Phosphorus

Essential nutrient for
growth/metabolic reactions
of plants and animals

Common aquatic form -
phosphate (PO4-P).
Typically limit availability
Artificially introduced
through detergents, human,

animal & industrial wastes,
fertilizers

Rapidly absorbed by algae
and aquatic plants.

Small increase can have
big effects

— Algae blooms
— Low DO
— Fish death

Excess phosphorus causes
extensive algal growth
called "blooms." - cultural
eutrophication- human-
caused enrichment of water
with nutrients (usually
phosphorus

Primary cause of most
eutrophication today.

Shallow lakes and
Impounded river reaches,
where the water is shallow
and slow-moving, are the
most vulnerable to cultural
eutrophication
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Water Quality - Temperature

The main concerns with water 25
temperature are the effects of high —— Mopko@Chatos
temperatures on aguatic life. 20 A — Motueka@Gorge
E —— Graham River
Some species will only tolerate relatively e °]
cool water and may hecome stressed or E
die if temperatures become too high. E .
Trout will cease feeding once B
temperatures climb above 19°C and they J . . - _
will begin to die once temperatures climb Mar  Apr  May Jun Ju  Aug Sep Oct Nov Dec Jan Feb
above 25°C for a sustained period. Trout Manth

Yearly changes in water temperature at three contrasting
sites in the Motueka River catchment. Temperature
recorded every hour March 2001 to February 2002,

cannot tolerate temperatures ahove 30°C
for even a short period.

Thermal Pollution
* Increases in photosynthesis and plant growth
leads to:

« Additional plants which eventually die and are decomposed by oxygen-
consuming bacteria.

which leads to:

* Increased need for oxygen in the water (biochemical oxygen demand)
which reduces oxygen available for other species.

which leads to:
e warm-water organisms begin to replace cool-water species



Water Quality - Dissolved Oxygen

Essential for the
maintenance of healthy
streams and rivers.

High DO considered an
Indicator of healthy, stable
ecosystems.

Primary comes from the
atmosphere through
physical mixing at the air—
surface water interface.
Algae and rooted aquatic
plants also release oxygen
Into streams and lakes
through photosynthesis

Physical influences, such as
volume of discharge and water
temperature, directly affect
oxygen concentration.

DO levels rise with increased
mixing rates as well as with
decreasing temperature.

Main factor contributing to
significant changes is the build-up
of organic wastes from sewage
discharges, urban and agricultural
runoff, and other industrial
sources.

Fertilizer residue in urban and
agricultural runoff stimulates the
growth of algae and other aquatic
plants.
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Dissolved Oxygen cont.

* As plants die, aerobic bacteria
consume oxygen as process of
decomposition.

» Depletions in DO causes major
shifts in the kinds of aquatic
organisms found in water bodies.

 Low DO tolerant organisms begin to
dominate

* Algae and anaerobic organisms
might also become abundant in
waters with low levels of DO.

Biochemical Oxygen Demand (BOD)

« BOD - measure of the quantity of
oxygen used by macro-
invertebrates and bacteria in the
aerobic oxidation of organic matter
In streams.

Increasing BOD levels, associated
with increases in aerobic bacteria
results in increased consumption of
DO & little DO is then available for
other aquatic organisms.

S

Human activities that increase BOD: /

Point sources contaminants are
industrial/manufacturing
discharges, food-processing
industries, and wastewater
treatment plants.

Nonpoint sources include urban
runoff that carries animal wastes
from streets and sidewalks,
nutrients from lawn fertilizers,
leaves, grass clippings from
residential areas.




Turbidity - measure of the
relative clarity of water.

The result of suspended solids
in water that reduce the
transmission of light.

The nature of total suspended
solids (TSS) varies, depending
upon the source of the material
— erosion, urban stormwater
runoff, industrial waste,sewage.

Higher levels of turbidity =

Decreased diversity of aquatic
organisms.

Higher temperatures as TSS
absorb heat from sunlight.

Decreases in Photosynthesis as
less light penetrates the water,

Decreases in oxygen content.

Water Quality - Turbidity & TSS

Combination of warmer water,
less light, and oxygen depletion
makes it impossible for some
forms of aquatic life to survive.

TSS can clog fish gills, reduce
growth rates, decrease
resistance to disease, and
prevent egg and larvae
development.

Particles of silt, clay, and
organic materials can settle on
bottom, especially in slower-
moving rivers and streams and
smother the eggs of fish and
aquatic insects/suffocate newly
hatched larvae.




Water Quality - Fecal Coliform

Bacteria found in the faeces of humans and other
warm-blooded animals.

Enter rivers through direct discharge of
agricultural and storm runoff carrying animal
waste, and from human sewage discharged into
the water.

Faecal coliform bacteria by themselves are not
pathogenic.

Pathogenic organisms that cause diseases and
IliInesses — bacteria, viruses and parasites - are
found attached to/along with faecal coliform
bacteria.
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