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Impacts of Future Climate on
Water Resources

-How do we determine these?
-Some projected changes
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Water Resources Impacts

Acceleration of the hydrological cycle

— More intense precipitation and more droughts
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Impacts of Climate Extremes:
Frequency / Intensity of Events
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Impacts of climate change on
freshwater systems...
...are due to the observed and projected
increases in
* Temperature
* Sea levelrise

* Precipitation variability



Example of water availability for
agriculture under a changing climate...



Phenomenon® and
direction of trend

Over most land
areas, warmer and
fewer cold days
and nights,
warmer and more
frequent hot days

Likelihood of future
trends based on
projections for 21st
century using
SRES scenarios

Virtually certain®

Agriculture, forestry
and ecosystems
[4.4, 5.4]

Increased yields in
colder
environments;
decreased yields in
warmer environ-
ments; increased

Examples of major projected impacts by sector

Water resources

B3.4]

Effects on water
resources relying
on snow melt;
effects on some
water supplies

Human health [B.2,
8.4]

Reduced human
mortality from
decreased cold
exposure

Industry, settlement and
society [7.4]

Reduced energy demand for
heating; increased demand for
cooling; declining air quality in
cities; reduced disruption to
transport due to snow, ice;
effects on winter tourism

and nights insect outbreaks
Warm spells/heat | Very likely Reduced yields in | Increased water Increased risk of Reduction in quality of life for
waves. Frequency warmer regions demand; water heat-related people in warm areas without
increases over due to heat stress; | quality problems, mortality, espec- appropriate housing; impacts
most land areas increased danger |e.g., algal blooms |ially for the elderly, | on the elderly, very young and
of wildfire chronically sick, paor
very young and
socially-isolated
Heavy Very likely Damage to crops; | Adverse effects on | Increased risk of Disruption of settlements,
precipitation sail erosion, quality of surface deaths, injuries commerce, transport and
events. Frequency inability to and groundwater; | and infectious, societies due to flooding;
increases over cultivate land due | contamination of respiratory and pressures on urban and rural
most areas to waterlogging of | water supply; skin diseases infrastructures; loss of
sails water scarcity may property
be relieved
Area affected by Likely Land degradation; | More widespread Increased risk of Water shortages for
drought increases lower yields/crop | water stress food and water settlements, industry and
damage and shortage; increased | societies; reduced
failure; increased risk of malnutrition; | hydropower generation
livestock deaths; increased risk of potentials; potential for
increased risk of water- and food- population migration
wildfire borne diseases
Intense tropical Likely Damage to crops; | Power ocutages Increased risk of Disruption by flood and high
cyclone activity windthrow causing disruption | deaths, injuries, winds; withdrawal of risk
increases (uprooting) of of public water water- and food- coverage in vulnerable areas
trees; damage to supply borne diseases; by private insurers, potential
coral reefs post-traumatic for population migrations, loss
stress disorders of property
Increased Likely® Salinisation of Decreased Increased risk of Costs of coastal protection
incidence of irrigation water, freshwater deaths and injuries | versus costs of land-use

extreme high sea
level (excludes
tsunamis)®

estuaries and
freshwater
systems

availability due to
saltwater intrusion

by drowning in
floods; migration-
related health
effects

relocation; potential for
movement of populations and
infrastructure; also see
tropical cyclones above




Impacts of climate change on agriculture

Lower water availability
Lower soil moisture

Shifts in water demands
Changes in ET

More variable precipitation
Increased ppt. intensities
Increased erosion rates
User conflicts?



Probability
P (x)

Coping ranges

Coping ranges for agriculture are based on:
*Socio-economic factors

elnsurance
*Farm type and management

Drought Flooding

X (e.g. moisture, temperature, stream flow, etc.)



Looking at the past and future
climate

PAST TODAY FUTURE
v

Paleoclimatic data Climate models
*Global (GCM)
‘Regional (RCM)

* both have limitations
* one Is not more reliable than the other



Scales of future climate modeling

400 km resolution

10- 45 km resolution

Climate Scenario Sectoral application

Hydrological
Model

Watershed or sub-basin




Catching a glimpse of the future...

Two types of climate models

Global Climate Models

Representation of the Earth on a 3D-Grid

FROM: Science and impacts of Clmate Change Presentation Graphics, NRCan

Resolution of
400 x 400 km

Regional Climate Models

A Regional Grid
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Resolution of 45 km
Land-Sea-Ice Mask (January)

Resolution of
45 x 45 km




Climate scenarios

“A climate scenario is a plausible representation
of the future climate that has been
constructed for explicit use in investigating the
potential impacts of anthropogenic climate
change.” (ircc, 2001)

— Link between modelers and impacts assessment
group
— Depend on emission scenarios



Hydrological models

e Used by hydrologists to simulate runoff,
stream flows, ice jams, spring runoff, etc.

 When coupled to climate models, you can get
an idea of how climate will affect water
resources dynamics in the future.

* Applications:
— Change in river discharges
— Water availability for agriculture
— Hydroelectricity generation
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Example 2.

Water availability for irrigation

Ontario Weather Network / McGill University
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Example 2.

Projected Changes in Precipitation (mm)

between base (1971-2000) and 2020 (2010-2039)
Vineland

140.0
120.0 n
0004 e N wl A1k
soo4 Wl MBIl |l ATy r——

B SDSM-CGCM1 2020s

0O SDSM-HADCM3 A2 2020s
60 . O | |0 SDSM-HADCM3 B2 2020s

40.0
20.0

0.0 . . . . .
Apr May Jun Jul Aug Sep
Months

Precipitation, mm

Doria, 2006



Example 2.

Future Precipitation Analysis for Vineland
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Special characterises of small islands

Limited physical size

Generally limited natural resources
Susceptible to natural hazards
Relatively thin water lens

Openness of small economies

General high population densities
Poorly developed infrastructure

Limited funds and human resource skills

IPCC 2001: WG2-AR3



Small Island States

...are especially vulnerable to the effects
of climate change, sea level rise and
extreme events

Deterioration of coastal zones (through
e.g. erosion of beaches and coral
bleaching)

Sea level rise will enhance storm surges,
flooding, erosion and other coastal
hazards

Reduced water resources in future, may
not meet demands (esp. during low ppt.
periods)

IPCC, 2007: WG2-AR4



Observed trends for Caribbean

* Temperature

— The percentage of dry days having very warm max
or min temperature has increased since 1950s,
while % of days with cold temperatures has
decreased.

* Precipitation

— The maximum number of consecutive dry days is
decreasing and the number of heavy rainfall
events is increasing

IPCC, 2007: WG2-AR4



Projected changes

For the Caribbean, past warming trend shows O to 0.5°C per
decade for 1971-2004.

Table 16.1. Projected increase in air temperature (“C) by region, refative

to the 19671-1990 period.

Reglion
Mediterranean
Caribbean
Indian Ocean
Northern Pacific
Southern Pacific

2010-2030
0.60to 219
0.48 to 1.06
0.51 to 0.98
04910 1.13
0.45 to 0.82

2040-2069
0.81 to 3.85
0.79 10 2.45
0.84 to 2.10
0.81 to 2.48
0.80 to 1.79

2070-2099

1.20 to 7.07
0.94 to 418
1.05 1o 3.77
1.00 to 417
0.99 to 3.11

Table 16.2. Projected change in precipitation (%) by region, relative to
the 1961-1990 period.

Reglon
Mediterranean
Caribbean
Indian Ocean
Northern Pacific
Southern Pacific

2010-2030
-35.6 to +551
-14.2 10 +13.7

-5.4t0 +6.0

-6.3t0 +9.1

-3. 910 +3.4

2040-2060
-52.6 to +38.3
-36.3 to +34.2
—6.910 +12.4
-18.2 to +21.3
—B8.231t0 +6.7

2070-2099
-61.0to +6.2
-49 310 +268.9
-9.8t0 +14.7
-2.7to +25.8
-14.0fo +14.6

IPCC, 2007: WG2-AR4



Range of future impacts and

vulnerabilities
for the Caribbean

Region* and Scenario and Changed Impacts and vulnerability
systemn at risk reference parameters
8. Caribbean (Bonaire, | SRES A1, A1Fl,| Projected rise | = Onaverage, up to 38% (+24% S0 of the total current beach could be lost with
Metherlands Antilles): | B1, AZ, B2 in sea level a 0.5 m rise in s2a level, with lower narrower beaches being the most vulnerable,
Beach emsion and sea | Fish et al. reducing turtle nesting habitat by one-third.
turtle nesting habitats | (2005)
10. Caribbean (Bonaire, | None Changes to » The beach-based tourism incustry in Barbados and the marine diving based
Barbados): Tourism LIvarra et al. marine wildlife, | ecotourism industry in Bonaire are bath negatively affected by climate change
(2005) health, through beach erosion in Barbados and coral bleaching in Bonaire.
terrestrial
featuras and

s2a conditions

Climate change will exacerbate existing vulnerabilities in sectors

IPCC, 2007: WG2-AR4




Global mean annual temperature change relative to 1980-1999 (°C)

1 2 3 4 5°C
Increased water availability in moist tropics and high latitudes e e e e - - - - - - - - - - - | (341,343
WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes == e o ol |5E5 341, 343
Hundreds of millions of people exposed to increased water Stress o o o o - - - - .- .- - - - - ‘Sr'g';'ﬁﬁs' 206.2,
Up to 30% of species at Significant’ extinctions wggm| |4.ES, 4.4.11
increasing risk of extinction around the globe
Increased coral bleaching === Most corals bleached —Yidespread coral mortality s e e e e e - -0 g‘h{‘- '.:54.'545 384641
Terrestrial biosphere tends toward a net carbon source as: 4.ES. T4 1 F4.2
ECOSYSTEMS ~158 ~40%% of ecosystems affected I=] |Fqy"
- . : . 422 441,444,
Increasing species range shifts and wildfire risk 445 446 4410
B4.5
Ecosystem changes due to weakening of the mendional w gl 11915
overturning circulation
Complex, localised negative impacts on small holders, subsistence farmers and fishers =m mm o o o - - - | |5ES5 547
Tendencies for cereal productivity Productivity of all cereals mm
. | _ _ | |5ES 542 F52
FOOD to decrease in low latitudes decreases in low latitudes
Tendencies for some cereal productivity Cereal productivity to
toincrease at mid-to high latitudes decrease in some regions 5ES 54.2 Fa2
Increased damage from floods and storms = e e e e - - —— - — - - - - = = - | |6.ES,6.5.2, 64,1,
G.42
A.lb%utl 0% nfl
gga[ﬂastal---------h—- 641
COASTS wetlands lost*
Millions more people could experience o o wm e o - - - -] | 766 68 7585
coastal flooding each year
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases == mm - %E_ESI'%?'B'?
Increased morbidity and mortality from heat waves, floods, and droughts == e mm s = e - - - - - - g:ﬁ'gﬁ"% g.%.s.
HEALTH Ta3 Fa3
Changed distribution of some disease vectors == mm mm mm me - - - - — - - - - - - E.SEE.E.E 8,47,
Substantial burden on health services == == =fm{ |55 1
1 2 3 4 5°C

Global mean annual temperature change relative to 1980-1999 (°C)

" Significant is defined here as more than 40%.

* Based on average rate of sea level rise of 4.2 rm/year from 2000 to 2080.







