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2:50 Closing Remarks TRCA/Niagara Region
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Introduction to Climate Modeling

Sun Long-wave
radiation

Short-wave

Copyright 1982 John Wiley and Sons, Inc. Al tights reserved.
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Introduction to Climate Modeling
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energy in proportion to their importance.

Imagery of reflected short wave and emitted long wave radiation
acquired by NASA's Clouds and the Earth's
radiant Energy System, or CERES, sensors during March 2000
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Introduction to Climate Modeling

Global Carbon Emissions
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Introduction to Climate Modeling

1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

5) Emission of Longwave Radiation from
Earth's Surface

6) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow

10) Soil Water/Snow Melt

11) ShowfiCé/Water Cover

12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds

Mathematical
Equations
+

Parameterization
(e.g., topography)
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A Brief History of Climate Modeling

Growth of Climate Modeling

Upper Atmosphere
Atmospheric Chemistry

Dust/Sea Spray/Carbon Aerosols

Coupled Climate Model

\ Sulfate Aerosol
Sea lce

Atmospheric/Land Surface/Vegetation

Biogeochemical Cycles
Carbon Cycle
Ice Sheet

IPCC ), Marine Ecosystems
: | 2001 IPCC R
60s |70s |80s 90s |00s “*10s201s
11 14 24 40
GCMs GCMs GCMs  GCMs!
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Feedback
effects
(e.g., polar
vortex)

Convective
Processes
(Eg.
localized
extreme
rainfall)
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As Global Climate Models have Advanced, so has
their Spatial Resolution...

IPCC (1990) IPCC (2001) )
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Spatial Resolution Matters particularly in the Great
Lakes Basin...

Regional Climate Model Regional Climate Model
IPCC 2013 GCM
(50 x 50km) (25 x 25km)
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Climate Change Scenarios

Change in global average temperature (° C)

6 i

= Historical
5 | === RCP 8.5 - high global emission scenario

=== RCP 4.5 - moderate global emission scenario
4 | === RCP 2.6 - low global emission scenario
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Approach

(L

Obtain Data

Collect Historical Data
Future time-series for each grid cell
Quality Control & Infilling Gaps

Historical Characterization

Use baseline (1971-2000)

Spatial, seasonal, long term
temporal trend analyses

N

Future Analysis

Bias Correction
Determine anomalies

Spatial, seasonal, long term
temporal trend analyses

Toronto and Region Conservation Authority
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Historical Data Accessed for Niagara Region

for which Climate Normals have been cakulated, please download Normals Station
nvento ubmit one of the following searches:

MFORT ERIE 78.97° W

PINIAGARA FALLS NPCSH 79.05 W
EUINIAGARA FALLS 79.08 - W
I PORT COLBORNE 79.25° W
0 PORT DALHOUSIE 79.27 - W
I RIDGEVILLE 79.33° W
[AST CATHARINES A 79.17 - W

ST CATHARINES POWER GLEN 79.25 - W
E T VINELAND RITTENHOUSE 79.42 - W
[l VINELAND STATION 79.40 - W
fE T WELLAND 79.26 - W
[P HAMILTON A 79.93°W

=
Station No_Station Name ________Longitude [ atitude

42.88° N
43.13° N
43.13° N
42.88° N
43.18° N
43.04° N
43.20° N
43.12° N
43.17° N
43.18° N
42.99° N
43.17° N

Baseline Climate Data from Environment

Canada Meteorological Stations

_____

Legend

A Baseline Climate Normals Stations

0 35 7 14

W
@ Conservation
Authority

N
Kilometers A
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Extracting Future Climate Data

Horizontal subset:

Lat/lon box
B 4 B » N BOUNDING BOX (IN DECIMAL DEGREES)
. e = . n North
Downloaded daily temperature and ' ____[ess ,
.. . West -80.3 | -78.3 East
precipitation data for: 4505 ]
South

Reset to full extension

« RCP4.5and RCP 8.5
Scenarios

e Horizontal stride: |1
. Time subset:
Up untll 2080 » prep Time range Single time
16 Regional Climate Models which e i [ebrEaTTizGE
are. e Stride: [1
o Reset to full extension
» Dynamically-downscaled ——
(physics-based) models run by e single level  Vertical stride
differing boundary conditions (to e
account for uncertainties) P R T B ool B
; .1 _ Output format:
. Raw” climate model output at Format: [netcdia-dassic v

25 x 25 km grid cells

CF compliance:

1 Add 2D Lat/Lon to file
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NA-CORDEX Data

Legend

e (Climate Data Grid Centre Points

0 15 30 60 N
Kilometers ~ J\

Toronto and Region
< Conservation
Authority
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Conducting Bias Correction
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Climate Parameters

Direct Model Output (4) Inferred or Calculated (52)

» All Threshold-based Parameters
Extreme Precipitation
Growing Season
Dry Conditions
Freeze-Thaw
lce Potential

« Mean Air Temperature
« Max Air Temperature
* Min Air Temperature
 Total Precipitation
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Model Confidence Level

To assess the robustness of the future projections, the
agreement in change direction between models and the

strength of the change signal from the baseline values are
assessed

« The change direction agreement evaluates how many
models agree on the direction of change for each
parameter from baseline to future periods

 Change signal compares the magnitude of change

between baseline and future climate periods to the
variability of means between models in the future period
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Regional Climate
Projections Under RCP8.5
Scenario



Mean Annual Daily Air Temperature
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Extreme Heat Days: Daily Max Temperature > 30°C
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Tropical Nights: Daily Minimum Temp > 20 °C
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Extreme Cold Days: Daily Minimum Temp <-15°C
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Mean Seasonal Air Temperature

Temperature (°C )

30
25
20
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10

o
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mBaseline mShort-Term mLong-Term

Fall

Change
Direction
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Winter High
Spring High

Summer High
Fall High
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Mean Annual Total Precipitation

Precipitation (mm)
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Mean Seasonal Total Precipitation

Precipitation/mm
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Extreme Precipitation: 1-Day and 3-Day Maximum
Precipitation

+6%
3%
+10% Change Direction Change Signal
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II I| I| Low Low

Baseline Short-Term Long-Term Baseline Short-Term Long-Temn

150
140
130
120
110

)
—
L © o
o o o

Precipitation (mm
= M W & D~
o o o o o oo

o

1 Day Maximum 3 Day Maximum

m 10th percentile wmMean w90th percentile
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Extreme Precipitation: Daily Precipitation > 25mm
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Growing Season Length
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Annual Growing Degree Days

5500
__________________ —&— Growing (0 °C) Degree Days per year
400 T —— Canola (4 °C) Growing Degree Days per
year

E —+— Forage (5 °C) Crops Growing Degree

£ Days per year

& 3500
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v N =
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Freeze-Thaw Cycles: Daily Min Temperature Below
-1°C and Max Temperature Above 0°C

85
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65

Change Direction Change Signal
Agreement

High Medium

55

Freeze-thaw cycles per year

45

35
Baseline 2021-2050 2051-2080
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Ice Potentials: Daily Min Temperature < -2°C, Max
Temperature < 2°C, and Precipitation >1 mm
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Occurrence/Climate Period

Public Health Variables

Temperature Suitability for Malaria Parasites

2.5

1.5

0.5 .
0

Baseline Short-Term Long-Term
M P.vivax Thresold (1) ®P. vivax Thresold (2) @EP. failciparum

30 consecutive days 20 consecutive days 30 consecutive days
with Tmin>18 °Cand  with Tmin>20°C and with Tmin>20°C and
Tmax<33'C Tmax<33'C Tmax<33°C

Change Direction Change Signal

Agreement

Low Low

Number of Days /Year

N N w w w w
[e) (o) o = N w
o o o o o o

N
~
o

Daily Temperature Suitable for Ticks

Baseline

Short-Term

Daily Mean Temperature >0 °C

Change Direction Change Sig

Agreement

High

Medium

Long-Term

nal
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Comparison Between Regional and
Subregional Climate Projections Under RCP
8.5 Scenario
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Subregional Grid Cells
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Mean Annual Daily Temperature Between Regional

And Subregional Analysis

Temperature (°C)
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Mean Maximum Daily Temperature Between Regional
And Subregional Analysis

Temperature {°C)
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Mean Minimum Daily Temperature
And Subregional Analysis

Temperature (°C)

11

Niagara Region

90t Percentile
- HA°C
+1.9°C.~"
/ 10t Percentile
4.3°C
Baseline Short-Term  Long-Term

(1971-2000)  (2021-2050) (2051-2080)

North

90t Percentile

10t Percentile

_—

4.3°C
Baseline
(1971-2000)

Short-Term  Long-Term
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South
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10t Percentile

/

4.2°C
Baseline Short-Term  Long-Term
(1971-2000)  (2021-2050) (2051-2080)
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Precipitation (mm)

Mean Annual Precipitation Between Regional And
Subregional Analysis
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(1971-2000) (2021-2050) (2051-2080)
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Spatial Analysis Under RCP 8.5 Climate
Scenario
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Average Annual Daily Mean Temperature ("C)

a) 1971-2000 b) 2021-2050 ¢) 2051-2080

1 NAGARA-ONTHE-LAKE 1 NAGARAONTHELAKE

L smoamemnes | L smommanes |

LINGOLN

WEST LINCOLN WEST LINGOLN

PELHAM

WaINFLEET

FORT ERIE FORT ERIE FoRT ERIE

M High: 9.3 M High: 10.5 M High: 125

" Low:76 " Low: 105 " Low: 120
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Average Annual Daily Max Temperature (C)

a) 1971-2000 (12-13.5 °C) b) 2021-2050 (14.5 - 15.5 °C)  €) 2051-2080 (16 -17 °C)

B >o- 25 [ vos-ve [ 160- 155 1971-2000 to 2021-2050: 1 - 3.5°C increase

B 2eove [ Jweo-res [ vss-vo 1971-2000 to 2051-2080: 2.5 - 5°C increase
] 130-135 [ J1a5-15 [ 16.0-165

B 617 |




Average Annual Daily Mean Precipitation (mm)

a) 1971-2000 b) 2021-2050 c) 2051-2080

Bl :-25 [ 27-28 [ |30-31 0 33-34 [ 35-37 1971-2000: 2.4 - 2.8 mm
B 2s-26 [ 28-29 [ [31-32 [ 34-35 2021-2050: 2.9 - 3.3 mm

B 2627 [J20-20 [ a2-2 3526 2051-2080: 3.0 - 3.4 mm



A Rapid Comparison Between TRCA and Niagara
Adapts Regional Climate Projections

Data Source(s) NA-CORDEX (the North American Climatedata.ca
component of the Coordinated

al Downscaling Experiment)

Baseline Period 1971-2000 1976-2005

2021-2050 and 2051-2080 2050 and 2100 (one year only)

Climate Stations 12 Climate Stations It is unclear which stations or how many
_ contributed to St. Catharines projections

GCMs or RCMs? Ensemble of RCMs Ensemble of GCMs from CMIP5 (the Coupled
_ Model Intercomparison Project)

Number of Climate 16 climate models 24 climate models

Climate Scenarios RCP 4.5 and 8.5 RCP 8.5

=l Ol gemilelg b Eiglels Y Delta approach where delta = Statistical downscaling
difference between observed and
modelled baseline values; one delta
is produced for each model for all
climate variables

Qutput Scale ~25 km x 25 km ~10 km x 6 km

Consideration for the Part of the model selection criteria so n/a
influence of the Great all models include some
Lakes representation of the Great Lakes

(Bias Correction with Constructed Analogues
and Quantile mapping, Version 2; BCCAQv2)
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A Rapid Comparison Between TRCA and Niagara
Adapts Regional Climate Projections

TRCA (2021 2050) SCCAP
_ 10t Percentile Mean 90th Percentile Mean
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Conclusions

It can be expected that by the 2080s under RCP 8.5 Niagara
Region will be:

Warmer (~3.5°C increase)
Wetter (~10%increase)

More intense storms (~10% increase in 1-day maximum
precipitation)

Opportunities for agricultural crops to thrive (increase In
growing degree days by 10% to 20%), however, risk of
pests will be higher by ~30%
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Limitations of the Study

« There are more suitable bias correction methods for
precipitation datasets (quantile mapping)

 Baseline results are derived from modeled data

« Areal extents of the study area and number of grid cells
used have an impact on the results
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Discussion Questions

What are your impressions of the data?
How is climate data being used now?

How can climate data be integrated into future projects?

WD e

Are there additional climate parameters/products of interest?
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Thank You!

Yuestas David: Yuestas.David@trca.ca
Lubna Seal: Lubna.Seal@trca.ca

www.trca.ca
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	It can be expected that by the 2080s under RCP 8.5 Niagara 
	Region will be:

	•
	•
	•
	•
	Warmer (~3.5˚C increase)


	•
	•
	•
	Wetter (~10%increase)


	•
	•
	•
	More intense storms (~10% increase in 1
	-
	day maximum 
	precipitation)


	•
	•
	•
	Opportunities for agricultural crops to thrive (increase in 
	growing degree days by 10% to 20%), however,
	risk of 
	pests will be higher by 
	~
	30%
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	•
	•
	•
	•
	•
	There 
	are more suitable bias correction methods for 
	precipitation datasets (quantile mapping
	)


	•
	•
	•
	Baseline 
	results are derived from modeled data


	•
	•
	•
	Areal extents of the study area and number of grid cells 
	used have an impact on the results
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	What are your impressions of the data?
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	How is climate data being used now? 
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	How can climate data be integrated into future projects?
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	Are there additional climate parameters/products of interest?  
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