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Why is Ontario-specific high resolution regional
climate modelling needed?

What Ontario-specific climate data is currently
available?

Why are they unique?
Examples of where they have been used

Live Demonstration of the Ontario Climate Data
Portal (OCDP).



http://yorku.ca/ocdp

Why Is Ontario-Specific Climate Data Needed?

e Ontario’s climate is unique and is changing over time.
e Adaptation occurs at the community level which requires local scale information.

e Ontario-specific climate data are critical to our understanding of the potential
impacts of climate change in the province.
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Spatial Variation in Climate Change at Regional/Local Scale
Driven by Local Geophysical Features
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Climate Models

* Developed based on current understanding of the climate system
* Used to further understand the past, current and future climate
* Global Climate Models (GCMs) vs. Regional Climate Models (RCMs)

Evolution of Global Climate Models

Upper Atmosphere
Atmospheric Chemistry

Dust/Sea Spray/Carbon Aerosols

: Interactive Vegetation
Atmospheric/Land Surface/Vegetation Coupled Climate Model
Sulfate Aerosol
Ocean Sea Ice
Biogeochemical Cycles
Carbon Cycle

Ice Sheet

Marine Ecosystems

https://news.ucar.edu/sites/default/files/news/2011/predictFlow?2.jpg
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Impact of the Great Lakes on Local Climate (1)

Locally Formed Severe Weather Systems in Summer
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Impact of the Great Lakes on Local Climate (2)

Locally Formed Severe Weather Systems in Cool Seasons

'LAKE EFFECT SNOW FORMATION
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Need for High Resolution Regional Climate Modelling (1)
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http://precis.metoffice.com/docs/PRECIS_Handbook.pdf

Need for High Resolution Regional Climate Modelling (2)
Resolution of Local Climate Processes

Climate modelling
projects

Typical Global Climate Model Grids High Resolution Regional Climate
(100’s km) Model Grids (10 km)

A coarse resolution model A higher resolution model

sees a real wave as a flat line sees a real wave as a wave
10



Importance of Climate Data at the Appropriate Scale
Adaptation Occurs at Local / Community Level

Knowing “What to adapt to”
is very important — need to
know what the future climate
could be before planning for
adaptation.

Access to state-of-the-science
high resolution Ontario-
specific climate data at the
appropriate scales (spatial
and temporal) is critical
because adaptation is most
effectively carried out at local
community level.

Global Climate Models
(GCMs)

Downscaling

dvinsr@deasciuk . S

s

Regional Climate Models

~. . Hydrology

~—~_ . | Vegetation

.l Topography

Local communities /
Social systems
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Development of Ontario-Specific Climate Data
Using a Partnership Model
The Ministry has used a collaborative/partnership model to

develop Ontario-specific climate data leveraging expertise
both within and outside the Ministry. This has resulted in:

High Resolution Ontario-
Specific Climate Data

* The development of over 100 Ontario-specific climate e ~100 climate variables (e.g.
variables at high spatial resolution and various time EETREFEEE S [ o,
lest intensity, duration and frequency
sca

(IDF) curves, heat waves, etc.
e Across ALL of Ontario (~10000

e The development of public facing climate data portals 10x10km grid cells)

o Thousands of users and e For historical and future years (e.g.
o tens of thousands of data download requests 1970s, 1990s, 2030s, 2050s and
o , _ 2080s)
e The provision of technical guidance to a broad range of e Over 10TB of climate data available
practitioners/stakeholders, forums for knowledge to researchers for download

sharing, and the publication of numerous peer reviewed I T AL I —

papers "wf |
w v.

e The development of policy, programs, and risk j’ﬁ;T

&
. 2 -‘ Sad ST =l
assessments across various sectors Far North Winter Roads | Algae blooms |

e Recognition of the Ministry as a source of state-of-the-
science high quality regional climate data3.

Notes:

1. A sample list of the climate data/climate variables produced as part of this project is provided on last slide
2. See Appendices for project details

3. http://www.climateontario.ca/doc/Survey/ClimatelnformationNeedsSurveyResults-OCCIAR.pdf Fig.18.



https://www.javacoeapp.lrc.gov.on.ca/geonetwork/srv/en/metadata.show?id=14567
http://www.climateontario.ca/doc/Survey/ClimateInformationNeedsSurveyResults-OCCIAR.pdf

What Can Ontario Expect in the Decades to Come?
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http://lamps.math.yorku.ca/OntarioClimate/assets/img/plot/OntarioClimateChangeTrend.png

By 2050s Ontarians Could Experience...

More Heat Waves
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http://yorku.ca/ocdp

Climate Data Portals

[ Ontario Climate Changs X

€ [¢] ‘ @® lamps.math.yorku.ca/OntarioClimate/

t Apps [ Travellers RoadInfor [ Arctic Oscillationanc () Why thereisnoneer  [3 19_urban_expansion. o Environmentand Cli ¥ Webinars Home: Clir @ Whats in a Name? G

Maps Time-series Data Documents

Ontario Climate Data Portal

"\ ®ata, maps, figures and reports

An open source of climate change information

Click Here to Enter

Maps: M Figures

5

Thousands visually-appealing, informative and interactive web maps Annual variations of basic climate variables and climate extreme
based on a big ensemble of climate projection dataset. indices tell us how fast the climate is changing at various spatial
levels.

&% Data Documents

=
Large ensembles of high resolution historical observations and Many PDF formate reports or web pages about special climate
future projected climate data for dlimate change and impact change topics including factsheets, present and future climate
researches. condition analyses.

0 FAQ About
Answers of some questions about all aspects related to the OCDP Brief introduction of the climate change group at LAMPS, York
including data sources, methodology, products and our future University and the works we did and will do in the future.

researches.

http://OntarioCCDP.ca http://yorku.ca/OCDP

Links to the Climate Data Portals also available from the Ontario Open Data Catalogue
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http://www.ontarioccdp.ca/
http://www.ontarioccdp.ca/
http://yorku.ca/ocdp
http://yorku.ca/ocdp
http://yorku.ca/OCDP
http://ontarioccdp.ca/
https://www.ontario.ca/data/climate-data-high-resolution-projections

What’s Available on the Ontario Climate Data Portal?

Pre-made maps and graphs of climate data for the general
public and policy makers

| High-level factsheets for the province and and tailored
factsheets for Ontario’s 50 regions and 150 municipalities

Pre-made interactive maps for more advanced users who can
tailor their data search to a specific location

| Bepans Summary Reports on topics of interest e.g. Ontario’s frost-free

~[2] Ontario Has Been Setting Hotter
~[Z) vwhere vear 2016 Stands in Ontz . . .
~[E) High Resolution Climate Change SeaSOn, BUIIdIng COde Varlables
[
[

1
—[Z) Trend of heat wawe duration
1

LT

An updaie on 2016 climaie

| freemetrememmmen e 1 Over 10 terabytes (TB) of high resolution climate data
| covering the entire province for scientists and engineers to
carry out detailed risk assessments, free of charge

LLLLL

|I9A3T 8Pa|MOUY 43S Sulsealdu|

wowwe | Sample tools to read the large downloaded climate data files

Python

import scipy.io

A sample list of climate data is on last slide in Appendix. 16



http://yorku.ca/ocdp

What Is Unique about the Ontario-Specific Climate Data?

Su per Ensemble of Ontario-Specific High-Resolution Regional Climate Projections
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https://link.springer.com/article/10.1007/s00382-017-3931-3
http://www.yorku.ca/ocdp

Examples of
Where the Ontario-specific Climate Data Has Been Used

Policy Documents Infrastructure Ecosystems
FACING P "’ \/ * QOver 7000 users
CLIMATE ),

from municipal and
provincial agencies,
academia, non-

s government

| agencies, and the

CHANGE

Ministry of Transportation
[ Highway Standards Branch RnponJ

a

The Resilience of Ontario
Highway Drainage
Infrastructure to

Climate Change

= private sectors
. . . R (60,000+ data
Public Health Indigenous Agricultural Practices Municipalities
Impact of Climate Change on water resources inan d own I Oad d re q ue Sts ) .
= GLISA
agricultural tile drained watershed n York Reglon, Ontario "+ "

* Data have been used
for policy and
program
development and
risk assessments in
various sectors.

Assessing and Mitigating Municipal Climate
Risks and Vulnerabilities in York Region, Ontario
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https://www.ontario.ca/document/climate-ready-adaptation-strategy-and-action-plan-2011-2014-0
https://www.ontario.ca/document/climate-ready-adaptation-strategy-and-action-plan-2011-2014-0
javascript:__doPostBack('hld$comp_AAAAAA$c$comp_AACA$c$comp_AABX$c$comp_AAAAIR$c$AAAAIS$comp_AAAAIR_AAAAIS$c$comp_AABZ$c$comp_AAAE$c$comp_AAAAIY$c$recordView$comp_top$c$comp_AAAN$c$comp_AAAN_3_1$c$comp_AABI$c$ctl00$r0$rv_0$c0$r0$download','')
javascript:__doPostBack('hld$comp_AAAAAA$c$comp_AACA$c$comp_AABX$c$comp_AAAAIR$c$AAAAIS$comp_AAAAIR_AAAAIS$c$comp_AABZ$c$comp_AAAE$c$comp_AAAAIY$c$recordView$comp_top$c$comp_AAAN$c$comp_AAAN_3_1$c$comp_AABI$c$ctl00$r0$rv_0$c0$r0$download','')
https://eco.on.ca/reports/2016-facing-climate-change/
https://eco.on.ca/reports/2016-facing-climate-change/
http://glisa.umich.edu/media/files/projectreports/GLISA_ProjRep_OCC_York.pdf
http://glisa.umich.edu/media/files/projectreports/GLISA_ProjRep_OCC_York.pdf
http://elibrary.asabe.org/abstract.asp?aid=45525&t=2&redir=&redirType=
http://elibrary.asabe.org/abstract.asp?aid=45525&t=2&redir=&redirType=
http://www.simcoemuskokahealth.org/docs/default-source/topic-environment/smdhu-vulnerability-assessment-2017-final.pdf?sfvrsn=2
http://www.simcoemuskokahealth.org/docs/default-source/topic-environment/smdhu-vulnerability-assessment-2017-final.pdf?sfvrsn=2
https://d2khazk8e83rdv.cloudfront.net/moe_mapping/downloads/4Other/CC/PDF/2012-13-TU-LSWN.pdf
https://d2khazk8e83rdv.cloudfront.net/moe_mapping/downloads/4Other/CC/PDF/2012-13-TU-LSWN.pdf
https://d2khazk8e83rdv.cloudfront.net/moe_mapping/downloads/4Other/CC/PDF/2013-14-YU-JBL.pdf
https://d2khazk8e83rdv.cloudfront.net/moe_mapping/downloads/4Other/CC/PDF/2013-14-YU-JBL.pdf

You can learn more on climate change in Ontario from the following videos:
1.

Thanks!

Questions/Comments?
Jinliang.Liu@Ontario.ca

How warm could Ontario get because of climate change?

Youtube: https://www.youtube.com/watch?v=nlUtlql2vzs

Facebook: https://www.facebook.com/ONenvironment/videos/1059679247436925/
Twitter:  https://twitter.com/ONenvironment/status/738420843173281792

Why do we have extreme cold snaps in Winter if the climate is warming?

YouTube: https://www.youtube.com/watch?v=HIX23-Yv2Qk

Facebook: https://www.facebook.com/ONenvironment/videos/1384320091639504/
Twitter:  https://twitter.com/ONenvironment/status/840596421816512513
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https://twitter.com/ONenvironment/status/738420843173281792
https://www.youtube.com/watch?v=HIX23-Yv2Qk
https://www.facebook.com/ONenvironment/videos/1384320091639504/
https://twitter.com/ONenvironment/status/840596421816512513
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MECP-funded Regional Climate Modelling Projects

Year Grant Recipient Project Description
2008-2009 OURANOS Modelling distribution of trends of major climate indicators across Ontario (45km x 45km grids) using a
Canadian model
University of Regina Modelling distribution of trends of major climate indicators across Ontario (10km x 10km grids) using a UK
model
2009-2010 University of Toronto/ SciNet | Modelling Ontario’s climate change at high-resolution (10km x 10km grids) with US model on the SciNet
Supercomputer System
University of Regina Modelling Ontario’s climate change at high resolution (25km x 25km grids) with UK PRECIS Model and
further downscaling to 10km x 10km resolution
University of Toronto- Developing future climate change projections over Ontario at annual, seasonal and monthly scales using
Scarborough statistics
York University Assessing potential changes in extreme winds over Ontario using high resolution data from observation
and models
2010-2011 York University Developing high-resolution (45km x 45km grid) probabilistic climate projections over Ontario from multiple
Regional and Global Climate Models
University of Regina Developing high-resolution (25km x 25km) probabilistic climate projections over Ontario from large
ensemble runs of the UK model
University of Toronto/ SciNet | Improving regional climate modelling over Ontario at high-resolution (10km x 10km grids) with US model
on the SciNet Supercomputer System
2012-2013 York University Developing High-Resolution (45km x 45km) Probabilistic Climate Projections of Extreme Events over
Ontario from Multiple Regional and Global Climate Models.
University of Regina Developing Future Projected IDF Curves across the Entire Province and to Make the Project Results and
All Associated Data Publicly Available on a Data Portal.
2013-2014 York University Updating the 45km x 45km Probabilistic Projections over Ontario Through Statistical Downscaling of IPCC
AR5 GCM and updated NARCCAP RCM Projections
University of Regina Updating the 25km x 25km Probabilistic Projections over Ontario by Dynamical Downscaling of IPCC’s AR5
GCM Projections using UK PRECIS
York University Ensemble Dynamic Downscaling Climate Projections over Ontario using the US Weather Research and
Forecasting (WRF) Model
2015-2016 University of Toronto/ SciNet | High Resolution Climate Change Projections for Ontario and the Great Lakes Basin Region: Phase 1
York University Upper Air Climate Trends Observed by the O-Qnet Profiler Network in Central and Southern Ontario
University of Regina Developing additional 4 set of Dynamical Downscaled High Resolution Regional Climate Projections
York University Developing a Common Set of High Resolution Regional Climate Projections Using A Large Ensemble
2017-2018 University of Toronto/ SciNet | High Resolution Climate Change Projections for Ontario and the Great Lakes Basin Region: Phase 2

21



MECP-funded Climate Impact Assessment Projects (1)

Climate Data

Risk Sciences International
(RSI)

Accessing and Interpreting Climate Change Information for
Decision Making, Toronto

Ontario Centre for Climate
Impacts and Adaptation
Resources (OCCIAR)

Accessing and Interpreting Climate Change Information for
Decision Making, Sudbury

Training
To Support Ontario Climate Consortium | Accessing and Interpreting Climate Change Information for
Adaptation (OCC) Decision Making - Climate Data Training Session for
Engineers, Ontario Science Center
Ontario Climate Consortium | Accessing and Interpreting Climate Change Information for
(OCC) Decision Making - Climate Data Training Session for Planners
and Decision Makers, Ontario Science Center
Ontario Climate Consortium | Accessing and Interpreting Climate Change Information for
(OCQC) Decision Making - Integrating Climate Information into
Watershed Planning, Black Creek Pioneer Village
Trent University Assessing climate impacts on the Lake Simcoe watershed
Lake using Ontario-specific high resolution climate data
Simcoe York University Projecting Climate Change Impacts on Hydrological Cycles over
the Lake Simcoe Watershed
University of Toronto Assessing Climate Change Impact on Carbon Cycles in the
= Ontario’s Far North Ecosystems — phase 1
Ecosystem |Far _ , , ; .
North University of Toronto Assessing Climate Change Impact on Carbon Cycles in the
Ontario’s Far North Ecosystems — phase 2
York University Assessing Climate Change Impacts on the James Bay
Algal Lowlands in the Far North of Ontario
Bloom

York University

Assessing Climate Change Impacts on Algal Bloom in Ontario’s
Inland Lakes
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MECP-funded Climate Impact Assessment Projects (2)

Human Health

University of
Toronto

Projecting Climate Change Impacts and Risks to
Human Health in Ontario

University of

Assessing Climate Change Impacts on Droughts

Guelph and Food Security over Ontario
Agriculture University of Assessing Climate Change Impacts on Water
Guelph Quantity and Quality in an Agricultural Watershed in
Southwestern Ontario
Engineers Canada | A pilot vulnerability assessment of the impacts of
climate change on a municipal water treatment plant
in southern Ontario
Ontario Climate A Climate Change Risks Assessment and
Consortium (OCC) | Adaptation Strategy for York Region, Ontario
Infrastructure

York University

Developing Extreme Climate Indices for Building
Code Calculation in Ontario from the IPCC AR5
Multi-model Ensemble

University of
Toronto

Assessing Climate Change Impact on Ontario’s Far
North Winter Roads




A Sample List of
Ontario-Specific High Resolution Climate Data
Resulted from MECP-Funded Projects

CoNoTrWDE

Annual Mean Temperature

Mean Diurnal Range (Mean of the period max-min])
Mean daily temperature

Mean daily maximum temperature

Mean daily minimum temperature

Max Temperature of Warmest Period

Min Temperature of Coldest Period

Temperature Annual Range

Mean Temperature of Wettest Quarter

. Mean Temperature of Driest Quarter
. Mean Temperature of Warmest Quarter
. Mean Temperature of Coldest Quarter

Heat wave return-period analyses

. 99th percentile of daily maximum temperature - probabilistic

1st percentile of daily maximum temperature - probabilistic

. 99th percentile of daily minimum temperature - probabilistic

1st percentile of daily minimum temperature - probabilistic

. Cooling Degree Days (CDD) - probabilistic

Heating Degree Days (HDD) — probabilistic

. Annual Precipitation

. Precipitation of Wettest Period

. Precipitation of Driest Period

. Precipitation Seasonality

. Precipitation of Wettest Quarter

. Precipitation of Driest Quarter

. Precipitation of Warmest Quarter
. Precipitation of Coldest Quarter

. Intensity, Duration and Frequency (IDF) curves at selected monitoring locations
. Flooding return-period analyses

. Snow water equivalent (“‘SWE”)

. Monthly mean of SWE

. Max daily SWE

. 99th percentile of daily precipitation rate- probabilistic
. Specific humidity

. Relative humidity

. Surface winds gusts and return-period analyses

. Soil moisture

. Soil temperature

. Total clouds

40.
41.
42.
43.
44.
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

Net surface long wave radiation flux

Net surface short wave radiation flux

Total downward short wave radiation flux

Intensity, Duration and Frequency curves across all of Ontario
Daily maximum, minimum, and average air temperature.

Daily total precipitation

Hourly temperature

Hourly total precipitation

Hourly surface relative humidity

Hourly surface solar radiation

Hourly surface wind speed

Hourly surface wind direction

Heat waves (strength and length) - Length in days, season, year
Maximum humidex - day, month, season, year

Hot day- Length in days, season, year

Hot night- Length in days, season, year

Cold day - Length in days, season, year

Days with more than 5 consecutive days of precipitation

Cold night - Length in days, season, year

Days with more than 10mm precipitation - month, season, year
Days with more than 20mm precipitation- month, season, year
Heavy precipitation above 95 percentile - month, season, year
Frequency of heavy precipitation by types - month, season, year

Plus

~40 most up-to-date extreme climate

indices.
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https://www.javacoeapp.lrc.gov.on.ca/geonetwork/srv/en/metadata.show?id=14567
http://lamps.math.yorku.ca/OntarioClimate/index_app_data.htm#/indexDefinationTable

