
Climate Science & Planning

The Basics



APA’s Sustainability & Resilience Series

Planning for sustainability means balancing social, economic, and 

environmental resources, incorporating resilience, and linking local actions to 

regional and global concerns.

Planning for resilience means supporting the capacity of individuals, 

communities and systems to survive, adapt and thrive in the face of chronic 

stresses and acute shocks and even transform when conditions require it.



APA’s Sustainability & Resilience Series

* 2 years, 12 topics, 2 levels = 24 events by 2024!

* Free of charge

* Diverse perspectives

* Live & recorded offerings for AICP credit

* Earns new Sustainability & Resilience CM credit

* Interested speakers: please email karla@ebenbach.com
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Matt Bucchin, AICP

▪ Regional Practice Leader, Halff Associates, Inc.,  
Austin, TX

▪ Past Chair of APA’s Sustainable Communities 
Division 

▪ Core Author of APA’s Climate Change Policy Guide

▪ Co-Author of APA’s Climate Change PAS Report 
(pending)



LEARNING 
OBJECTIVES

▪ Why planners?

▪ Introduction to climate change

▪ Climate data limitations and 
resources

▪ Climate resources from APA



Climate Point: 2021 among the warmest, most disastrous 
years on record“Climate Point: 2021 among the warmest, 

most disastrous years on record.”

IMAGE SOURCE: GETTY IMAGES

QUOTE SOURCE: USA TODAY



SOURCE: REUTERS/STEVE MARCUS/FILE PHOTO



IMAGE SOURCE: CLIMATE.GOV



▪ Inland flooding

▪ Drought and threatened 
water supplies

▪ Increased fire activity

▪ Melting permafrost

▪ Decreasing biodiversity

▪ Species migration

▪ More frequent and 
intense storm events

▪ Increasing 
temperatures and 
extreme heat

▪ Warmer ocean 
temperatures

▪ Declining arctic sea ice

▪ Sea level rise

▪ Acidification of the 
Earth’s oceans

CLIMATE 
CHANGE 
IMPACTS
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CLIMATE CHANGE IMPACTS

Source: Authors

ENERGY TRANSPORTATION LAND USE INFRASTRUCTURE BUILDINGS MATERIALS 
NATURAL 
SYSTEMS 

PUBLIC 
HEALTH 

▪ Changing 
energy 
supply 
portfolio 

▪ Changes in 
seasonal 
energy 
demands 

▪ Decreased 
grid 
reliability 

▪ Extreme 
weather 
disruptions 

▪ Changes in 
water 
availability 

▪ Roadway 
failure 

▪ Decreased 
system 
reliability 

▪ Transition to 
Electrification  

▪ Changes in 
mode choice 

▪ Inadequate 
design for 
future climate 
conditions 

▪ Increasingly 
vulnerable 
fixed facilities 

▪ Extreme 
weather 
disruptions 

▪ Decreased 
agricultural 
productivity 

▪ Increased 
droughts 

▪ Wildland 
urban 
interface 
issues 

▪ Mass 
migration 

▪ Increased 
economic 
activity 
disruptions 

▪ Coastal 
erosion 

▪ Storm surge 
▪ Decreased 

water supply 
▪ Increased 

water demand 
▪ Reduced 

infrastructure 
reliability 

▪ Infrastructure 
failure 

▪ Increased 
impacts from 
extreme 
weather 
events 

▪ Increased 
urban heat 

▪ Urban 
flooding 

▪ Extreme 
storm 
events 

▪ Inadequate 
building 
envelopes 

▪ Increasing 
risk 

▪ Increasing 
insurance 
costs 

▪ Increasing 
quantities of 
waste from 
disasters 

▪ Changing 
material 
requirements 

▪ Changing 
material 
processing 
requirements 

▪ Increasing 
source/waste 
material 
transportation 
costs 

▪ Decreased 
snowpack 

▪ Earlier 
Snowmelt 

▪ Increased 
wildfires 

▪ Sea level 
rise 

▪ Reduced 
biodiversity 

▪ Species 
migration 
and 
extinction 

▪ Inequitable 
health 
disparities 

▪ Increased 
vector 
borne 
diseases 

▪ Increased 
water-
related 
illnesses 

▪ Increased 
food 
insecurity 

▪ Decreased 

air quality 

 



Why Planners?

▪ Comprehensive perspective

▪ Long-range outlook

▪ Focus on place-based solutions

▪ Systems perspective and focus on unintended 
consequences

▪ Engagement and consensus building skillset

▪ Strategic role in community growth and development 
process
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Climate Science: 
The Basics

Rachel Riley 
Director, Southern Climate Impacts Planning Program

University of Oklahoma

APA S&R Webinar Series, 18 February 2022

Image source: USGCRP, 2017 Climate Science Special Report



Our Mission: Assist organizations with making
decisions that build resilience by collaboratively
producing research, tools, and knowledge that
reduce weather and climate risks and impacts
across the South Central United States.

Who We Are & What We Do

The SCIPP region is home to many tribal 
nations. We fully recognize the sovereign 

rights of those tribal nations.

www.southernclimate.org

http://www.southernclimate.org


Collaborations with Planning Officials

Exploratory Workshops with 
Planners and Emergency 

Managers in Oklahoma and 
Arkansas (2017-2018)

Development of the Simple Planning Tools 
for Oklahoma and Arkansas (2018, Texas 

and Louisiana versions coming soon)



Collaborations with Planning Officials 

Hazard Mitigation Planning 
and Consultant Perceptions 

Survey (2019)

Oklahoma Planning 
Officials’ Handbook 
Revision (ongoing)

Regional and State APA 
Conferences (2017-present)



Weather vs. Climate



Weather

The state of the atmosphere at a particular time and place, 

mainly with respect to life and human activities.



The statistical collection of weather conditions at a place over 

a period of years.

The accumulation of daily and seasonal weather events over a 

long period of time (weeks, months, years, centuries).

 Includes weather and weather extremes (e.g., heat waves, cold 

waves, heavy precipitation, tornadoes).

Represented by long term averages of weather variables and 

departures of weather variables from those averages.

Climate



Weather vs. Climate

What weather determines:

Type of clothing we wear 

today.

Snow plows out today or 

not?

Operations

What climate determines:

Type of clothing we buy and 

keep.

Should our city purchase 

snow plows or not?

Planning and design



Weather vs. Climate – Oklahoma City Example

 Climate Normal =

30-year average,

updated every 10 

years



Weather vs. Climate – Oklahoma City Example

February 2021 Extreme Cold Event 
(OK, TX, LA, AR, KS, etc.)

Many warm days = warmest 
December on record (OK)

Relatively cool July 4th

Late spring freeze

December 2021January 2021



Historical Climate –Annual Minnesota Temperature Trend

1895 2022

http://www.southernclimate.org/pages/data-tools



What Determines Climate?



Earth-Atmosphere Energy Balance
 Incoming energy from the sun (short 

wave radiation) heats Earth.

 Some energy is reflected by clouds or 
the atmosphere back into space.

 Some of the energy is absorbed by 
Earth and re-emitted as longer-wave 
radiation.

 Atmospheric gasses trap some of the 
longer-wave radiation, keeping Earth 
at an average temperature of 58°F.

Source: NOAA National Weather Service JetStream



What determines climate? 

The sun and uneven heating of Earth.

Different places on Earth receive direct (more intense) vs. 

oblique (less intense) energy.

Equator

Less direct energy:
Colder temps!

More direct energy:
Warmer temps!

Less direct energy:
Colder temps!



But wait…there’s more!
 Factor 2: Revolution and Tilt

 Factor 3: Rotation

 Factor 4: Latitude

 Factor 5: Elevation

 Factor 6: Land and Water are Different

Mt Washington, NH (44N, 6288ft) Rapid City, SD (44N, 3,202 ft)
Average annual temperature: 27.3°F Average annual temperature: 46.3°F



Other Natural Factors

Solar Variability

Ocean Circulation

Tectonics

Atmospheric gases such as 

volcanic emissions

Source: NASA

Source: USGS



Climate Change



Atmospheric Gases

 Four gases comprise about 99.998% of the atmosphere:

 Nitrogen 78.084%

 Oxygen 20.947%

 Argon 0.934%

 Carbon dioxide 0.033%

Water vapor is present in variable amounts, near 0% to up 

to 4%.





Greenhouse Gases - Lifetime in the Atmosphere

Greenhouse Gas
Average lifetime in 

the atmosphere

Global warming potential of one 

molecule of the gas over 100 years 

(Relative to carbon dioxide = 1)

Carbon dioxide 50-200+ years 1

Methane 12 years 21

Nitrous oxide 120 years 310

Fluorinated gases 

(HFCs, PFCs, SF6)
1-50,000 years 140-23,900

Source: EPA



Source: USGCRP Climate Science Special Report 2017

Anomaly calculation 
based on

1986-2016
vs.

1901-1960



 The climate factors 

discussed lead to almost 

all the subtle variations 

on this chart.

 However, the warmth 

over the past 60+ years 

is unusual compared to 

the prior 2000 years.

Source: Intergovernmental Panel on Climate Change 6th Assessment Report  2021



Global Surface Temperature Reconstruction

Source: Intergovernmental Panel on Climate Change 6th Assessment Report  2021



Climate models have become increasingly sophisticated

Source: USGCRP Climate Science Special Report 2017



Increased spatial resolution

Figure Source: Intergovernmental Panel on Climate Change 4th Assessment Report

1990

2001

1995

2007



Global Climate Projections

Source: Image by Katharine Hayhoe, from U.S. Global Change Research Program 2017 Climate Science Special Report



Do a couple of degrees really matter?

 Check out “What’s the Big Deal with a Few Degrees?” by Dr. Katharine 
Hayhoe on YouTube.



Arctic Sea Ice is Declining



The Science is Settled

Source: Intergovernmental Panel on Climate Change 6th Assessment Report  2021



United States Climate 
Trends & Projections



Trend: Temperature Change 1986-2016 vs. 1901-1960

 “Warming hole” in 

southeast U.S. due to 

reforestation 

(Ellenburg et al. 2016).

 More warming has 

occurred in the winter. 

Source: USGCRP Climate Science Special Report 2017



Trend: Vermont Winter Temperature



Projection: Heat and Cold

Source: USGCRP Climate Science Special Report 2017 / NOAA NCEI, CICS-NC

70+ more days~30 more days

~20 
more 
days

~20 fewer days

~30 
fewer 
days



Trend: Precipitation, 1986-2015 vs. 1901-1960

Source: USGCRP Climate Science Special Report 2017 / Petersen et al. 2013



Projection: Precipitation

Source: USGCRP Climate Science Special Report 2017 / CICS-NC and NOAA NCEI

Current daily “20-year 

events” for reference:

 Pittsburgh, PA: ~3.7”

 Nashville, TN: ~5.25”

 New Orleans, LA: ~10.0”

 Tucson, AZ: ~2.8”

Source: NOAA Atlas 14



Drought

 Is a natural part our climate.

 Different kinds: Meteorological, agricultural, hydrological.

 The 1930s “Dust Bowl” era remains the drought of record for the U.S. by geographical scale 

and duration (Climate Science Special Report 2017).

 Climate Science Special Report (2017) Key Finding:  “The human effect on recent major U.S. 

droughts is complicated. Little evidence is found for a human influence on observed 

precipitation deficits, but much evidence is found for a human influence on surface soil 

moisture deficits due to increased evapotranspiration caused by higher temperatures. 

(High confidence)” 



Projection: Snow water equivalent, Western U.S.

Source: USGCRP Climate Science Special Report 2017 / H. Krishnan LBNL



Trend: Wildfire Acres Burned (large fires)

 Complex: Climate stressors + built environment + historical forest management practices.

Source: U.S. EPA / National Interagency Fire Center / USDA Forest Service



Severe Storms (tornadoes, wind, hail)

 Projection: Possibly more 

tornado outbreak days, but 

not necessarily more 

tornadoes overall.

 Projected increased in 

severity and frequency of 

severe thunderstorms. Low 

Confidence

 Increased damages due to 

increases in population and 

built environment.

Source: USGCRP Climate Science Special Report 2017 / figure redrawn from Brooks et al. 2014



Trend: High Tide Flood Days

 Also known as “sunny day” or “nuisance” flooding.

Source: Christine Burns / NC King Tides Project UNC-IMS



Sea Level Rise

 Globally, sea level rose 4-5 inches 

between 1901 and  1990.

 An additional 3 inches since 1990.

 A substantial fraction of the rise is 

due to human-caused climate 

change.

Source: USGCRP Climate Science Special Report 2017



Hurricanes and Tropical Storms

Proportion that are intense 

are expected to increase. 

high confidence

Total number globally 

projected to decrease or 

stay the same globally. 

medium confidence

Source: USGCRP Climate Science Special Report 2017

Source: Klotzbach et al. 2018



What to do about it?

Climate Mitigation

Reduce greenhouse gas emissions 

through energy reductions and 

transitions to renewable energy 

sources.

Climate Adaptation / Hazard 

Mitigation

Alter planning, practices and built 

environment to reduce and better 

manage climate-related risks and 

impacts.

Scott Keeler/Tampa Bay Times

Rachel Riley



Climate and Hazard Data 
Resources



Simple Planning Tool for [state] Climate Hazards 

 PDF documents currently available for Oklahoma & 
Arkansas. Soon for Texas (very soon) and Louisiana. Other 
states: Many of the tools included will apply to you. 

www.southernclimate.org -> DATA TOOLS tab

 Western U.S.: Utah version will be available soon at 
https://wwa.colorado.edu/

 Multiple Hazards

 Data tools are focused on historical climatologies.

 Future trend summaries by hazard and state.

http://www.southernclimate.org/
https://wwa.colorado.edu/


State Climate Summaries

 http://stateclimatesummaries.globalchange.gov

 Or search for “NC CICS climate summaries”

 PDF and interactive web version

 Short narratives (5 pages) but do not provide 

information about all hazards.

http://stateclimatesummaries.globalchange.gov/


National Reports

 4th NCA Vol. I Climate Science Special Report 
(2017) - authoritative assessment of the science 
of climate change, U.S. focus.

https://science2017.globalchange.gov/

 4th National Climate Assessment Vol. II (2018) –
impacts, risks, and adaptation

https://nca2018.globalchange.gov/

 PDFs and interactive web versions

 Lots of narratives and graphics but may be 
overwhelming.

 May not always provide the geographic 
specificity you need.

https://science2017.globalchange.gov/
https://nca2018.globalchange.gov/


Other NOAA RISA Teams 



Thank You.

Rachel Riley
Director, Southern Climate Impacts Planning Program
University of Oklahoma 
rriley@ou.edu



APA & Planning Resources



▪ Replaces the 2008 Policy Guide on Planning and Climate

▪ Represents APA’s official position on critical planning 
issues

▪ Organized by the six APA Sustainability Comprehensive 
Plan Standards categories: 

» Livable Built Environment

» Harmony with Nature

» Resilient Economy

» Interwoven Equity

» Healthy Communities

» Responsible Regionalism

▪ Separate category focused on needed federal and state 
policies

APA CLIMATE CHANGE POLICY GUIDE



Sector

All Data Collection

Buildings

Renewable Resources

Transportation

Demographic Information

Waste

Existing Policies and Plans

▪ A guide for municipalities in 
documenting energy and 
climate existing conditions and 
creating indicators for measuring 
success relative to their goals

Buildings

Buildings and energy consumption are often 

significant contributions to a community's 

greenhouse gas emissions, though data 

accessibility or transparency of building energy 

use is sometimes difficult to track down. The 

guide includes suggestion on how to collect 

building energy consumption by energy type 

(electricity or natural gas), as well as by sector 

(commercial and industrial or residential). There 

are also notes on common building 

characteristics, like building square footage, that 

can be valuable in extrapolating energy 

consumption or creating community targets.

DATA COLLECTION PROCESS GUIDE

file:///C:/Users/bross/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/Renewable Resources
file:///C:/Users/bross/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/Demographic Information
file:///C:/Users/bross/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/Existing Policies and Plans




▪ Communities can customize the Development 
Review Checklist to their own specific climate 
goals

▪ Categories include:

» Commercial Industrial Efficiency

» Electric Grid Mix

» Renewable Energy

» Electrification and Fuels

» Residential Efficiency

» Transportation Strategies

» Waste Strategies

DEVELOPMENT 
REVIEW CHECKLIST



▪ Model climate ordinances and example 
ordinance language

▪ Searchable Web Tool

▪ Filter by topics

CLIMATE 
ORDINANCE 
INVENTORY



▪ Set ambitious, yet 
achievable goals

▪ Maximize the toolbox

▪ Engage, educate, and 
foster equity outcomes

▪ Build interdisciplinary 
partnerships and cross-
sector collaboration

▪ Address vulnerabilities 
and uncertainties

▪ Use whole systems 
thinking

▪ Plan and design for 
resilient and sustainable 
outcomes

▪ Develop diverse, flexible 
cross-sector strategies

▪ Prioritize for multi-
benefit outcomes

▪ Integrate implementation 
and monitoring into the 
planning process

PRINCIPLES 
FOR CLIMATE 
ACTION
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CLIMATE PLANNING

ENGAGEMENT

EDUCATION

CONSENSUS BUILDING

+ 10 STEPS
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1) Get educated

2) Talk about it

3) Network

4) Promote policy 
and take action

PLANNERS 
COMMITMENT



Q&A


