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BECOME A FUTURE LEADER IN ASHRAE –
WRITE THE NEXT CHAPTER IN YOUR CAREER

YOU ARE NEEDED FOR:

 Society Technical Committees

 Society Standard Committees

 Chapter Membership Promotion

 Chapter Research Promotion

 Chapter Student Activities

 Chapter Technology Transfer

Find your Place in ASHRAE and volunteer

ASHRAE Members who are active at their chapter and society become 
leaders and bring information and technology back to their job.

ASHRAE is a Registered Provider with The American Institute of Architects 
Continuing Education Systems. Credit earned on completion of this program will 
be reported to CES Records for AIA members. Certificates of Completion for non-

AIA members are available on request. 

This program is registered with the AIA/CES for continuing professional 
education. As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the AIA of any material of 
construction or any method or manner of handling, using, distributing, or 
dealing in any material or product. Questions related to specific materials, 

methods, and services will be addressed at the conclusion of this presentation.

Impacts of Climate Change and Urbanization on Future Building Performance
Approved for 1 LU/HSW by AIA; course number is CRAWLEY05.
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GBCI cannot guarantee that course sessions 
will be delivered to you as submitted to GBCI. 
However, any course found to be in violation of 
the standards of the program, or otherwise 
contrary to the mission of GBCI, shall be 
removed. Your course evaluations will help us 
uphold these standards. 

Course ID: 920020234

Impacts of Climate Change 
and Urbanization on Future 
Building Performance
By  Drury B. Crawley

Approved for:

1
General CE hours

1
LEED-specific hours

 Explain difference between weather and climate
 Recognize climate change scenarios
 Explain impacts of urban heat islands on diurnal temperature
 Explain impact of climate change on energy performance in 

different climate zones
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Weather:
the state of the atmosphere with respect to wind, 

temperature, cloudiness, moisture, pressure, etc.

Climate: 
the composite or generally prevailing weather 
conditions of a region, as temperature, air pressure, 
humidity, precipitation, sunshine, cloudiness, and 
winds, throughout the year, averaged over a series of 
years.

www.dictionary.com
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https://www.nytimes.com/interactive/2017/01/18/world/how-much-warmer-was-your-city-in-2016.html
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 Released January 2011, 2nd Edition April 2019
 Endorsed by IBPSA
 Contents:

1 Building performance simulation – challenges and opportunities
2 Thermal load and energy performance prediction
3 Ventilation performance prediction
4 People in building performance simulation
5 Indoor thermal quality performance prediction
6 Weather and climate in building performance simulation
7 Daylight performance predictions
8 Moisture modeling and durability assessment of building envelopes: 
recent advances
9 Computational modeling in architectural acoustics 
10 The role of simulation in performance-based building
11 BIM and BPS: a case study of integration cost metrics and design 
options
12 Building simulation for policy support
13 Building simulation for practical operational optimization
14 Modeling and simulation in building automation systems
15 HVAC systems performance prediction
16 Micro-cogeneration system performance prediction
17 Modeling in building-to-grid integration
18 Modelling HVAC and renewable energy plant and control 
19 A view on future building system modeling and simulation 
20 Integrated resource flow modelling of the urban built environment 
21 Urban building energy modeling 
22 Urban physics simulation for climate change adaptation of buildings 
and urban areas

18

19



10 February 2020

10

 In the past, usually only available from ground observing stations 
 Rarely includes solar data
 Temperature/humidity data generally robust.
 Wind data is problematic – extremely variable due to terrain and site 

obstructions.
 Other data can be limited or incomplete.

 Now, more sources incorporate remote sensing (satellite) data. 
Accuracy is quite good. Advantage – comprehensive global data, 
relatively decent grid. Not dependant on ground stations.

 In general master data sets such as those from NOAA/NCEI are 
near-real-time.  Data is posted within a few days to weeks.

 But design conditions and data for simulation often require 
summary and further calculations before it can be used
 Design conditions based on historical period of record
 Ground observing stations (near real-time data) do not record solar 

radiation.
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 Used for design sizing of heating, ventilating, air-conditioning, 
and dehumidification equipment, as well as or other energy-
related processes in residential, agricultural, commercial, and 
industrial applications. 

 Includes as a minimum dry-bulb, wet-bulb, and dew-point  
temperature, and wind speed with direction at various 
frequencies of occurrence. 

 Typical annual percentiles* used:                                                             
99.6% heating dry-bulb temperature and

1% cooling dry-bulb temperature with coincident wet-bulb.

 Depending on the application, use other percentiles (99, 0.4, 2, 5) 
or variables (wind speed, dewpoint, wetbulb, etc.).  Monthly 
cooling percentiles also available (0.4, 2, 5, 10). 
*Percentiles represent number of hours that the design condition can be expected to be exceeded in a typical year, based 
on15-30 years of data.  99.6% ≈ 35 annual hours (8760 – (99.6% * 8760)).  1% ≈ 88 annual hours (8760 – (1% * 8760)). 

 Best source for design conditions:              
Chapter 14 Climatic Design Information, 
ASHRAE Handbook-Fundamentals:
 8,118 locations through the world
 Integrated Surface Dataset (ISD) data for stations        

from around the world provided by NCDC for              
the period 1990 to 2014

 Updated every four years

 Climate changing!                                           
Comparing design conditions for 1274 locations       
between 1977-1986 and 1997-2006: 
 99.6% annual dry-bulb temperature increased 1.52°C
 0.4% annual dry-bulb increased 0.79°C
 annual dew point increased by 0.55°C
 HDD base 18.3°C) decreased 237°C-days,
 CDD base 10°C increased 136°C-days.
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24



10 February 2020

12

99.6% heating dry bulb temperature + 0.76 °C + 1.37 °F

0.4% cooling dry bulb temperature + 0.38 °C + 0.68 °F

0.4% dehum. dew point temperature + 0.28 °C + 0.50 °F

Dry bulb temperature range ~ 0 °C ~ 0 °F

Average temperature + 0.41 °C + 0.73 °F

Heating degree-days base 18.3°C / 65°F - 118 °C-day - 212 °F-day

Cooling degree-days base 10°C / 50°F + 68 °C-day + 122 °F-day

26

27



10 February 2020

13

28

29



10 February 2020

14

30

31



10 February 2020

15

32

33



10 February 2020

16

 Climatic data needed for simulating 
representative performance from a single year 
analysis.

 TMY (Typical Meteorological Year) approach is 
most widely used– a composite of months (not 
all from same year), each representative for the 
period of record. ISO Standard 15927-4 uses this 
method.

 Months selected using statistical of indices 
(daily min, mean, max) dry-bulb temperature, 
dew-point temperature, wind speed, and total 
global and direct solar radiation. Each method 
varies the weightings of the indices based on 
their importance.  

 Best for:
 Comparison of alternatives during design 
 Compliance with building standards/codes and green building rating 

system points

 Limitations:
 No explicit effort to represent extreme conditions
 Files not intended to represent design conditions (can be mild)

34

35



10 February 2020

17

 Actual hourly weather data required to calibrate to utility bills in 
existing buildings and subsequent evaluation of retrofit alternatives.

 Many sources – some providing near-real time data and/or 
prediction:
 NOAA/NCEI/WMO Data Center
 Weather Bank
 Weather Source
 Weather Underground

 Biggest issue – how complete are the data – does it include 
temperature, humidity, wind, solar radiation?
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 Four major storylines developed to 
represent different demographic, social, 
economic, technological, and 
environmental developments.

 Updated for each Assessment Report, 
latest AR5 was released in 2013

 Four emissions scenarios, called 
Representative Concentration Pathways 
(RCPs) derived from the storylines –
RCP2.6, RCP4.5, RCP 6.0 RCP8.5–
represent the range of potential climate 
impact

https://www.ipcc.ch/ https://www.ipcc.ch/report/ar5/index.shtml
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 Methods
 Dynamic downscaling
 Physics-based model used to downscale global climate model results

 Analogue scenarios
 Find existing locations with comparable data to the predicted climate change scenario 

results

 Time series adjustment (morphing)
 Shift and stretch the existing data to match the predicted monthly change

 Statistical models
 Stochastic model trained on observed data adjusts data based on altered frequency 

distributions of weather variables 

 Average monthly temperature change (+)
 Diurnal temperature change (+/-)
 Cloud cover change (+/- solar radiation)
 Precipitation changes (+/-)

Los Angeles CA USA TMY2 Autumn Novermber 23 Climate ChangeLos Angeles CA USA TMY2 Autumn Novermber 23 Climate Change
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 Heat Island size and temperature are function of 
city population

 Range is roughly 1-5 C
 Beyond 5 million people, roughly 5 C
 Depresses daytime temperature
 Raises nighttime temperature

Sterling VA (Washington Dulles Airport) TMY2 Spring April 10 Heat Island Sterling VA (Washington Dulles Airport) TMY2 Spring April 10 Heat Island 
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USA_VA_Sterling-Washington.Dulles Typical Year Standard and Climate Change Scenarios, 
Source Energy
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Cooling:Electricity
Fans:Electricity
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Plug Loads:Electricity
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USA_VA_Sterling-Washington.Dulles Standard and Climate Change, Site Energy

Heating:Gas
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Cooling:Electricity
Fans:Electricity
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Plug Loads:Electricity
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Cooling:Electricity
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USA_VA_Sterling-Washington.Dulles Low Energy and Climate Change, Source Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity
Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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SGP_Singapore Standard and Climate Change, Source Energy
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SGP_Singapore Low Energy and Climate Change, Source Energy
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Lights:Electricity

Plug Loads:Electricity

SHW:Gas
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CAN_NU_Resolute Standard and Climate Change, Source Energy

Heating:Gas

Reheat:Gas

Cooling:Electricity

Fans:Electricity

Lights:Electricity

Plug Loads:Electricity

SHW:Gas
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CAN_NU_Resolute Low Energy and Climate Change, Source Energy

Heating:Gas

Reheat:Gas

Cooling:Electricity

Fans:Electricity

Lights:Electricity

Plug Loads:Electricity

SHW:Gas
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USA_VA_Sterling-Washington.Dulles Typical Year 
Standard and Climate Change Scenarios, Source EnergyHeating:Gas

Reheat:Gas
Cooling:Electricity
Fans:Electricity
Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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USA_CA_Los.Angeles Typical Year Standard and Climate 
Change Scenarios, Source Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity
Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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SGP_Singapore Typical Year Standard and Climate Change 
Scenarios, Source Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity
Lights:Electricity
Plug Loads:Electricity
SHW:Gas
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EGY_Cairo Typical Year Developing and Climate Change 
Scenarios, Source Energy

Heating:Gas
Reheat:Gas
Cooling:Electricity
Fans:Electricity
Lights:Electricity
Plug Loads:Electricity
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 Climatic data is critical for building design (equipment and systems sizing)

 For building performance simulation, typical (TMY), actual, and future weather  support 
building evaluation
 Some question of whether single TMY is enough (research on XMYs underway)
 Rich resources of data now available – both ground observing stations and satellite data.

 Climate change scenarios can be represented today by modifying existing hourly weather 
files
 Buildings in higher latitude climates (north and south) will likely see decreases (heating decreases more 

than cooling increases)
 Buildings in tropical and semi-tropical locations will see increases – but lower than changes in higher 

latitudes – primarily due to increased cooling
 Energy-efficient buildings mitigate most impacts of both climate change and heat islands.
 Result – significantly more hours of cooling equipment operation.

 Design the best building you can – beyond code towards zero-energy, 
WELL, 2030, etc
 Remember that most building components/equipment have a 10-30 year life 
 Plan for future upgrading

 Concerned about potential impacts?
 Look at next warmest climate (Cleveland Louisville, Boise Salt Lake City, 

Boston NYC, San Francisco LA)
 How different are the design conditions?
 Will my safety factors/oversizing be able to cover                                                  

(in real life, oversizing means we rarely see full loading)
 If doing building simulation, use a future climate file or substitute a 

climate file from next warmer climate
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 Energy
 Demand
 Cost
 Water
 IEQ
 Carbon
 Business

(student, occupied room, sales, beer barrels)
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Dru Crawley
Dru.Crawley@Bentley.com

@DruCrawley Drury_CrawleyDruCrawleyDrDru.Crawley

GBCI Approved | 1 CE Hour | 920020234
AIA Approved | 1 LU/HSW | CRAWLEY05

 Building Performance Simulation for Design and Operation  www.routledge.com/books/details/9780415474146/

 ASHRAE Handbook—Fundamentals 2017  www.ashrae.org

 NOAA/NCEI Integrated Surface Data                                                                                            
Documentation:   www1.ncdc.noaa.gov/pub/data/noaa/isd-format-document.pdf

 Data:                      www.ncei.noaa.gov/data/global-hourly/access/

 Typical Meteorological Year Data Sets  (Climate.OneBuilding free weather data for more than 13,000 locations worldwide in EPW, ESP-
r and DAYSIM formats) climate.onebuilding.org/

 Drury B. Crawley. 1998. “Which Weather Data Should You Use for Energy Simulations of Commercial Buildings?” in ASHRAE 
Transactions, pp. 498-515, Vol. 104, Pt. 2. Atlanta: ASHRAE. 
climate.onebuilding.org/papers/1998_06_Crawley_Which_Weather_Data_Should_You_Use_for_Energy_Simulations_of_Commercial_
Buildings.pdf

 Crawley, Drury B.  2008. “Estimating the Impacts of Climate Change and Urbanization on Building Performance,” Building 
Performance Simulation, pp. 91-115, Vol. 1, No. 2 (June). 
climate.onebuilding.org/papers/2008_06_Crawley_Estimating_the_impacts_of_climate_change_and_urbanization_on_building_perfor
mance.pdf

 Meteonorm www.meteonorm.com

 Weather Underground  www.weatherunderground.com

 National Centers for Environmental Information   lwf.ncdc.noaa.gov/oa/climate/climatedata.html

 CIBSE Technical Manual 48 (TM48), Use of climate change scenarios for building simulation: the CIBSE future weather years  
www.cibse.org/index.cfm?go=publications.view&item=449

 Climate Change  World Weather Generator (CCWorldWeatherGen)  www.energy.soton.ac.uk/ccworldweathergen/

 Dview (tool for displaying and comparing weather data (and CSV data)  beopt.nrel.gov/downloadDView
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