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Synthesizing typical and extreme weather files for the 
impact assessment of climate change on buildings



Climate change affects both the (clean) energy generation and energy demand 
http://savingmenow.blogspot.se/



http://www.ethlife.ethz.ch/archive_articles/121105_klimamodelle_fb/index_EN.html

One challenge in the impact assessment of 
climate change is dealing with uncertainties. 



http://www.ethlife.ethz.ch/archive_articles/121105_klimamodelle_fb/index_EN.html

There exist several models and several probable 
scenarios for future climate and none of them is 
more valid than the other.



Graphs are from: R. Knutti and J. Sedláček, ‘Robustness and uncertainties in the new CMIP5 climate model projections’, 
Nat. Clim. Change, vol. 3, no. 4, pp. 369–373, 2013.

Emissions Scenarios Representative Concentration Pathways (RCPs) 

For example, there are 4 greenhouse gas concentration trajectories - known as 
Representative Concentration Pathways (RCPs) - adopted by the IPCC for its fifth Assessment 
Report (AR5). Previously, there were several Emissions Scenarios by Special Report on 
Emissions Scenarios (SRES).



More than that, there are several;

• Global Climate Models (GCMs)
• Regional Climate Models (RCMs)
• Initial Conditions
• Spatial Resolutions 
• …..

This results in



http://www.ethlife.ethz.ch/archive_articles/121105_klimamodelle_fb/index_EN.html

Several probable future climate scenarios 

Considering long time periods and high 
temporal resolutions 



http://www.ethlife.ethz.ch/archive_articles/121105_klimamodelle_fb/index_EN.html

Another challenge in the impact assessment of 
climate change is dealing with large data sets



How to decrease the calculation load (length and number of simulations) while 
the effects of climate change are not underestimated? 
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How to decrease the calculation load (length and number of simulations) while 
the effects of climate change are not underestimated? 

Climate change results in more frequent and stronger extreme conditions. 
Typical climatic conditions mostly neglect those extreme conditions.  



How to decrease the calculation load (length and number of simulations) while 
the effects of climate change are not underestimated? 

This work suggests a method to perform the impact assessment using three sets 
of weather data (synthesized based on the original 30-year RCM weather data 
sets):
1. Typical Downscaled Year (TDY)
2. Extreme Cold Year (ECY)
3. Extreme Warm Year (EWY)



The method is similar to TMY, however it only uses the outdoor temperature for 
comparing the distributions. 

Three sets of weather data are selected based on having the minimum absolute 
difference (for typical weather data set) and maximum positive/negative 
differences (for extreme weather data sets) for their cumulative distributions.



The whole procedure of the impact assessment will become:



Having one or several climate scenarios for each 30-year period



Combining all the climate scenarios (in the case 

of interest and having several scenarios)



Checking the CDF distributions



Creating one typical and two 
extreme weather data sets



Running energy simulations using the 
three synthesized weather data sets 



Assessing Results



Considering all the three data sets (one typical and two extremes) results in having 
distributions very similar to the original RCM data (complete set of Nx30 years)



Energy simulation results 



Energy simulation results 

Very similar distributions without neglecting extremes 
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Simulation results, using the three sets of data, cover the whole range of the original 
long-run simulations. Moreover, the hourly variations represent the original data, 
which is important for assessing extreme conditions.



For the cumulative energy profiles, only the TDY results are valid, the extremes 
represent the pessimistic conditions (e.g. if extreme goes on for the whole year).



Conclusions

 The method suggests synthesizing three weather data sets for each 30-year
period, representing typical (TDY) and extreme conditions (ECY and EWY).

 The three weather data sets can be synthesized based on one climate scenario or
more than one.

 By considering several scenarios in synthesizing the weather data sets, it is
possible to have a scientifically valid assessment while keeping the number of
simulations much lower than working with the original RCM data sets.

 TDY represent the most probable conditions while ECY and EWY define the
extreme conditions which can be considered for the resilient design of buildings
and energy systems.

 It is possible to use the synthesized weather data sets in the energy simulations
and produce reliable results, representing valid distributions as well as the hourly
variations.



Conclusions

 The distributions, profiles and variations of temperature, heating and cooling
demand are very similar to the original RCM data.

 Considering TDY, ECY and EWY together (Triple) results in having estimations very
similar to the cases where the original weather data sets are used.

 Using the suggested synthesized weather data sets has the advantage of
decreasing the number of simulations extensively while it does not neglect
extreme conditions.



Thank you




