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Introduction Model Projected Change Projected Impact on Building Energy
Typical climate conditions for the 20" Century may not provide adequate design Model (tTeOrffrlg) D(fg/bllil)b D(eo\,lzv'/oﬂ?t R(Q/u)m (Arclrl:]rg) (inﬂeisfnrﬁar) (m Y,V/Sffs-l) (d\évfégs) (ii';eﬂﬁq) COnsumpthn

parameters for the built environment of the 21* Century due to a rapidly changing CRCM-CCSM 005 | 5187288 | 5677315 | 205 | 149 | 00147048 | 0.09/004 | 651 | 0.0871.96 . o .
climate. The conventional practice in the engineering community for incorporating CRCM-CGCM3 011 E85/325 | 454250 5 15 120 0.003/009 1 -004/002 | 433 0.05/ 130 Building energy consumption is influenced by many design and
climate data into building design is to use the “Typical Meteorological Year” (TMY), a HRM3-HadCM3 -0.25 480/267 | 337/187 284 0.92 0022/-073 | -002/-001L | 1572 029/734 operational factors, but weather data plays a major role. As Huang
site-specific database of typical hourly values of climate developed by Wilcox and MM5I-CCSM N/A 3.67/2.04 | 4.15/2.30 1.12 1.02 0.013/0.45 | -0.10/-0.04 -4.20 0.38/9.76 (2006) points out, multiple researchers have taken a variety of
Marion based on observed conditions from the National Solar Radiation Data Base and RCM3-CGCM3 N/A 4.61/2.56 | 4.27/2.37 | -0.04 1.07 0.004/0.14 | -0.17/-0.08 | -6.48 | 0.20/5.04 approaches in the past twenty years to estimate potential impacts
meteorological data for 1976-2005 from NCDC. This TMY database enjoys wide use in REMS-GFDL /A ol o) || ol ol 0.05 Dcle 0.015/051 | -0.08/-0.04 1.84 0.20/5.03 of changing climate. Using advances in climate science, climate

. . . e . WRFG-CCSM 0.16 4.87/2.71 | 5.19/2.88 1.19 1.03 0.020/0.68 | -0.18/-0.08 | -3.58 0.25/6.27 . . . .

building design and alternative energy applications. We propose an alternative method WREG-CGCM3 N/A 3227179 | 398/ 184 184 0.96 0.010/034 | 014/006 057 0.12 /306 modeling as well as energy modeling and simulations Crawley
that uses regional climate models under the North American Regional Climate Change Mean projected change 006 | 452/251 | 436/242 0.10 1.09 0007/025 | -007/-003 101 020/4.97 (2003) was among the first to create modified hourly weather files
Assessment Program (NARCCAP) to produce scenarios of future typical meteorological SD of models’ change 0.17* 0.85/0.47 | 0.76/0.42 1.80 0.19 0.013/0.44 | 0.10/0.05 7.33 0.11/2.84 from gridded global climate results as input files for energy
years for the middle of the 215t Century. SD of 20t C obs 0.83 1.66/0.92 | 2.11/1.17 3.21 0.42 0.016/0.54 | 0.54/0.24 14.80 | 6.70/170.10 simulation software for 25 global locations. Huang (2006) followed

using the same method for 18 US climate zones and prototypical
residential and commercial buildings, while Xu et al (2009)
focused on the impact on the state of California finding increases
In cooling loads for 2100 of about 50% for the worst case IPCC
carbon emission scenario (A1F1) and still 25% with the most likely

A total of nine variables are evaluated Iin this study — total sky cover, dry-bulb carbon scenario (A2). Heating loads would decrease significantly

temperature, dew-point temperature, relative humidity, absolute humidity, pressure, Global climate models used include the Community Climate System Model (CCSM), the Third Generation Coupled Global Climate Model under all §cenarlos I.eavmg .the overall annual aggreg"_ited. en_ergy
wind speed wind direction. and precipitation (CGCMB3), the Hadley Centre Coupled Model version 3 (HadCM3), and the Geophysical Fluid Dynamics Laboratory GCM (GFDL). Regional consumption onIy S|Ight|y hlgher than today. But the |mpllcat|ons
’ ’ ' Ic\:/llimate rriodl\jlsdulsel\cj”i;]g:uc{; thFe; anacllif(a:rlw_ Retgiol\r/ialdcllimat(_e Mgdiel((:(liﬂF;CM)’cmﬁ Hva\lldlet%]Regional Mr(])(;ellz?: (HRI\iI_B), tl\r/]ledP?UV/VNRCIZ:A(\;R for building systems and electrical power supply would be

esoscale Model (MMSI). the Regional Climate Model version 3 (RCM3), and the Weather Research & Forecasting Model ( ) significant and therefore further research and verification are

necessary.

Table 1. NARCCAP average projected climate change for Mason City, lowa. Comparison of the bottom

Data and Methodol ogy three rows for each variable shows that the models produce climate change values exceeding both
natural variability of the 20" Century and inter-modal variability in projected climate change for dry-bulb
temperature, dew-point temperature, and absolute humidity (highlighted).

We first assess whether the TMY data for our selected site (Mason City, lowa) are,
Indeed, “typical” compared to observations. We computed monthly and hourly averages
of each variable using the current TMY3 data set and compared them to the 1976 to Seasonal and Diurnal Ch anges
2005 base period of observations using NCDC data. (Results not shown revealed that
the differences were generally quite small — less than the monthly standard deviation in

all months and all variables except relative hum|d|ty pressure and precipitation) . CRCM-CCSM January Projected Temperature Change CRCM-CCS5M July Projected Temperature Change
’ ’ . 10 10
9 - 5 g - C I .
Next we use reanalysis-driven runs of five NARCCAP regional climate models to £ s w (g |E E onclusions
. . . . . a 7 -4 g g 7 .____.____.___."‘EI——-—g__._- 1o
evaluate their skill in reproducing TMY3 data. Data were compared with the TMY3 5 A5 . & | _ _ -
months through both monthly and 3-hourly averages. Comparing data in this way g s BRI M‘\\ B X TMY3 data is rep_re_ser_1tat|ve of (except for relative _h_umldlty,
clearly shows the bias structure for each model. 3 4 LB [E 4 - pressure, and precipitation) the 30-year observed conditions.
a 3 2 a2 3 a . . . : :
f —e=onbub | S| |5, —==orbulb | S X While each model and variable has its own unique bias
We then use NARCCAP data to evaluate monthly climate change in seven 1 —==Dewpoint . —#—Dewpoint structure, the NARCCAP models are generally able to
meteorological variables used in building design. The significance of these changes is P L R ’ ’ - - - - ! - ! ° reproduce the TMY3 data.
. . . . . U 6 : : : : 0 3 & 9 12 15 18 21
a_ssessed by comparison to mt_erannual variability of the current cll_mate at the selected a) Hour {LST) b) Hour (LST) 2 The NARCCAP models produce significant changes in dry-bulb
site. Four NARCCAP global climate models (GCMs) and flve r_eglonal chmape models temperature, dew-point temperature, and absolute humidity.
(RCMS) were used, represented by each model's closest gl’ld point to Mason City. CRCM-CCSM January Projected Relative Humidity Change CRCM-CCSM July Projected Relative Humidity Change X Additional Signiﬁcant Changes IN climate variables occur when
lﬂ 18 examining model projections on seasonal and diurnal levels.
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a ° a © X Further research and verification of the impact of climate
Results £’ o g’ change on building design is necessary.
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Lg‘ o e Figure 4: Seasonal changes in the diurnal patterns of temperature and humidity for the CRCM-CCSM
E s N 12 8 model for Mason City, lowa. (a,c) January temperature changes project an increase in relative humidity. This study is currently being expanded to include more locations.
£ 40 e o 3 (b,d) July temperature changes project a decrease in relative humidity. Projected July temperature With a grant from the Center for Global and Regional
- -2 . — . - : . :
2 39 SO 2 changes are more than twice the standard deviation (natural variability) of the last 30 years. Environmental Research (CGRER) we will examine the 16
2 20 / . = different climate zones used In the creation of the U.S.
Q ./-{ - 6 a . .
10 Department of Energy (DOE) reference buildings. Also, energy
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