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Regional Climate Modeling 
Use of climate models in societal  

and ecological applications 



WRF: Weather Research Forecast Model 
Open Source Limited Area Atmospheric Model 

 
WRF solves the equations of motion for the evolution of winds, 

temperature, and moisture on a grid. 



Climate Models circa early 1990s Current global climate models   

                                        

Regional models Global models in 5-10 yrs? 



NCAR 

Resolving Precipitation in Complex Terrain 
The Colorado Headwaters Project 

Roy Rasmussen / NCAR 
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NCAR 

Resolving Precipitation in Complex Terrain 

Accumulated SNOTEL Precipitation 

36 

18 

6,2 Observed 

Roy Rasmussen / NCAR 



Multi-decadal Regional Climate Predictions of High-

Impact Weather Over North America  & the Caribbean 

12 km 

36 km 

4 km 

4 km 

• Global Model: 3 Ensembles from 1950-2060 

• NRCM: 1995-2005 Obs,   1995-2005, 2020-2030, 2045-2055,  

• 3 ensembles at 36km, 1 at 12 km, specific cases at 4 km. 

• Use of statistical downscaling to fill in intermediate periods 
Holland - NCAR 



NCAR 

 NCAR WRF:  WRF-Hydro, WRF-Fire, 

WRF-Hurricane, WRF-Chem, WRF-Crop 

WRF Chem predicting CO concentrations across US  

based on known emissions and prevailing weather 

(Barth 2010) Barth 

 NCAR 



Regional Climate Simulation for 2046 

Holland-  NCAR 



NCAR 

CORDEX  
COordinated Regional Downscaling EXperiment 

• 12 domains with a resolution of 0.44° (approx. 50x50km²) 

• Focus on Africa 

• High resolution ~0.22° & 0.11° for some regions (optional) 



CORDEX Caribbean domain 

Includes the North 

America monsoon core, 

but not northern extent. 

Does not include the Bolivian high 

Extends almost 

to the African 

coast 

Ray Arritt  

 Iowa State 

University 



CORDEX South America domain 

SACZ 

parts of the continent are 

close to the boundaries 

Ray Arritt  

 Iowa State 

University 



Harnessing more wind energy   

Standard forecasts weren’t built 

for energy prediction 

NCAR’S pinpoint  

forecast system 
 

 



Xcel Energy Service Areas 

Wind Farms (50+) 

3585 Turbines (growing) 

4842 MW+ (wind) 

~11% Wind 

(highest in continental US) 
 
 

 

 

3.4 million customers 

(electric) 

Annual revenue $11B 

Provides good geographical diversity for research and testing 



Wind Energy Ramp Event 

Small convective cells 

Larger front 

2 hours 

800 MW Ramp 

David Johnson 



Example: Wind Energy Forecasting  
 

Xcel Energy 

Every 10 minutes  
From: Nov.14, 2008 23:00 
To:   Nov.15, 2008 19:00 

Grid spacing = 370 m 

Cedar Creek 
Wind Farm 

15 

Wind Speed Variability (m/s) 



July 11, 2002 — It's now official: El Niño is back. It's  not the powerful, climatic juggernaut 
of 1997-98, but a milder, weaker version that may begin affecting  weather in the United 
States by Fall 2002, according  to NOAA's National Weather Service.  

The agency's climate experts today said mature El Niño conditions likely will develop in a 
few months. In its latest El Niño/Southern Oscillation Diagnostic Discussion, NOAA 
scientists said weather conditions in the tropical Pacific Ocean, including consecutive 
months of warmer-than-normal sea-surface temperatures and abnormally heavy rainfall in 
areas of South America, met NOAA's threshold to be classified as an El Niño. 

EL NIÑO MAKES ITS OFFICIAL RETURN, NOAA 
REPORTS 

Bad use of information 









NOAA ANNOUNCES THE RETURN OF EL NIÑO 

   
Sept. 10, 2004 — NOAA declared today that El Niño is back but 
this time around in a weaker state. "El Niño conditions have 
developed in the tropical Pacific and are expected to last 
through early 2005," said Jim Laver, director of the NOAA 
Climate Prediction Center. "At this time it is not clear what, if 
any, impacts this event will have on ocean temperatures in 
the classical El Niño region along the west coast of South 
America and on temperature and precipitation in the United 
States." 

http://www.noaa.gov/
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/
http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/
http://www.noaanews.noaa.gov/stories2004/images/elnino090704b.jpg




El Universo – Mayo 2009 
 
Sondeo 

¿Cree usted que son confiables los reportes meteorológicos del Inocar (Instituto 
Oceanográfico de la Armada) y del Inamhi (Instituto Nacional de Meteorología e 
Hidrología).? 
No conoce el tema: 5% 
SÍ confía: 35% 
NO confía: 60% 
 
"Han fallado bastante, tienen que poner técnicos especializados que den mayor seguridad a sus 
pronósticos y darles oportunidad para que no emigren". 
Alfonso Sarmiento, 54 años, empresario.Milagro 
No tiene conocimiento del tema. 
Raúl Álava, 23 años, radio técnico.Esmeraldas 
"No son confiables, he comprobado en muchas oportunidades que los reportes son errados y 
tienen muchas falencias". 
Hugo Rea, 56, profesor.Esmeraldas 
"No creo en los reportes meteorológicos". 
Florencia Plaza, 34 años, ama de casa.Esmeraldas 
"No creo en esos pronósticos del tiempo". 
Nancy Santacruz, 51 años, ama de casa.Guayaquil 
"Algunas veces sí en otras no porque no dicen nada concreto y no son confiables al 100% ". 
Ivonne de Delgado, 47 años, contadora.Guayaquil 



Comparison of Three Drought Cases in NE Brazil  
1987 (no action taken according to climate forecast) 
1992 (full action taken according to forecast and monitoring) 
1993 (full action taken according to forecast and monitoring)  
 

Year 
Precipitation 

(% of mean) 

Grain 

Production 

(in metric 

tons) 

Grain 

Production 

(% of mean) 

1987 70% 100,000 15% 

1992 73% 530,000 82% 

1993 60% 400,000 62% 





SOURCE ESTIMATED 

AMOUNT 

Total Losses: 

•Human lives lost 

= 189 

•Economic losses 

and costs = 4.2 - 

4.5 billion 

•Property Losses 

 

•Federal government relief 

costs 

•State costs 

•Agricultural losses 

•Lost sales in housing and 

snow-related equipment 

•Losses in the tourist 

industry 

•$2.8 billion (insured 

losses: $1.7 billion) 

•$410 million 

 

•$125 million 

•$650-700 million 

•$60-80 million 

 

•$180-200 million 

1997-1998 ENSO COST-BENEFIT TALLY (Stanley,2000) 



SOURCE EST. AMOUNT 

Total Gains: 

 

Loss of human life 

avoided = -850 

•Economic Gains 

= $19.6-19.9 

billion 

•Reduced heating costs 

•Increased sales merchandise, 

homes, and other goods 

•Reduced costs for snow/ice 

removal from roads 

•Reduction in normal losses 

because of lack of snowmelt 

flood and Atlantic hurricanes 

•Income from increased 

construction and related 

employment 

•Reduced costs to airline and 

trucking industry 

•$6.7 billion 

•$5.6 billion 

 

•$350-400 million 

 

•$6.9 billion 

 

 

•$450-500 million 

 

 

•$160-175 million 

1997-1998 ENSO COST-BENEFIT TALLY (Stanley,2000) 


