
What are weather forecast models? 

Weather forecast models are computer programs that can help predict what the 
weather will be in the future, any time in the future from an hour to ten days out 
and even months ahead. 

These forecast models take current weather observations collected from 
thousands of locations (such as wind speed, wind direction, air temperature, 
pressure, etc.), make an estimate about the current weather for locations where 
no actual data exists, and then use math and physics equations to predict what 
will happen in the future. 

Below is an image from the "GFS" forecast model showing areas of high and low 
pressure as well as precipitation. We can use an image like this to know where 
storms may be at a point in the future. 

 

https://files.opensnow.com/News/2019/09-September/Weather-Models-Explained-GFS-v2-2.gif


There are many forecast models that cover the globe or smaller regions, and 
each model is developed with its own formulas in an attempt to be the most 
accurate. 

Models that cover the entire globe 

Two of the more well-known/used weather models are the European Center for 
Medium-Range Weather Forecast (ECMWF) a.k.a. the "Euro" model, and the 
United States' Global Forecast System (GFS) model. Both of these models cover 
the entire globe. 

GFS 

• Global Forecasting System 
• Produced by the US Government 
• Covers the entire globe 
• Forecasts out to 384 hours (16 days) 
• Updates 4x per day 
• Model resolution of 13km 
• Average accuracy score lags the ECMWF (but every storm is different) 
• Cost = freely available to anyone 

ECMWF 

• European Center for Medium-Range Weather Forecasts 
• Produced by a group of European Governments 
• Covers the entire globe 
• Forecasts out to 240 hours (10 days) 
• Updates 2x per day 
• Model resolution of 9km (more detailed than the GFS) 
• Average accuracy score makes it the best model (but every storm is 

different) 
• Cost = $250,000 for commercial license to host data. Personal license is 

available to access data with an individual subscription (see Paid Forecast 
Model Websites below). 

Models that cover a smaller area 

Then there are mesoscale (fine-scale) models, which hone in on more specific 
regions and tend to be able to forecast really small weather features better than 
the global models, like thunderstorms or snowfall within steep mountains. 



The two most popular U.S. mesoscale models are known as the North American 
Mesoscale Forecast System (NAM) and the High-Resolution Rapid Refresh 
(HRRR) model. 

NAM 

• North American Model 
• Produced by the US Government 
• Covers the United States 
• Two versions: Standard and High-Resolution 
• Standard = 12km resolution for North America out to 84 hours (3.5 days) 
• High-Resolution = 3km resolution for the United States out to 60 hours (2.5 

days) 
• Cost = freely available to anyone 

HRRR 

• High-Resolution Rapid Refresh 
• Produced by the US Government 
• Covers the United States 
• Forecasts out to 18 hours 
• Updates once every hour 
• Model resolution of 3km 
• Cost = freely available to anyone 

Examples model forecasts 

Weather models provide gigabytes of forecast data each time that they run. What 
we often show, and what you often see, are graphics and charts that are created 
from this underlying data. Here are some examples.  

A 16-day snow forecast for the United States and southern Canada from 
September 24 – October 10, 2019, from the American GFS model. 



 

A 16-day precipitation forecast for the United States and southern Canada from 
September 24 – October 10, 2019, from the American GFS model. 
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A 16-day forecast for the weather pattern at about 18,000 feet. Blue colors help 
to identify storm systems. This is for the United States and southern Canada 
from September 24 – October 10, 2019, from the American GFS model. 
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Why do different models provide different forecasts?  

First, forecast models differ in how they collect the current weather conditions 
across the globe. Even with a sophisticated measurement network including 
satellites, radars, weather balloons, ground-based weather stations, planes and 
ships, forecast models must make assumptions to fill in the gaps between actual 
weather observations, in places like oceans, large forests, deserts, etc. 

Second, forecast models differ in the math and physics equations that they use 
to move from the current condition of the atmosphere and turn that into a weather 
prediction. Small changes in these equations can lead to rather substantial 
differences in forecasts. 

And third, forecast models have different levels of detail (resolution) and can 
struggle to properly account for steep terrain like the mountains where we ski and 
ride. This is where a local forecaster can help because they can adjust the model 
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forecasts based on their experience of seeing when the model does a good job 
versus times when the model is less accurate. 

All of these factors play a roll in creating different forecast outcomes even though 
the models are starting with mostly the same information about the current state 
of the atmosphere. 

Which forecast model is the most accurate? 

Below is a chart showing the accuracy scores for 5-day forecasts for the northern 
hemisphere from several of the commonly used forecast models over the past 23 
years. 

The ranking from most skillful to least skillful is based on the one-year average 
accuracy of five-day forecasts. A higher number means that the model is more 
accurate. All four of these models cover the globe. While any model can more 
accurately predict a single storm, the European model has been and continues to 
be the most accurate. 

1. European Model (ECM = 0.920) 
2. British Model (UKM = 0.902) 
3. American Model (GFS = 0.888) 
4. Canadian Model (CMC = 0.883) 



 

What are ensemble forecast models? 

Forecast models provide imperfect predictions because we do not know the 
current weather for every place on earth and because we do not know the perfect 
math and physics equations to use in these models. 

To account for both of these shortcomings, models are run many times with 
slightly different current weather conditions and equations. This produces a 
range, or ensemble, of many forecasts rather than a single forecast. 
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If the range of forecasts is small, we have greater confidence in the prediction. If, 
however, the range of forecasts is large, then the confidence in the forecast is 
much lower. 

For example, the GFS ensemble forecast model is made up of 21 versions, each 
of which uses slightly different current conditions. And the ECMWF (European) 
ensemble forecast model has 51 versions. All of these model runs can be 
averaged together (a "mean" model) which can provide a more accurate 
forecast.  

Summary 

Weather forecast models are a guide to the future, but forecast models are only 
one part of a weather forecasters toolkit. To create a prediction, forecasters use 
a combination of models, experience in understanding the model's biases, and 
knowledge of the fundamentals of meteorology. 

Each model has its own pros and cons. Most forecasters will look at several 
models and will take into account their own experience with the models as it 
pertains to their region when making a forecast. They should also tell you their 
uncertainty when the models disagree. 

The forecasts made by the models are usually most accurate within 1-5 days, 
and then they lose accuracy the further out in time they go. This is because of 
the chaotic nature of weather, in which very small uncertainties in the current 
state of the atmosphere have a "butterfly effect" on the future. 

Weather models have become more accurate over the last few decades, but are 
still far from perfect. As computer technology and scientific knowledge improve, 
the models will become more sophisticated continuing to lead towards more 
accurate forecasts. 

  

Free Forecast Model Websites 

NOAA - National Weather Service 

TropicalTidbits.com 

Paid Forecast Model Websites 

AccuWeather.com 

https://www.ecmwf.int/en/about/media-centre/fact-sheet-ensemble-weather-forecasting
https://www.ecmwf.int/en/about/media-centre/fact-sheet-ensemble-weather-forecasting
https://mag.ncep.noaa.gov/model-guidance-model-area.php
https://www.tropicaltidbits.com/analysis/models/
https://wwwl.accuweather.com/pro_login.php


WeatherBell.com 

WeatherModels.com 

 

http://models.weatherbell.com/
https://weathermodels.com/

