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Weather Models 101

213,000 Trillion calculations per second!

Numerical weather 
prediction involves the 
use of mathematical 
models of the 
atmosphere to predict 
the weather.
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History of Numerical Weather Prediction

The roots of numerical weather prediction can be 
traced back to the work of Vilhelm Bjerknes, a 
Norwegian physicist who has been called the 
father of modern meteorology.  

In 1904, he published a paper suggesting that it 
would be possible to forecast the weather by 
solving a system of nonlinear partial differential 
equations.

Vilhelm Bjerknes



National Weather Service - Boston, MA

History of Numerical Weather Prediction

A British mathematician, Lewis Fry Richardson, 
spent three years developing Bjerknes’s 
techniques to solve these equations.  

Armed with no more than a slide rule and a table of 
logarithms, and working among the World War I 
battlefields of France where he was a member of 
an ambulance unit, Richardson computed a 
prediction for the change in pressure at a single 
point over a six-hour period.  

The calculation took him six weeks, and the 
prediction turned out to be completely unrealistic, 
but his efforts were a glimpse into the future of 
weather forecasting.



National Weather Service - Boston, MA

History of Numerical Weather Prediction

Richardson foresaw a “forecast factory,” where 
he calculated that 64,000 human “computers,” 
each responsible for a small part of the globe, 
would be needed to keep “pace with the 
weather” in order to predict weather conditions.  

They would be housed in a circular hall like a 
theater, with galleries going around the room 
and a map painted on the walls and ceiling.  A 
conductor located in the center of the hall 
would coordinate the calculations using 
colored lights.
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History of Numerical Weather Prediction

John von Neumann, the developer of that first computer 
(called the ENIAC), recognized that the problem of 
weather forecasting was a natural for his computing 
machinery.  

In 1948, he assembled a group of theoretical 
meteorologists at the Institute of Advanced Study in 
Princeton, New Jersey.  The group was headed by Jule 
Charney, who had done extensive work on developing a 
simplified, filtered system of equations for weather 
forecasting.  His group constructed a successful 
mathematical model of the atmosphere and 
demonstrated the feasibility of numerical weather 
prediction.
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History of Numerical Weather Prediction

The first one-day, nonlinear weather prediction 
was made in April, 1950. 

Its completion required the round-the-clock 
services of the modelers, and, because of 
several ENIAC breakdowns, more than 24 
hours to execute. 

However, this first forecast was successful in 
proving to the meteorological community that 
numerical weather prediction was feasible.
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History of Numerical Weather Prediction

By 1954, both modeling capability and 
computer power had advanced to a point 
where the possibility of real-time operational 
numerical weather prediction was under active 
consideration in Europe and the United States.

On July 1, 1954, the Joint Numerical Weather 
Prediction Unit (JNWPU) was organized, 
staffed, and funded by the U.S. Weather 
Bureau, the U.S. Air Force, and the U.S. Navy.

This new unit was given the mission to apply 
emerging computer technology to the 
operational production of weather forecasts.

Fred Shuman (left) and Otha Fuller, circa 1955 at 
the IBM 701. The 701 was the first computer used 
by the JNWPU to produce operational numerical 
weather prediction.
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History of Numerical Weather Prediction

A progression of more and more powerful 
computers procured by the National Weather 
Service throughout the 1960s and 1970s as well as 
increasing sources of data—particularly from 
weather satellites—allowed the expansion of both 
the domains and the number of models run. 

Increases were also made in the number of vertical 
levels and the horizontal resolution of the models. 
A three-layer hemispheric model was introduced in 
1962 and a six-layer primitive equation model 
appeared in 1966.  Additional atmospheric layers 
allowed more accurate forecasts of winds and 
temperature, resulting in better prediction of storm 
motion.
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What Are Weather Models?
Model Does the Math For Us
● Initial Conditions
● Runs Equations
● Graphical Output

Global models typically run 4 
times a day

Models have different 
resolutions, initial conditions, 
parameterizations, and 
schemes that make output 
differ. 
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Model “Domains”

Each model is run for a specific area, in 
order to focus on certain weather features

Global models: entire globe or hemisphere

Regional models: smaller sections, like 
countries (U.S.)

Mesoscale models: even smaller sections, 
like parts of the country (Northeast)
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Model “Domains”

Global models: 

Focus on larger scale features such as jet 
streams, tropical cyclones, and others that 
affect a large portion of the globe.

The input initializes regional models, in order 
to give them a “starting point” for a forecast, 
and also feeds climate models which provide 
forecasts out several weeks in time.
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Model “Domains”

Regional models: 

Able to provide more detail with larger scale 
systems such as winter storms, tropical 
cyclones, and severe weather.

The input initializes mesoscale models, in 
order to give them a “starting point” for a 
forecast.
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Model “Domains”

Mesoscale models: 

Able to provide more detail with smaller 
scale systems such as rain/snow lines, 
supercells, and sea breezes,

They are typically run at least once per hour 
and can provide forecasts at very high 
resolution.
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Model Resolution

● Higher resolution = greater precision (more grid boxes over a given area)
● A higher resolution model has a smaller grid size and can forecast 

smaller-scale features better than a lower resolution model
● A 12km model (NAM) is lower resolution than a 2 or 3 km model (HRRR)
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Model Output

● Maps

● MOS (Model Output Statistics)
○ Developed by the NWS in 1965 and 

forecasts first issued from it in 1968.
○ Given its long history and continuous 

improvement, it is still one of the most 
valuable forecast tools 

○ Consistently performs better than “raw” 
model guidance
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Global Models - GFS and ECMWF

● Forecasts  384 Hours (16 Days)
● Resolution: 13 km (8 miles) horizontal,    

64 vertical levels
● Country/Organization: U.S. NOAA, NCEP

● Forecasts  240 Hours (10 days)
● Resolution: 9 km horizontal (5.5 miles),   

91 vertical levels
● Country/Organization: European Centre for 

Medium-Range Weather Forecasting

0
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Global Models - Canadian and UKMET

● Forecasts  240 Hours (10 days)
● Resolution: 15 km horizontal (9 miles),    

84 vertical levels
● Country/Organization: Environment and 

Climate Change Canada

● Forecasts  144 Hours (6 days)
● Resolution: 10 km horizontal (6 miles),    

70 vertical levels
● Country/Organization: United Kingdom 

Meteorological Agency

0
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Other Models - NAM and 3km NAM

● Forecasts  84 hours (3.5 days)
● Resolution: 12 km horizontal (7.5 miles), 

60 vertical levels
● Country/Organization: U.S. NOAA, NCEP

● Forecasts  60 hours (2.5 days)
● Resolution: 3 km horizontal (2 miles),      

70 vertical levels
● Country/Organization:  U.S. NOAA, NCEP

0
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Other Models - RAP and HRRR

● Forecasts  36 hours 
● Resolution: 13 km horizontal (8 miles),    

50 vertical levels
● Country/Organization: U.S. NOAA, NCEP

● Forecasts  36 hours
● Resolution: 3 km horizontal (2 miles),      

50 vertical levels
● Country/Organization:  U.S. NOAA, NCEP
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Ensembles

Ensemble Forecast Systems (EFS) use initial 
condition sensitivity, model estimates and errors, or 
both, to tease out potential forecast outcomes.
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Ensembles

Each member of the ensemble has 
a unique representation in the 
range or “envelope” of outcomes.

Ensembles are especially useful in 
forecasting the probability of 
high-impact events, and clustering 
of members around two or more 
forecast outcomes.



National Weather Service - Boston, MA

Global Ensembles

GFS: 31 members

ECMWF: 50 members

Canadian: 20 members
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High Resolution 
Ensembles

SREF: 26 members

HREF: 10 members
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Warn On Forecast System

Uses output from high-resolution 
ensembles and models to provide 
severe weather guidance in real 
time



National Weather Service - Boston, MA

SSCRAM
Statistical Severe 
Convective Risk 
Assessment 
Model

Similarly, uses output 
from HRRR to provide 
severe weather 
guidance in real time
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The Future of Modeling: Unified Forecast System 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

UFS Medium-
Range

(Weather,
Marine, 

Cryosphere)

UFS
Analysis

UFS 
Subseasonal
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Join Us For “Weather Models 202”
Precipitation Type and Snowfall

Tuesday, March 1
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Questions?

Matthew.Belk@noaa.gov


