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Finding the first 
Soviet Nuclear 
Test Site in 1949
● The Special Projects Section of 

the U.S. Weather Bureau was 
established in 1948 

● 1st major task: Find the first 
Russian nuclear test site Using 
back-trajectories from aircraft 
measurements of radioactivity

● The estimated and actual 
location was ~5% of the 
trajectory distance, much 
smaller than the typical ~20%

● Special Projects Section 
became the NOAA Air 
Resources Laboratory (ARL)

Lester Machta, 1992: Finding the Site of 
the First Soviet Nuclear Test in 1949.
Bull. Amer. Meteor. Soc., 73, 1797–1806
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ARL Nuclear Testing Fallout Predictions 

https://en.wikipedia.org/wiki/Nuclear_weapons_testing

Trinity test, 1945 “Baker Shot”, at Bikini Atoll, 1946 Castle Bravo test, 1954

Modeling of a typical 
mushroom-shaped 
nuclear cloud 
(Heffter, 1969) 



Department of Commerce // National Oceanic and Atmospheric Administration // 4

Hand drawn 
trajectories

MESODIFF
Segmented Gaussian 

puff

Gaussian Model

Trajectories + Gaussian 
Plume

HYSPLIT 1
Trajectories and 

splitting puffs

HYSPLIT 2

HYSPLIT 3
Gridded 

meteorological data

HYSPLIT SV
PCDD/F

HYSPLIT Chem
Ozone

HYSPLIT GEM
Lagrangian to 

Global Eulerian

STILT 
Stochastic time 

inverted 
Lagrangian
transport

HYSPLIT Hg

HYSPLIT 4

HYSPLIT 5

READY web application

GUI

1940 20101950 1960 1970 1980 1990 2000 2020

HYSPLIT-
WRF inline

HYSPLIT Model Development

Models which influenced HYSPLIT

Early Versions of HYSPLIT

Modern versions of HYSPLIT

Specialized Versions of HYSPLIT

Models derived from HYSPLIT
“The HYSPLIT model- Tracing its 
evolution and path to success” 
by Alice Crawford, adapted from 
Stein et al. (2015)

HYSPLIT has been under development at 
NOAA ARL for 75 years, but it first began 
being called “HYSPLIT” about 40 years ago
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Nuclear Power Plants And Accidents

Number of generating and under construction civilian fission-
electric reactors, over the period 1960 to 2021. 
https://en.wikipedia.org/wiki/History_of_nuclear_power

https://en.wikipedia.org/wiki/Chernobyl_disaster

Three Mile Island (PA, USA) 
Accident on March 28, 1979.
https://en.wikipedia.org/wiki/Th
ree_Mile_Island_accident

Thyroid cancer incidence in 
Belarus. Ages 19-34 (yellow), 
15-18 (blue), 0-14 (red). 

Chernobyl Disaster
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World Meteorological Organization (WMO)’s Regional Specialized 
Meteorological Centers (RSMC) for Nuclear Emergency Response 

ARL, together with NOAA NWS NCEP, are designated by the WMO as the 
Washington Regional Specialized Meteorological Centre (RSMC) for nuclear 
emergency responses, beginning in 1993 and formalized in 2007.
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RSMC Emergency Response Activities
Exposure

Depositions Time of Arrival

Trajectories
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Fukushima Nuclear Accident - HYSPLIT modeling
Unit 3 after the explosion on 15 March,  2011HYSPLIT Cs-137 local deposition verification
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TCM Approach For Source Term Estimation

Transfer Coefficient Matrix (TCM)

Improving volcanic ash predictions with the HYSPLIT dispersion 
model by assimilating MODIS satellite retrievals, Atmos. Chem. 
Phys., Chai, T. et al., 17, 2865-2879, 2017. 
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Volcanic Ash Application- Kasatochi eruption
MODIS HYSPLIT w/ GDAS HYSPLIT w/ ECMWF

Source term estimation using air concentration measurements and a 
Lagrangian dispersion model–Experiments with pseudo and real cesium-137, 
T Chai, R Draxler, A Stein – Atmos.  Environ., 2015
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NOAA Backtracking Support to Comprehensive Nuclear-
Test-Ban Treaty Organization (CTBTO) Using HYSPLIT

ARL developed HYSPLIT-based software operational since 2014 

• In case of anomalous radionuclide measurements, CTBTO 
Executive Secretary and the Secretary General of WMO, the 
CTBTO Provisional Technical Secretariat (PTS) will  request 
ATM computations from WMO Centres in near-real-time

• Supporting centers will provide model results to CTBTO 
within 24 hours.
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Forecasts For Potential Ukraine Accidents 

A TCM forecasting system has been 
running at NOAA ARL since March 2022
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Collaborations
● Working with other national agencies for nuclear 

emergency preparedness and response
○ Working with Sandia National Lab and US Nuclear Regulatory 

Commission (NRC), integrated HYSPLIT dispersion model into its 
MELCOR Accident Consequence Coe System (MACCS) in 2022

○ Assisting Air Force Technical Applications Center (AFTAC)
○ Collaborating with US EPA for a nuclear inverse modeling 

system
● Participated in three international challenges to 

model the long-range transport of radionuclides
● Participated in the 1st Nuclear Explosion Signal 

Screening Open Inter-Comparison Exercise 2021
● Assisting many researchers in their nuclear 

applications using the HYSPLIT model

Overview of the locations of different emitters and 
the four selected International Monitoring System 
(IMS)  stations of the Third ATM-Challenge
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Summary
History
• ARL was originally created for nuclear-related tasks
• The nuclear fallout prediction techniques developed at ARL prompted the HYSPLIT development
• ARL was instrumental in the initiation of the WMO RSMC nuclear emergency response activities 

Operations
• ARL continuously support the RSMC Washington activities since 1993, and has been actively 

engaged in the future development, such as providing guidelines for future TCM implementation 
• ARL has successfully implemented NOAA Backtracking support to Comprehensive Nuclear-Test-Ban 

Treaty Organization (CTBTO) application using HYSPLIT  (ongoing on-demand operation since 2014)

Research and other activities
• ARL has been actively participated in the radionuclide transport and dispersion modeling studies
• Capabilities built for nuclear applications have been extended to other applications (such as TCM 

approach and inverse modeling for volcanic ash forecasting)
• ARL has built a quasi-operation system for potential Ukraine nuclear accidents using TCM approach 
• ARL has been assisting many others to apply HYSPLIT in their various nuclear-related applications
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Thanks for your attention!

Questions? 
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Global backtracking of anthropogenic radionuclides

A. Becker et al. / Atmospheric Environment 41 (2007) 4520–4534

PSR: Possible Source Region. The actual and the predicted event 
locations are shown as black dot and diamond.
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