
The ECOSYS/FDMT model
Overview, advantages, limitations and 

suggestions for further 
development 
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The problem



Motivation for development

Questions raised during and after the Chernobyl accident

=>Model to provide assistance in accident management and 
decision making 



Requirements identified after the Chernobyl 
accident

• Endpoints needed

• Flexibility to address a wide range of exposure conditions
– Regionality

– Seasonality

• Possibility to simulate countermeasures

• Provide answers to “What –if questions”



Requirements for modelling

• Input

• Include a wide range of crops and animal products 

• Simple models



ECOSYS  model



Plant and animal products considered
Primary products Foodstuffs Feedstuffs
Grass (intensive) Spring wheat, whole grain 2

Hay (intensive) Spring wheat flour Grass, intensive

Grass (extensive) Spring wheat, bran Hay, intensive

Hay(extensive) Winter wheat, whole grain Grass, extensive

Maize Winter wheat, Flour Hay, extensive

Corn cobs Winter wheat, Bran Maize

Potatoes Rye, whole grain Corn cobs

Beet Rye, Flour Potatoes

Beet leaves Rye, Bran Beet

Winter barley Oats Beet leaves

Spring barley Potatoes Winter barley

Winter wheat Leafy vegetables Spring barley

Spring wheat Root vegetables Winter wheat

Rye Fruit vegetables Spring wheat

Oats Fruit Rye

Leafy vegetables Berries Oats

Root vegetables Milk Distillery residues

Fruit vegetables Condensed milk Brewing residues

Fruit Cream Skim milk

Berries Butter Milk substitute

Cows' milk Cheese (rennet coagulation) Whey (rennet coagulation)

Sheep milk Cheese (acid coagulation) Whey (acid coagulation)

Goats' milk Goats' milk
Beef (lactating cattle) Sheep milk
Beef (non-lactating cattle) Beef (lactating cattle)
Veal Beef (non-lactating cattle)
Pork Veal
Lamb Pork
Roes deer Lamb
Chicken Chicken
Eggs Roe deer

Eggs

Beer



Contamination routes for plant products
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Simple modelling for dose assessment

Pathway Starting point Process Parameters

Ingestion Activity in air,
Wet deposition

Activity intake and 
metabolism in the body 

Dose coefficients (age, RN)

Inhalation Activity in air Activity intake and 
metabolism in the body 

Dose coefficients (age, RN)

External - cloud Activity in air Irradiation from activity 
in air

Dose coefficients (age, RN)
Shielding 
Occupancy 

External - ground Total deposition Irradiation from activity 
on the ground

Dose coefficients (age, RN)
Shielding 
Occupancy 

Exposure of skin Deposition on 
skin

Dose coefficients (age, RN)
Percentage of skin covered



Simple modelling in food chains  
Process Starting point Process Parameters

Deposition Activity in air Dry deposition Deposition velocity (LAI)

Activity in rain,
rainfall

Interception Interception factor (LAI, 
rainfall, element)

Foliar uptake Activity deposited 
on plant

Systemic transport Translocation factor (crop, 
time deposition -> harvest, 
element)

Uptake from soil Activity in soil Uptake by roots TF soil-plant

Resuspension Soil mass per unit plant mass 

Migration to deep soil Half-lives in soil (layer 
thickness, element)

Transfer to animals Activity in feed 
stuffs 

Activity intake and 
metabolism

Transfer factor

Biological half-lives 

Processing of crops
and products

Accumulation and 
depletion

Processing factors



Seasonality

Especially relevant in the year of deposition



Development of leaf area index of winter 
wheat
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Interception for Cs
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Translocation factor as function of time between 
deposition and harvest for Cs in winter wheat



Season dependent feeding regimes

Feeding diet for lactating cows: Maize/beet
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Feeding regimes are linked to the crops cultivated in a region/area
• Specific feeding diets can be simulated in a flexible way
• Allows the modification of feeding regimes for simulating countermeasures



Processing of foodstuffs

Processing factor:
Concentration ratio  Processed product / Raw product



Exemplary results



Doses via different exposure pathways
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Time-dependent activity in foodstuffs

ECOSYS: Activity in foodstuffs
after deposition on 1st May
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Contribution of foodstuffs to ingestion dose

Ingeston dose: contributions of foodstuffs
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Simulation of the effectiveness of  
countermeasures



Dependence of ingestion dose on time of 
deposition



Dependence of ingestion dose on time of deposition

Germany

Hong Kong



Improving confidence in model results
•Application of input data

•Model analysis  

• Calibration of model with monitoring data



Monitoring and models

•Monitoring

•Models



Cs-137 in milk: dairy farm near Munich, Germany, 
(UNSCEAR, 2008)



Cs-137 whole body counting (near Munich)

ECOSYS Model
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Müller, H, and Pröhl, G., The radioecological Model ECOSYS: Concept and Applications, Proc. Intern. Workshop on 
Improvement of Environmental Transfer Models and Parameters, Tokyo, Japan, 5-6 February, 1996



Suggestions for further 
development



Lessons from the application of 
the SPEEDI model 

•System for Prediction of Environmental Emergency 
Dose Information

•Purpose of SPEEDI



The use of the SPEEDI model during the Fukushima 
accident (UNSCEAR 2013)



Role of the SPEEDI model

remained largely unused during the crisis

between March 11 and March 15—the time when the central government 
made decisions about evacuating residents—SPEEDI data were not officially 
provided to top leaders in the Prime Minister’s Office until March 23

• Evacuation orders were therefore issued without the benefit of SPEEDI 
forecasts.

• SPEEDI was developed in 1984 for exactly this kind of situation; the system 
was intended to help governments decide precisely when to evacuate 
residents—and from which specific areas. 



Problems during the application (cont.)

• New York Times, 8 August 2011

Because they didn’t have the knowledge to know what the data 
meant, and thus they did not know what to say to the public,

•SPEEDI  was not properly applied, because
didn’t trust their own model

– Lack of experience

– Doubts on the reliability



Suggestions for further developments 

•Processes 

•Parameters



Further developments 

Revisit underlying scenarios 

Average start of growing period in Europe
There are considerable year-to-year variations 



Further developments 

• Systematic link to monitoring (if not already implemented)

• Key quantities in monitoring



Summary

Advantages

Limitations

Application



Thank you


