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Summary and purpose of document

This document provides a proposal of objective comparisons and verifications of Lagrangian ATDMs and NWPs used for ATDMs. This will contribute to the scientific consensus on effective verification procedures among experts and to the qualification tests for candidate RSMCs in nuclear / non-nuclear ERA, which will be necessary when the new GDPFS manual comes into force.
Action Proposed  

The meeting is invited to discuss the ways to compare and evaluate ATDMs and NWPs used for ATDMs. The meeting is, then, expected to consider having one or more comparison tests by the next ET-ERA meeting. The results of the tests will provide some scientific basis to understand the functions and effects of ATDMs, and then will contribute to ERA when considering transition to the new GDPFS manual, which requires an examination procedure on the qualification for candidate organizations for RSMCs in the nuclear / non-nuclear ERA. 
The expert team members are invited to join the comparison tests proposed here, and eventually to consider a standard verification procedures suit for ATDM products and services.
Reference:
- WMO response to the Fukushima Daiichi NPP accident, triggered by the great east-Japan earthquake and tsunami of 11 March 2011 Republic of Korea by Mr J. C. Ha (KMA)

- Ensemble atmospheric transport modelling by Dr G. Wotawa (ZAMG)
1. Introduction
     “What if Atmospheric Transport and Dispersion Model (ATDM) results completely discord with one another and / or with the observations (e.g. monitoring posts for nuclear, and satellite images for non-nuclear)?” Some of the attendees of the meeting in Vienna 2011 reported such incidents (see Figure 1). Recipients of ATDM charts may confuse, and may misunderstand that ATDM charts are useless (in worst cases, harmful). To attain reasonable convergence to reliable results, the experts have to continue their efforts to understand what brings differences among ATDM forecasts. Then they need to provide recipients with appropriate scientific explanations on why ATDM results show agreement / disagreement for a specific incident / emergency.
    In addition, the Manual on GDPFS will be revised in the near future. The new manual emphasizes on quality assurance of the products, and confirmation of the ability of candidate GDPFS centres for the specification of the activities. Therefore scientific objective procedures for the evaluation on the products and services are necessary to sustain the ERA programme because there are no standard verification procedures for ATDMs so far and this is a pertinent problem to ERA (other activities have their own standard verifications defined in the manual).
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O Announcement from other country

— On April 3 and 4, citing the report of Germany's National
Meteorological Service, the Deutscher Wetterdienst (DWD), and
Norwegian Institute for Air Research, a prediction was made that the
radioactive materials would cover the entire Korea, Based on this
prediction, some internet users heated up the cyber space claiming
that information from KMA was wrong and KMA should admit its fault.

=KMA announced that the radioactive materials would travel to the
east while circling clockwise with anticyclone as the center and
heavy rain was expected in the south region on April 7 as
southwestern air current from East China Sea flowed in,
Other foreign weather centers that claimed the possibility of direct
inflow to Korea also changed the route of the radioactive materials to
the Pacific.
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    To address the issues, this document provides some basic information on comparisons and evaluations of ATDM and Numerical Weather Prediction (NWP) used for ATDM, and suggests the expert team members initiate verification activities for the nuclear / non-nuclear ERA.
2. Functions and Inter-comparison of Lagrangian ATDMs
     ATDMs, especially for ones with the Lagrangian techniques, commonly adopt functions below;
·  Meteorological conditions provided by NWP and / or Analysis (assimilation results of NWP and observations) are utilized to calculate displacement and deposition of tracers.
· Advection is passively dealt with along the wind flow of NWP / Analysis.

· Vertical and horizontal diffusions are estimated referring to the weather conditions (chiefly wind shear and temperature: stability).

· Wet deposition is estimated using humidity, cloudiness, and precipitation (rain, snow, ice, and hail) according to the individual characteristics of the tracer.

· Dry deposition is considered chiefly referring to the characteristics of the surface, turbulence in the Atmospheric Boundary Layers (ABL), and the tracers (including mass: the gravity force).

ATDMs for nuclear deal with radioactive decays, while ones for non-nuclear need chemical reactions. However the ways to calculate displacement of tracers are common to both types of ATDMs. Therefore the positions of the tracers (see Figure 2) are very primitive and fundamental information for the Lagrangian ATDMs. Other elements like concentration, time-integrated concentration, wet / dry depositions (areal concentrations) are just statistical outputs of the time sequence of tracer positions. Therefore the most important issue for a Lagrangian ATDM is how to estimate displacement of the tracers scientifically and accurately. Comparing positions of tracers [image: image2.png]Countermeasures for the Press
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using a same release scenario and weather conditions is a very ideal way to compare ATDMs.
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On the other hand, NWP forecasting centres generally uses their own (in-house) NWP / Analysis for their ATDM forecasting. ATDMs are designed assuming their own NWP / Analysis as input. Elements (e.g. temperature, potential temperature, equivalent temperature, or virtual potential temperature) and the horizontal / vertical coordinates of NWP / Analysis are not necessarily identical. When adopting identical meteorological conditions from the same NWP / Analysis, ATDM comparison requires heavy burdens to convert the NWP / Analysis into their own format and elements (which were experienced in the activities of the WMO Task Team on Meteorological Analyses for the Fukushima Daiichi Nuclear Power Plant Accident led by Dr Roland Draxler).

Generally speaking, quantitative forecasts for precipitation and thickness of the atmospheric boundary layers are not necessarily similar among NWPs, while these factors are very important and crucial for the ATDM forecasting. Therefore it is misleading if taking it for granted that most differences in ATDM results come from the difference in diffusion / deposition techniques. Differences of NWP / Analysis need to be taken into account. As alternative measures, we can simultaneously compare NWP / Analysis and ATDM result. There was such a comparison conducted by RSMCs at JRC-EC Ensemble, which is led by Dr Gerhard Wotawa, although this experiment compared concentrations and depositions (see Figure 3) instead of locations of the tracers. When taking closer looks at instantaneous concentrations for specific layers and precipitation of NWP, this experiment revealed some interesting features of each ATDM (see table 1). For instance, time-integrated concentrations near surface at 49.5hours after the start release time for JP, DE, and UK (Figure 3) look similar to some extent, while features of NWP and other aspects of ATDM are not necessarily similar. Such results and persistent comparisons of ATDM charts at monthly / quarterly tests by RSMCs (empirical finding through comparison of the results every time a test is done) have made aware of importance of track (path) analysis of the tracers. Analysis of areal / volume average of tracers (concentration / deposition) looks indirect comparison of the results. Adding to this, each ATDM might have compensating errors in NWP and ATDM. For example, weak wet deposition techniques might be compensated by the heavy rain of NWP.
[image: image4.png]115° 120° 125° 130°
| |

Altitude fo Tracers FT=24 P

Initial : 12UTC 12 Aug. 2015

<

45"

35" -





  As mentioned in this section, when comparing the results of ATDM, we need to take into account the following issues;
· Not only ATDM but also NWP data should be compared (Differences in NWP partly account for differences in ATDM results)

· Positions / tracks of tracers should be compared (This is the most primitive and fundamental predictor of Lagrangian ATDMs)

· Some compensating effect between NWP and ATDM might take place (So each process [advection, diffusion, deposition] of ATDM should be investigated referring relevant elements of NWP). Definitions of volume / areal (and time) averaged values are not necessarily the same.
3. Proposal of case studies to verify functions of ATDMs and results of NWPs
   As mentioned in the previous section, ATDMs generally adopt various techniques in treatments of diffusion and deposition. Meteorological conditions of NWPs are not necessarily similar either. To understand differences in each function, establishing simple test conditions is a useful approach, just as seen in the dynamical core tests in NWP models.
  Three test cases are proposed here;

Case 1 : a uniform short term release of noble / inactive gas with long life on the sunny ocean

  This case examines the functions of advection, diffusion of ATDM and NWP. A 3 hour release of Kr-85 near the ocean surface in the centre of the sub-tropical high might be a typical example of this test. Ideally this case allows us to examine techniques chiefly in vertical / horizontal diffusions when wind distributions by NWPs are similar.
Case 2 : a uniform short term release of light particles with long life on the sunny ocean.
  This case examines the functions of dry depositions except for the gravity’s effect adding to the advection and diffusion. A 3 hour release of Cs-137 might be typical example of this test. It is important to take it into account that this test can deliver more precise information when Case 1 is examined for the same conditions.
Case 3 : a uniform long term release of water-absorbable light particles with long life in a convective area.
  This case examines the functions of wet depositions in ATDMs and precipitation (rain) of NWPs. A 12 hour release of Cs-137 around the Intertropical Convergence Zone (ITCZ) might be a typical example of this test. It is noted the precipitation and up / down draft by the convection have considerable differences among NWP centres, and confirming such differences is one of the important aspects by this test case. If we find similar wet depositions while the rain falls are quite different, we can reveal some compensating effects of ATDM and NWP.
  Data to be exchanged and investigated for the tests are following;
Data List:

NWP: 3hourly Grid Point Value (with resolution used for ATDM).

  Elements:

2 dimensional: sea level pressure, precipitation (large scale / convective)

3 dimensional: wind (horizontal, vertical: u, v, w), temperature (or equivalent), specific humidity (or equivalent) at 0, 200, 500, 1500, 3000m AGL (or equivalent in pressure / sigma vertical levels)
ATDM: 3hourly position data of 10,000 tracers
  with identifications of in-atmosphere, wet / dry - despositioning, decayed or not decayed by radiological / chemical effects

4. Action to be required
   As mentioned in introduction of this document, establishment of the scientific (or meteorologically reasonable) procedures to verify ATDMs is the utmost importance for the expert team. Therefore the team should take a step forward to initiate such kind of efforts. While comparisons of each process of ATDM and NWP require persistent efforts by the expert and they cannot deliver aesthetically good results in the short term, the reliability of the forecasts is utmost importance to sustain the ERA programme, as will be described in the new GDPFS manual, which will came into force in the very near future. The test case comparisons would be a good starting point to objectively deal with the requirement of the new manual.
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Figure 1. From “WMO RESPONSE TO THE FUKUSHIMA DAIICHI NPP ACCIDENT, TRIGGERED BY THE GREAT EAST-JAPAN EARTHQUAKE AND TSUNAMI OF 11 MARCH 2011 Republic of Korea” by Mr Jong Chul Ha (Korea Meteorological Administration).
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Figure 2. Altitude of each tracer moving in an ATDM. Instantaneous / time-integrated concentration are volume averages of the density of the tracers for a specific vertical layer.
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Figure 3. Individual model results of the time-integrated air concentration of CS-137 49.5 hours after release start From “Ensemble atmospheric transport modelling” by Dr Gerhard Wotawa (ZAMG).





Table 1. Personal finding at the Joint RSMC Ensemble ATDM at JRC-EC in April 2012 by Mr Masami Sakamoto.


Organization�
Finding�
�
RSMC Beijing (CMA)�
narrow and thick distribution


no deposition presented�
�
RSMC Exeter (UK Met Office)�
no precipitation Presented�
�
RSMC Melbourne (BoM)�
fastest arrival to level 3,000m AGL 


no deposition, nor precipitation presented�
�
RSMC Montreal (CMC)�
thinnest time-integrated concentration near surface


no precipitation presented�
�
RSMC Obninsk (Roshydromet)�
thickest time-integrated concentration near surface


thickest dry deposition


coarser resolution of precipitation�
�
RSMC Tokyo (JMA)�
highest rainfall through the period


latest arrival to level 3,000m AGL�
�
RSMC Toulouse (Meteo France)�
thinnest wet deposition


fast arrival to level 3,000m AGL�
�
RSMC Washington (NCEP)�
no data�
�
RSMC Vienna (ZAMG)�
no time-integrated concentration presented


Narrow and thick distribution�
�
RSMC Offenbach (DWD)�
thin concentration near the source (strong wind)


Finest resolution of precipitation (used finest NWP)�
�
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