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EXERCISE 2 
Backward “Hello World” NPP example, 
Forward NPP example

Aims:
1. Backward:

1. Familiarise with FLEXPART run in backward mode
2. Understand the strengths and limits of backtracking a 

single measurement – poor man’s inversion
2. Forward:

1. How to set a realistic multi-species scenario
2. Influence of grid, depositing characteristics
3. Thinking towards emergency response

Questions? Write delia.arnold-arias@zamg.ac.at
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Bwd run from HKO



3FLEXPART TRAINING 2019 3

Bwd run from HKO

� 1 day integration measurement of Xe-133 (can be treated as a tracer) at the HKO  
22.3025° N, 114.1742° E

� Measurement integration period 2014.10.12 00:00 - 2014.10.13 00:00

� Measurement inlet at 60 m a.g.l.

� Backtracking for 3 days

� Interested in potential emissions at ground level, therefore OUTGRID will only need 
one level, relatively shallow, 150 m a.g.l.

� Remember to carefully check the COMMAND

� Output every three hours

2014.10.12 00:00 - 2014.10.13 00:00 – Measurement at 

HKO!  4x10**4 Bq/m3 Xe-133
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Bwd run from HKO

� Specifications: 

� COMMAND FILE:

• Backward run: 9 October 2014 
00 UTC to 13 October 2014 00 
UTC 

• Output every 3 hours
• Convection 
• Residence times output
• No nested output
• No adaptation to TL

� OUTGRID FILE:

• Resolution 0.2 degree
• LLC: 20.0°N, 100.0°E
• 100x150 grid cells
• 1 output layer, 150 m agl

This test case aims at making you run FLEXPART with a simple bwd 
case and understand the results and what information can be 
extracted from them.

� RELEASES FILE:

• Point source at the top of the HKO 
building:  22.3025°N, 114.1742°E, 60 
m agl

• Release start: 12 October 2014 00 UTC
• Release end: 13 October 2014 00 UTC
• Total mass: 1 kg of Xe-133
• Particles released: 10000
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Bwd run from HKO

� 1 day integration measurement of Xe-133 (can be treated as a tracer) at the HKO  
22.3025° N, 114.1742° E

� Measurement integration period 2014.10.12 00:00 - 2014.10.13 00:00

� Measurement inlet at 60 m a.g.l.

� Backtracking for 3 days before measurement start

� Interested in potential emissions at ground level, therefore OUTGRID will only need 
one level, relatively shallow, 150 m a.g.l.

� Remember to carefully check the COMMAND

� Output every three hours

Welcome to FLEXPART Version 10.3beta (2019-04-05)

FLEXPART is free software released under the GNU General Public License.
----------------

INFORMATION: SUBGRIDSCALE TERRAIN EFFECT IS
NOT PARAMETERIZED DURING THIS SIMULATION.

----------------
ECMWF metdata detected
Vertical levels in ECMWF data:     138    138

Mother domain:
Longitude range:  100.00000 to  130.00000   Grid distance:    0.20000
Latitude range :   20.00000 to   40.00000   Grid distance:    0.20000

Releasepoints :            1

SPECIES:  21  Xe-133      (GAS)
Wet removal for gases      is turned: OFF
Dry deposition for gases   is turned: OFF
Below-cloud scavenging: OFF
In-cloud scavenging: OFF

Particles allocated (maxpart)  :      5000000
Particles released (numpartmax):        10000
Total mass released: 1.0000000E+00
Allocating fields for global output (x,y):          150         100
Allocating fields for nested output (x,y):            0           0
Concentrations are calculated using kernel
Simulated     0.0 hours (            0 s),             0 particles
Global ECMWF fields: using cloud water
Global ECMWF fields: using cloud water
Global ECMWF fields: using cloud water
-10800 Seconds simulated:          1302 Particles:    Uncertainty:   0.000  0.000  0.000
Global ECMWF fields: using cloud water
-21600 Seconds simulated:          2552 Particles:    Uncertainty:   0.000  0.000  0.000



6FLEXPART TRAINING 2019 6

ECMWF (0.2 degr.) : Bwd run from HKO
./plot_FLEX_binary.py ./output/ False nuc1 0 0 alldates cyl False 

100.0,130.0,20.0,40.0 mesh False

[In backward mode all species are treated the same: write nuc1 or tracer1.]
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NCEP (0.5 degr.): Bwd run from HKO

Is this discontinous plume evolution reasonable? Remember differences 
between COMPUTATIONAL domain and OUTGRID domain

./plot_FLEX_binary.py ./output_NCEP/ False nuc1 0 0 alldates cyl False 

100.0,130.0,20.0,40.0 mesh False
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Bwd run from HKO

Do we have only one single potential contributing source?
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Bwd run from HKO

What would be the sources that would have led to that measurement with 
respect to the results?
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Bwd run from HKO

What would be the sources that would have led to that measurement with 
respect to the results?

Observation =  Emission * sensitivity to emission
m[Bq/m³] = M[s] * S[Bq/s*m³]          

How many Bequerels (kg, ...) released?

Potential source 1 – Daya Bay
M?
How big is the grid size?
Which is the average timing? In what units?

Potential source 2 – Qinshan
M?
How big is the grid size?
Which is the average timing? In what units?
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Bwd run from HKO

What would be the sources that would have led to that measurement with 
respect to the results?

Observation =  Emission * sensitivity to emission
m[Bq/m³] = M[s] * S[Bq/s*m³]          

How many Bequerels (kg, ...) released?

Potential source 1 – Daya Bay
M? 0.15 s
How big is the grid size? 0.2 x 0.2 deg  x  150 (m)
Which is the average timing? In what units? 3 hours

Potential source 2 – Qinshan
M?
How big is the grid size? 0.2 x 0.2 deg  x  150 (m)
Which is the average timing? In what units? 3 hours
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Bwd run from HKO
Observation =  Emission * sensitivity to emission
m[Bq/m³] = M[s] * S[Bq/s*m³]          

How many Bequerels (kg, ...) released?

Potential source 1 – Daya Bay
M? 0.15 s
How big is the grid size? 0.2 x 0.2 deg  x  150 (m)
Which is the average timing? In what units? 3 hours
S[Bq] = (m[Bq/m³]/M[s])*3*3600[s]*0.2*100000*0.2*100000*150[m³] 
= 4x10**4[Bq/m3]* 1/M[s] *3 *3600[s] *0.2 *100000 
*0.2*100000*150[m³]  = 1.77E+20 Bq! 

Potential source 2 – Qinshan
M? 3.5 s
How big is the grid size? 0.2 x 0.2 deg  x  150 (m)
Which is the average timing? In what units? 3 hours
S[Bq] = (m[Bq/m³]/M[s])*3*3600[s]*0.2*100000*0.2*100000*150[m³] 
= 4x10**4[Bq/m3]* 1/M[s] *3 *3600[s] *0.2 *100000 
*0.2*100000*150[m³]  = 7.41E+18 Bq! 

?
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GNPS  Guangdong Daya Bay NPP

http://www.jsm.or.jp/ejam/Vol.1.No.3/GA/6/article.html http://www.hko.gov.hk/education/dbcp/pow_stat/eng/r2.htm

~ 50 km

2 reactor units 
Framatome 900 MWe
PWR
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GNPS NPP hypothetical scenario

http://hub.hku.hk/bitstream/10722/41313/6/FullText.pdf

Hypothetical ST  based on US Surry 
(Westinghouse) PWR due to similar design 
(not the same thermal power – scaling)
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GNPS NPP hypothetical scenario

RN Inventory (Bq) Rel. Frac. Release (Bq) Release (TBq)

Xe-133 NG 5.85E+18 1 5.85E+18 5.85E+06

Cs-137 aerosol 1.96E+17 0.14 2.74E+16 2.74E+04

I-131 (I2)
2.90E+18 0.18

2.61E+17 2.61E+05

I-131 aerosol 2.61E+17 2.61E+05

� Emission/release  length :  1 hour starting at 20140923 
00:00  UTC

� Emission/release height :   10 m a.g.l � 50 m a.g.l
column (~ building height)

� Location:   22.5972° N , 114.5444° E

Multispecies release

Mind:

• Gravitational settling

• Definition of each of the species

• Post-processing

• Number of particles per release (10000)

RELEASES
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GNPS NPP hypothetical scenario

� Mother/Nest:

� LLC -179.0°/112.5°E, -90.0°/21.0° N

� 360 x 180 / 320 x 320

� Vertical levels

� 1000, 2000 and 5000 m a.g.l

� Horizontal resolution mother/nest: 1.0° x  1.0°/ 0.01° x 0.01°

OUTGRID/OUTGRID_NEST

~ 50 km

ECMWF (1.0°/0.2°nested) & GFS (0.5°) meteorological data 

COMMAND

� Simulation start / stop: 20140923 00:00 UTC / 20140923 12:00 
UTC

� Temporal resolution: hourly

� LCONVECTION=1, IOUT=0, NESTED_OUTPUT=1
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GNPS NPP hypothetical scenario
Results for 
Xe-133 
(non-
depositing)

ECMWF:

High-resolution nest needed in the near-range!

NCEP:

./plot_FLEX_binary.py 

./output_ECMWF [NCEP]/ True 
[False] 4 0 3 alldates cyl False 
112.5,115.5,21.0,24.0 mesh 
[contour] False

ContourMesh

Mother (1.0x1.0)

Agreeing structure

Contour ContourMeshMesh
Nest (0.1x0.1)

Artefacts
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GNPS NPP hypothetical scenario
Cs-137 aerosol:

Concentration Wet depo Dry depo Total depo

ECMWF:

NCEP:

./plot_FLEX_binary.py ./output_ECMWF[NCEP]/ True 3 0 0 alldates cyl True 
112.5,115.5,21.0,24.0 contour False


