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Introduction

On the 11-13'" Septenmber 2002 high | evels of PMo were recorded at
nmeasurenent sites across the UK London experienced separate 3-hour
background peaks of 68 ng/n? and 64 ng/n?. Edi nburgh witnessed a 3-
hour peak of over 100 ng/n¥. Lough Navar, a rural site in Northern

I rel and, had a sustained epi sode of greater than 60 ny/n? for over
twel ve hours. The neteorol ogy during this period was prevailing
easterlies. One possible cause was the extensive forest fires in
western Russia observed at that tinme. This study investigates this
possibility by utilising satellite imginary, UK ground observations
and the Lagrangi an di spersion nodel, NAME

NAME Model
The Nunerical Atnospheric dispersion Mdelling Environnment (NAME) is
a 3-D Lagrangi an dispersion nodel. It uses full 3-D neteorology from

the Met Ofice’ s nunerical weather predication nodel, the Unified
Model (Cullen, 1993). NAME can be operated in a backward running
node to investigate the origin of the air at a given tine at a given
receptor. Thousands of neutrally buoyant inert particles are

rel eased fromthe receptor over a given period and foll owed backward
in time. The particles are noved using negated 3-D wi nds and a
random wal k turbul ence schene (Ryall, 1998). The grid box | ocation
of each particle at each tinme step is recorded over the duration of
the nodel run and collated together into an air origin map. The
result is a map of all of the possible sources of air over the
duration of the nodel run, reaching the receptor within a given tine
Wi ndow.

Thi s approach is a step-change inprovenent over sinple back-
trajectories as it incorporates the effects of detailed 3-D w nd
structure and atnospheric turbul ence and anmal gamates the routes of
many t housands of single trajectories.

Model setup

The NAME nodel was run backwards for ten days for each 3-hour period
from m dni ght 11'" Sept. 2002 to midnight 14'" Sept. 2002 for three

| ocati ons; London, Lough Navar and Edi nburgh. G obal neteorol ogy was
used which has a horizontal resolution of ~60km and 32 vertica
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| evels. A total of 45,000 particles were rel eased over each 3-hour
period of interest between the ground and 80m Particle position

i nformati on was col |l ected on a ~60km hori zontal by 80mvertical grid
extending from 40°Wto 60°E and 20°N to 80°N. The particles were
assunmed to be inert and therefore no account was taken of dry or wet
deposi tion, sedinentation or chem cal changes. The anount of

material released was arbitrarily set to 1 g/s.

Results

The satellite imges fromthe Mderate Resol ution I mging
Spectroradi oneter (MODI'S) rapid response team at NASA- GSFC
(http://earthobservatory. nasa. gov/ Nat ural Hazards) clearly show t he
w de extent of forest fires in Western Russia in |late August to
early September 2002. Figure 1 shows the inmage taken on the 4'"
Septenber. Fromthe i mages the geographical extent of the fires has
been estimated to be contained within the region 28°E — 40°E, 52°N -
60°N.

Figure 2 shows the nodelled air origin maps for London for the 3-
hour periods ending at (a) 00Z 12/09/02, (b) 06Z 12/09/02 and (c)
12Z 12/09/02. The four corners of the domain enconpassing the fires
identified in the satellite images have been nmarked (+) in each pl ot
and the location of the receptor has al so been highlighted (x). The
plot is contoured with darker shades representing greater

contri butions.

Fi gures 3a-c show the tineseries of observations of PMp and
nodel | ed contribution fromthe domain enconpassing the fires (see
figure 2) at London, Edi nburgh and Lough Navar. The observati ons
shown for London are the average PMyg val ues neasured at the

Bl oonsbury and North Kensington sites.

The doubl e peak structure (figure 3a) in the London observations is
reflected in the nodell ed concentrations. The air-origin maps for
the tines of the two peaks and the | ow point in-between are shown in
figure 2. The map of the 3-hour period marking the |low point (figure
2b) shows that the origin of the air was nore diffuse with
significant contributions fromthe Atlantic. The observations are
uni formy el evated by background | evels of 15-30 my/n?, reflecting
the normal diurnal pattern of PMgo concentrations at London during
an easterly flow. The second observed peak for the period 9am - noon
wi Il have a significant extra burden fromlocal traffic sources
conpared to the first peak at 9pm - mdnight. The timngs of the
peaks in the observations are identical to those nodelled, nanely at
the 3-hour periods centred on 22:30 11/9/02 and 10: 30 12/9/02.
Considering the first peak, the increase in the neasured value is
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approxi mately 53 ng/n? (assume the background is 15 ng/ nt) wher eas

t he nodel produces a peak reaching 8.9e-5 ng/n?. The nodel total is
assum ng all 225 grid boxes in the fire-area domain are each
emtting 1 g/s of material. In order to scale this nodelled value to
the nmeasured value, a total fire source of 134 g/s (12 M onnes per
day) would be required. Using the sane nmethod but a background | evel

of 30 ng/n? to reflect increased norning traffic, the second peak
inplies a total fire source of 19 Monnes per day.

The tineseries at Edi nburgh, figure 3b, shows that the observed and
nodel | ed peaks are consistent with an indication that the nodel
timng of the peak is 1-3 hours ahead of the observed peak. Assum ng
a background | evel of 20 ny/nt, the scaling technique inplies a
total fire source of 25 Monnes per day.

The tineseries at Lough Navar, figure 3c, of the observed PM, and
t he nodel | ed val ues show good agreenent with the single sustained
(more than 12 hours) episode occurring simultaneously in both.
Assuni ng a background | evel of 10 ngy/n¥, the scaling technique
inplies a total fire source of 22 Monnes per day.

Fromthe satellite pictures it is probable that only 5-10% of the
domain area is actually on fire, this would reduce the average total
fire source from20 Monnes per day to 1-2 Monnes per day. These
nunbers are based on the assunption that the effects of all of the
fires in the domain are observed and that there was no | oss of
material due to wet or dry deposition during transport fromthe fire
domain to the WK

A report by NOAA (www. arl . noaa. gov/ss/transport/fires. htnl)

esti mated the anmount of particulate matter emtted froma hectare of
burning forest was 5kg/ hr. The area identified in the satellite is
approximately 67 Mia and if it was all burning forest this would
produce approximately 8 M of particulate matter per day. This
guantity is an over-estinmati on because only a relatively snal
fraction of the whole area was abl aze. The anmount of material | ost
during transport to the UK will be significant but further work is
required to attenpt to quantify this.

The start tines of the episodes at the three |ocations are
significantly different. At London it began at 6-9pm 11'" Sept., at
Edi nburgh it was 3-6am 12'" Sept. and at Lough Navar the epi sode
didn’t start until 9am noon 12'" Sept.. The observed epi sode start
tinmes are all mrrored by the nodelled arrival tinmes of air fromthe
identified fire-domain.
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Conclusions

The NAME nodelling of the transport of air fromthe region in
Western Russia identified as an area with significant forest fires
coi nci des with an observed epi sode of high PMgy across nuch of the
UK. This study concentrated on three |ocations; London, Edi nburgh
and Lough Navar. At each |location the start and end tinmes of the
observed epi sodes are consistent with the nodelling of air
transported fromthe fire region, even the double peak structure in
t he observations at London are replicated by the nodelling. The
extent of the fire region was estinmated from hi gh resol ution
satellite inmagi nary.

By a relatively crude scaling argunent the magnitude of the fires in
Western Russia woul d need to have been between 1-20 M onnes per day
during the period when air fromthat region dispersed to the UK
This value ignores the potentially |large | oss processes on route due
to wet and dry deposition and sedinentation. The travel time from
the fire area to London was estinmated to be 7-9 days. This estinated
value is of the sane order of magnitude as that cal cul ated assum ng
an emssion rate fromthe literature of 5 kg/Ha/hr.

Further work is required to explore the inpact of deposition and
sedi nentation on the material transported from Wstern Russia to the
UK during the period of the fires. It would also be interesting to
apply this approach at other European sites closer to Western Russi a
and al so to assess the inpact of the episode on other species such
as carbon di oxi de, carbon nonoxi de and nethyl chloride.
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Figure 1: Satellite image of western Russia from MODI'S for the 4'P
Sept 2002
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(a) (b) (c)

Figure 2: 10 day Back-attribution maps for London, 3 hour periods
ending (a) 00Z 12/09/02, (b) 06Z 12/09/02 and (c) 12Z 12/09/02
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Figure 3a: Tinmeseries of observed background PM, and nodell ed
air concentration fromthe estimated area on fire in Western
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Figure 3b: Tineseries of observed background PMy and nodel | ed

air concentration fromthe estimated area on fire in Western
Russi a at Edi nbur ah.
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Figure 3c: Tinmeseries of observed background PMo and nodell ed

in Western
| rel and.

air concentration fromthe estimated area on fire
Russia at Lough Navar a rural site in Northern




