
Simulating concentrations of isoprene and other 
hydrocarbons in TORCH 2003 using a 

Photochemical Trajectory Model

Steven Utembe

University of Bristol

Launch of AQEG report: Ozone in the United Kingdom, 3rd March 2009

8QLYHUVLW\�RI
%5,672/

Mike Jenkin

Atmospheric Chemist ry Services 
Okehampton, Devon

(atmos.chem@bt internet .com) 



The TORCH campaign in 
late July/August 2003

Tropospheric ORganic CHemist ry experiment
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Photochemical Traj ectory Model

Calculat ions performed for 
ca. 800 four-day back 
t raj ectories arriving at  

hourly resolut ion



Photochemical Traj ectory Model

Emissions of NOX, speciated VOCs, CH4, CO and SO2

Anthropogenic:

• NAEI for UK, EMEP for outside UK.

• Seasonal, weekly and diurnal temporal factors applied.

• Detailed VOC speciat ion using 112 anthropogenic species.

Biogenic VOCs: Based on:

Dore, C., Hayman, G., Scholefield, P., Hewit t ,  N., Winiwarter, W. and 
Kressler, F. (2003). Mapping biogenic VOC emissions in England and Wales. 
Environment  Agency R&D Technical Report  E1-122/ TR, ISBN 1-84432-092-8.

• Emissions potent ials developed at  1 x 1km resolut ion for the whole of 
Europe. Aggregated to 50 x 50 km.

• Representat ion implemented into PTM by Garry Hayman (NPL)

• Full representat ion of temperature and PAR dependence

• VOC speciat ion represented by isoprene, D�pinene and E�pinene

Emissions
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Chemical processing

The “ Common Representat ive Int ermediat es” (CRI) mechanism
- Latest  version: CRI v2

CRI v2

442 species

1191 react ions

Atmos. Environ., 42, 7185-7195, 2008

Degrades methane and 115 emit ted VOCs



Chemical processing

The “ Common Representat ive Int ermediat es” (CRI) mechanism
- Latest  version: CRI v2

MCM v3.1

5,900 species

13,500 react ions

CRI v2

442 species

1191 react ions

Atmos. Environ., 31,  81-104, 1997

Atmos. Chem. Phys., 3,  161-180, 2003

Atmos. Chem. Phys., 3,  181-193, 2003

Atmos. Chem. Phys., 5, 641-664, 2005

Atmos. Environ., 42, 7185-7195, 2008

Degrades methane and 115 emit ted VOCs

Relat ive run t ime in PTM | 320

Traceable to……. the “ Mast er Chemical Mechanism” (MCM)
- Latest  version: MCM v3.1



Comparison of PTM simulated and observed ozone in TORCH 
campaign, both at hourly resolution
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Relative contributions of regional-scale biogenic and anthropogenic VOC 
emissions to ozone formation

Campaign mean
29.4 % biogenic
70.6 % anthropogenic

Biogenic:         17.5 %                    33.1 %              28.8 %      22.9 %         23.5 %



Comparison of PTM simulated and observed acetylene in TORCH 
campaign, both at hourly resolution
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Benzene

Comparison of PTM simulated and observed benzene in TORCH 
campaign, both at hourly resolution

lifetime = 4.0 days



Campaign mean concentrations of 33 emitted anthropogenic 
hydrocarbons observed (York) vs PTM simulated

Taken from Utembe et  al. ,  Faraday Discussions, 130, 311-326, 2005

react ive 
alkenes
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Comparison of PTM simulated and observed isoprene in TORCH 
campaign, both at hourly resolution

Average lifetime = 
1.2 hours
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Comparison of PTM simulated and observed isoprene in TORCH 
campaign, both at hourly resolution
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Comparison of PTM simulated and observed [OH] in TORCH 
campaign, both at hourly resolution

lifetime << 1 second

2.4 x 106

molecule cm-3: 
simulated 
campaign 
average
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Comparison of PTM simulated and observed isoprene in TORCH 
campaign, both at hourly resolution

under-simulation

x6 on average
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Average lifetime = 
1.2 hours



0

50

100

150

200

250

300

350

26/07/2003
00:00

31/07/2003
00:00

05/08/2003
00:00

10/08/2003
00:00

15/08/2003
00:00

20/08/2003
00:00

25/08/2003
00:00

is
op

re
ne

/1
,3

-b
ut

ad
ie

ne
 (p

pb
/p

pb
)

Simulated with PTM-CRI v2

Observed (Univ. York)

isoprene/1,3-butadiene

Comparison of PTM simulated and observed isoprene/1,3-butadiene 
ratio in TORCH campaign, both at hourly resolution

Ratio of campaign 
average mixing ratios

Simulated: 2.0
Observed: 6.2

Implies that isoprene 
emissions under-

estimated by a factor 
of about 3



PTM simulation of other biogenics: representative monoterpenes, 
D� and E�pinene
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Summarising remarks

z Traj ectory model simulat ions of the TORCH-2003 campaign using 
a detailed VOC speciat ion and comprehensive chemist ry yields 
reasonably good agreement  between simulated and observed 
levels of a number of less react ive emit ted anthropogenic 
hydrocarbons.

z Some diff icult ies arise in simulat ing observed surface levels of
react ive hydrocarbons, due to concent rat ion gradients.

z For isoprene, st rong vert ical gradients undoubtedly cont ribute to 
the model-measurement  discrepancy.

z Considerat ion of the isoprene/ 1,3-butadiene rat io suggests that  
the implemented representat ion of biogenic isoprene emissions 
probably underest imates the local source st rength by a factor of
about  3.

z Simulat ions suggest  that  other more complex hydrocarbons (i.e.,  
monoterpenes), were likely present  at  a collect ive concentrat ion
comparable with that  of isoprene.



Potential impact of 
forest fires in Portugal 

in summer 2003



10 Aug 2003

1E-13     1E-12     1E-11     1E-10     1E-09    1E-08

Maximum value = 1.50E-09 g/m3

Simulation of forest 
fire impact at surface 

(0-100 m)

Met  Off ice’ s NAME 
model

Performed by
Alex Archibald
(Univ. Bristol)

Impact  at  Writ t le
7-13 August



NAME simulation of acetylene from Portuguese forest fires arriving 
at TORCH-2003 campaign site

Performed by
Alex Archibald (Univ. Bristol)



Comparison of PTM simulated and observed acetylene in TORCH 
campaign, both at hourly resolution
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Difference between observed and PTM simulated acetylene in 
TORCH campaign

-1500

-1000

-500

0

500

1000

1500

2000

27/07/2003
00:00

01/08/2003
00:00

06/08/2003
00:00

11/08/2003
00:00

16/08/2003
00:00

21/08/2003
00:00

26/08/2003
00:00

ob
se

rv
ed

 � 
si

m
ul

at
ed

 (p
pt

)

hourly resolution data
24 hour moving average



Acknowledgements

• Steve Utembe (Univ. Bristol) –PTM calculat ions

• Dick Derwent  (rdscient if ic) - PTM

• Garry Hayman (NPL) –PTM/ biogenic emissions

• TORCH partners, in part icular Ally Lewis, Jim Hopkins and 
Jacqui Hamilton (Univ. York) –hydrocarbon measurements

• Alex Archibald (Univ. Bristol) –NAME simulat ions



Comparison of PTM simulated and observed foraldehyde in TORCH 
campaign, both at hourly resolution
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