Atmos. Chem. Phys., 9, 4304313 2009 iy —* -

www.atmos-chem-phys.net/9/4301/2009/ Atmospherlc
© Author(s) 2009. This work is distributed under Chemls_try
the Creative Commons Attribution 3.0 License. and Physics

Hydrogen cyanide in the upper troposphere: GEM-AQ simulation
and comparison with ACE-FTS observations

A. Lupul, J. W. Kaminskil, L. Neary®, J. C. McConnelll, K. Toyotal, C. P. Rinsland, P. F. Bernath®4, K. A. Walker >4,
C. D. Booné, Y. Nagaham@, and K. Suzuki’

1Centre for Research in Earth and Space Science, York University, Toronto, Ontario, Canada

2NASA Langley Research Center, Hampton, Virginia, USA

3Department of Chemistry, University of York, Heslington, UK

4Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada

SDepartment of Physics, University of Toronto, Toronto, Ontario, Canada

6Graduate School of Environment and Information Sciences, Yokohama National University, Yokohama, Japan
"Faculty of Education and Human Sciences, Yokohama National University, Yokohama, Japan

Received: 17 November 2008 — Published in Atmos. Chem. Phys. Discuss.: 23 January 2009
Revised: 24 June 2009 — Accepted: 24 June 2009 — Published: 3 July 2009

Abstract. We investigate the spatial and temporal distribu- ratios in Northern Hemisphere peak in the boreal summer.
tion of hydrogen cyanide (HCN) in the upper troposphere The amplitude of the seasonal variation is less pronounced
through numerical simulations and comparison with obser-than in the Southern Hemisphere. The comparison with the
vations from a space-based instrument. To perform the simsatellite data shows that in the upper troposphere GEM-AQ
ulations, we used the Global Environmental Multiscale Air performs well globally for all seasons, except at northern
Quality model (GEM-AQ), which is based on the three- high and middle latitudes in summer, where the model has
dimensional global multiscale model developed by the Me-a large negative bias, and in the tropics in winter and spring,
teorological Service of Canada for operational weather fore-where it exhibits large positive bias. This may reflect inaccu-
casting. The model was run for the period 2004—-2006 on aate emissions or possible inaccuracies in the emission pro-
1.5°x1.5° global grid with 28 hybrid vertical levels from the file. The model is able to explain most of the observed vari-
surface up to 10 hPa. Objective analysis data from the Canaability in the upper troposphere HCN field, including the in-
dian Meteorological Centre were used to update the meteoraterannual variations in the observed mixing ratio. A comple-
logical fields every 24 h. Fire emission fluxes of gas speciesnentary comparison with daily total columns of HCN from
were generated by using year-specific inventories of carborwo middle latitude ground-based stations in Northern Japan
emissions with 8-day temporal resolution from the Global for the same simulation period shows that the model captures
Fire Emission Database (GFED) version 2. The model outthe observed seasonal variation and also points to an underes-
put is compared with HCN profiles measured by the Atmo-timation of model emissions in the Northern Hemisphere in
spheric Chemistry Experiment Fourier Transform Spectrom-the summer. The estimated average global emission equals
eter (ACE-FTS) instrument onboard the Canadian SCISAT-11.3 Tg Nyr-1. The average atmospheric burden is 0.53 Tg N,
satellite. High values of up to a few ppbv are observed inand the corresponding lifetime is 4.9 months.

the tropics in the Southern Hemisphere; the enhancement in
HCN volume mixing ratios in the upper troposphere is most
prominent in October. Low upper-tropospheric mixing ratios
of less than 100 pptv are mostly recorded at middle and highl  Introduction
latitudes in the Southern Hemisphere in May—July. Mixing

Hydrogen cyanide (HCN) is a minor constituent of the atmo-
sphere emitted primarily from biomass burning. In the tropo-

Correspondence toA. Lupu sphere, it is lost mainly by ocean uptake presumably through
BY (alexlupu@yorku.ca) biological activity, with a small loss by reaction with OH
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(Singh et al. 2003. Having a relatively simple behaviour yearly-averaged anthropogenic and monthly-averaged bio-
and a tropospheric lifetime of several months, HCN is con-genic, ocean and soil fluxes, as well as year-specific 8-day-
sidered to be a good tracer of biomass burning (Rigsland  averaged biomass burning fluxes.
etal, 1999 200Q Li et al., 2003 Yokelson et al.2003 Rins-
land et al, 2007 Nagahama and Suzyia007). 2.1 Sources of HCN

Previous global modelling work focusing on atmospheric _. , . i )
HCN was done byLi et al. (2000 2003. In their study, Biomass burning emissions were estimated by using year-

Li et al. (2000 showed that seasonal variation of observedSpeCiﬁC carbon emissic_)ns from the Global Fire Emission
HCN total columns at 6 sites in the Northern HemisphereD"“t"j‘baSe (GFED) version gn der Wert et a).2008 re-

can be reproduced in a model scenario where biomass burri—ampled to an 8-day temporal resolution using MODIS fire

ing is the main source and ocean uptake is the main sin not spots Gigllio et aI., 2,003' Emission fluxes were gener-
They estimated a global biomass burning HCN source O@tEd by applying emission fa_ctors (EF) to the amount of dry
1.4-2.9TgNyr! and an atmospheric lifetime for HCN of matter burned as estlmz_itefj in GFED version 2. By ecosys-
2.1-4.4 months. Li et al. (2003 used a chemistry and tem type, the HCN emission factors (amount_ of HCN re-
transport model, GEOS-CHEM, to analyse HCN observa-leased per amount of dry matter burned in unlts. of glkg_
tions in the Asian outflow from the Transport and Chemi- are as follows: 0.43 for savannah and glrassla'nd fires (derived
cal Evolution over the Pacific (TRACE-P) aircraft mission from _Yoke_zlson et al. 2003, 0.66 for tropical primary defqr-
which was conducted over the Northwest Pacific betweerfStation f|_res‘(_okelson et al.zooa, 0.54 for pasture main-
February and April 2001Singh et al, 2003. Their mod- tenance fires in the Amazon reg_lon{(eIson et al.2008,
elling study confirmed that the ocean is a dominant sinkand 0.81 for extratropical forest fireBgrtschi et al.20033.

for HCN and estimated a deposition velocity of 0.13 cths We have used the same emission factors regardless of fire

from the observed vertical gradients in the remote marine airpharacteristics or geographical variations within a particular

The authors concluded that a global biomass burning sourc§cosystem; however, the HCN EF is quite variable. For ex-
of 0.63TgNyr! combined with a residential coal burning ample, Yokelson et al(2007) estimated an EF of 1.02 on

source in Asia of 0.20 TgNy provided a best fit to the average for the pine forests surrounding Mexico City. They

TRACE-P observations. The resulting atmospheric Iifetimerelated their finding to the high nitrogen content in the fuel
of HCN was estimated to be 6.2 months due to deposition of nitrogen-containing pollutants in the

Here, we investigate, for the first time, the spatial and tem-OUtﬂOW from the Mexico City urban areaChristian et al.

poral distribution of HCN by comparing global long-term (2003 estimated a high average HCN EF of 1.62 for Indone-

(~3 years) observations in the upper troposphere (UT) fromsian fuels, which contain a significant amount of peat. Also,

the Atmospheric Chemistry Experiment Fourier transform emission factors may depend on the type of combustion. For

spectrometer (ACE-FTS) onboard the Canadian SCISAT_lboreal fires,Bertschi et al(20033 reports an HCN EF of

satellite Bernath et al.2005 Boone et al, 20089 with re- 0.69 for smouldering and 0.92 for flaming combustion. In

: : : . our calculations, we have used the weighted average value of
sults of numerical simulations performed with the GEM-AQ . !
model Kaminski et al, 2008. 0.81 fromBertschi et al(20033. Interestingly, the HCN EF

does not appear to depend on the relative amount of flaming
and smouldering combustion for savannah and tropical for-
est fires Yokelson et al.2003 2009. The EF value of 0.43

used for savannah and grassland was derived from African

The Global Environmental Multiscale Air Quality model fire data reported ilYokelson et al(2003 gndBertschi et al_.
(GEM-AQ) is a global, tropospheric chemistry, general cir- (20033. Given that a large part of African savannah fires

culation model Kaminski et al, 200§ based on the three- PUrn in the wooded savannah (e gustice et a).1999, we
dimensional global multi-scale model (GEM) developed have assigned it a weight of 0.5 when calculating the aver-
by the Meteorological Service of Canada for operational29¢ HCN EF from the dataset tabulatedvikelson et al.

weather forecastingJpté et al, 1998. The chemical mech-  (2003. HCN EF values in this study ranged from 0.31 for a
anism used in the present study is comprised of 52 gas-phaé@mbo (flooded grassland) fire in Zambia to 0.76 for a fire in

species and 137 chemical and photolysis reactions. The origdr@ssland with some brush and small trees in South Africa.
inal mechanism has been expanded to include the oxidatiorl "€ v&lue measured for a miombo (wooded) savannah fire

of HCN by OH. Al tracers are advected using the semi- Was 0.37. Assuming that residual smouldering combustion
Lagrangian scheme native to GEM. The vertical transport in-Of 109S represents 10% of the total fuel consumption, the re-

cludes parameterized subgrid scale turbulence and deep cof¢!ting EF for miombo was estimated to be 0.&(tschi
vection. Dry deposition is included as a flux boundary condi- €t &l» 20033. It is beyond the scope of this study to address

tion in the vertical diffusion equation. Wet deposition of gas- the question of representativeness of these emission factors
phase species is treated in a simplified way, and only belowfOr €ach ecosystem.
cloud scavenging is considered. The emissions used include

2 Model
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Fig. 1. HCN monthly emissions by geographical region calculated for the period 2004—2006. Regions were defined according to land mass
and fire seasonality.

We must note at this point that uncertainties in estimat-North of the Equator in insular South-East Asia. South of
ing the emitted amount of biomass burning species are rathehe Equator in South America, burning begins in June and
large and difficult to quantify. Along with the emission fac- reaches a sharp peak in August—-September. The region con-
tors, the other two main factors of uncertainty are fuel con-tributes about 17% on average to the total budget. In Central
sumption and burned areétq and Penner2005. Burned  America, fires peak in April-May. In North America, Eu-
area is considered to be one of the most uncertain factorsope and North Asia, most of the fires burn during the bo-
(Hoelzemann et 312004 van der Werf et a).2006§. Com- real summer. The total amount of HCN emissions averages
parison between different burned area products for boreal.3 TgNyr1, with less than 4% variation between the three
and tropical savannah ecosystems shows that differences ayears used in the analysis. By contrdstet al. (2003 and
within 20% for large regions, but interannual differences areSingh et al.(2003 estimated a total release of 0.83 Tg and
larger (not to mention that independent products can exhibitl.1 Tg, respectively, for the year 2001. Our global source for
similar biases), while in deforestation regions, burned areahat same year amounts to 1.2 Tg.et al. (2000 estimated
estimates are still poorly constrainedat der Werf et aJ.  a global biomass burning HCN source of 1.4-2.9 Tg Niyr

2006. Uncertainties in emission estimates are highest in Another important type of biomass burning is the use of
deforestation regions and in regions where peat fires 0CCUGomestic biofuels. A study bertschi et al.(2003} on

(va_n der_Wgrf et aJ.ZOO_Q. Sinha et al(2(_)04) estimate tha_t African biofuels found that biofuel burning is a negligible
their emissions for African savannah fires are uncertain 10 ource of HCN. Small amounts of HCN-0.01 TgNyr1)
~70%. As a consequence, we will defer refining our HCN . (cjeased into the atmosphere from gold minikg-(

emi;sion inventory until more accurate fire products becomerte and Coulston1998. HCN exhaust emissions from ve-
availaple. hicles are smallBaum et al, 2007 Karlsson 2004). Li
Figurel shows the HCN monthly emissions calculated for et al. (2003 argued that enhanced HCN observed in the
the period 2004—-2006 broken down into regional emissionChinese urban plumes during TRACE-P could indicate an
areas. The largest fire activity occurs in Africa, contribut- HCN source from hard coal burning. They estimated that
ing about 42% to the global budget of HCN. The fires in a total Asian coal burning source of 0.2 Tg N'yrcould ex-
Africa exhibit seasonal variation with peaks in December—plain the experimental data. Another possible source of HCN
January in the Northern Hemisphere and in July—August inmight be biogenic. It is known that thousands of species of
the Southern Hemisphere. In South and South-east Asia mosiigher plants synthesize cyanogenic glycosides and cyano-
fire activity takes place from January to April. The smaller lipids that, upon tissue disruption, are hydrolysed, releasing
peaks during August—September are a result of fires burningdCN (Poulton 1990. Due to the complex nature of this
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biochemical process, the amount of HCN released into theduring the TRACE-P mission were used biet al. (2003
atmosphere is difficult to estimate. Based on the TRACE-PandSingh et al(2003 for estimating the dry deposition ve-
data, Singh et al.(2003 estimated a global primary bio- locity of HCN over the sea surface. By applying a simple
genic or secondary source of up to 0.2 TgN¥yand just steady-state box model for the HCN budget balanced be-
a small anthropogenic source @D.05TgNyr1) in order  tween entrainment from the free troposphere (FT) to the ma-
to balance the ocean uptake. On the other h&hin et al.  rine boundary layer (MBL), dry deposition to the sea surface
(2007 used the positive matrix factorisation (PMF) method and photochemical loss via OH reaction in the marine bound-
(Paaterp1997 to analyse the same TRACE-P data, and con-ary layer, Li et al. (2003 obtained 0.13cms', whereas
cluded that 41% of the HCN variability in the measured vol- Singh et al (2003 obtained 0.12 cmig" with an uncertainty
ume mixing ratios could be explained by a terrestrial bio- of the order of 20% solely from the choice of entrainment
genic factor. This would mean a much larger biogenic sourcevelocity from FT to MBL. Also, it should be noted that it
than previously thought. However, their PMF analysis of is reasonable to expect the dry deposition velocity of HCN
data from the Intercontinental Chemical Transport Experi-to vary with biological activities changing by region, season
ment — North America, phase A (INTEX-A) did not reveal and wind speed.
any biogenic factor. Clearly, more experimental work is In our study we used a deposition velocity of 0.16 cths
needed in order to reconcile these contradictory results and tover oceans and assumed it to be spatially and temporally
guantify the potential release of HCN from plants and fossil constant. This value was chosen based on sensitivity runs;
fuel burning. In our subsequent calculations, all these potenit is a larger value than that dfi et al. (2003 and Singh
tial sources were neglected. et al.(2003 and it improves the agreement with ACE obser-
In the model, the biomass burning emissions were uni-vations in the upper troposphere. A decrease in the ocean
formly injected by mass in a vertical column rather than atuptake to 0.13 cms' leads to an increase in the global aver-
the surface, in order to account for the initial rapid lofting in- age of HCN mixing ratio in the upper troposphere of about
duced by the release of heat from the fires (pyroconvection)20%. The global burden is a balance between emissions and
Injection heights depend on fire intensity and meteorological(largely) surface loss. Thus, changing either one will affect
conditions [avolgé et al, 200Q 2007, and exhibit a wide the burden. Local mixing ratios, however, will depend on
range of variation. In most cases, emissions are confined ttcal sources, vertical and horizontal emission distributions
the boundary layeri@bonne et a.2007. However, there is  and long range transport.
evidence that smoke plumes can directly reach the free tro- Soils are likely not an important sink for HCNSihgh
posphere Kahn et al, 200§. Moreover, extreme cases of et al, 2003 2007). Wet scavenging is a minor sink, together
direct injection into the stratosphere have been observed imwith destruction by photolysis and by reaction with'DJ
boreal regions (e.gkromm and Servranck®2003 Fromm (Cicerone and Zellnet983 Kleinbohl et al, 2006. These
et al, 2005 2006 Damoah et a).2006§. Many studies con-  sinks were neglected. Oxidation by OH is also minor overall,
firm that injection height is an important input parameter to but significant in the stratosphere, and is implemented using
models fle Gouw et a].2006 O’Neill et al., 2006 Leung  the termolecular reaction rate frokieinbohl et al.(20086.
et al, 2007 Hyer et al, 2007 Turquety et al. 2007 Fre- We have also neglected the production of HCN from the oxi-
itas et al, 2007 Generoso et gl2007). For this simulation  dation of CHHCN by OH in the stratosphere hypothesized by
we assumed prescribed injection heights of 6 km for NorthKleinbohl et al. (2006, who concluded that an HCN vyield
American boreal forests, 3 km for other boreal forests, 2 kmof 30% from the reaction of CE#CN with OH is consistent
for temperate forests, and 1 km for tropical forests, savanwith a set of HCN profiles from balloon-borne infrared solar
nah and grassland. The same injection heights, but with @ccultation measurements.
different vertical distribution of emissions have been used in
the AeroCom experiment®éntener et al.2006. The dif-
ference in injection height between North Asia (Russia) and3 Measurements
North America is based on the assumption that boreal fires in
North America are predominantly intense crown fires, while SCISAT-1 is a small Canadian satellite that was launched on
Russian fires are mostly moderate surface ficas¢Lé et al, 12 August 2003 into a P4inclined orbit at 650 km altitude
2000. Kasischke et al(2005, on the other hand, suggests (Bernath et al.2005. The satellite carries three instruments
that satellite imagery seems to show that a high percentag@perating in occultation mode with a shared field of view to

of the Russian fires are actually crown fires. take advantage of the high precision of the solar occultation
technique.
2.2 Sinks of HCN ACE-FTS, the main instrument onboard, is an infrared

Fourier transform spectrometer with a spectral resolution of
Ocean uptake, presumably through biological degradation, i€.02 cnt* from 750 to 4400cm?®. The instrument is self-
the main sink for HCN $ingh et al. 2003. Observed ver- calibrating as low Sun solar spectra are divided by exo-
tical gradients of HCN mixing ratios in remote marine air atmospheric solar spectra from the same occultation. The
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orbit yields tropical to high latitude occultations in both 2004, andRinsland et al(2007) analysed ACE-FTS data
hemispheres (over the course of one year) with a typicakecorded over Alaska and Canada in June-July 2004, the pe-
vertical resolution of 3—-4km. The orbit was optimized to riod with the largest fires on record in Alaska and Yukon Ter-
provide the largest coverage at high latitudes in winter andritory, CanadaCoheur et al(2007) described ACE-FTS ob-
spring. Species profiles can be retrieved down to about 5 knservations of various molecules, including HCN, sampling a
in cloud free situations. The retrieval procedure is described/oung biomass burning plume over the East coast of Tanza-
in Boone et al(2005. nia in October 2005Pumphrey et ak2008 reported the ex-

The HCN results employed here are research producté?tence ofatropical tape recorder in HCN by a}nalysing trop-
featuring improvements over the official ACE-FTS ver- ical stratospheric data from.ACE-FTS'(coverlng the period
sion 2.2 HCN data products. The research product use§004-2007) and from the Microwave Limb Sounder (MLS).
more microwindows than the version 2.2 data product and FOr our present analysis we have used occultations span-
extends to much higher altitude. Retrievals for the ACE-Ning the period from March 2004 to December 2006.

FTS research HCN product employ 10 microwindows be-

tween 1395 and 1460 cmh and 22 microwindows between

3260 and 3355cmt. The altitude range varies with lati- 4 Results
tude, extending from 8 to 42km at the Equator and 6 to

35km at the poles, with a siflatitude) variation to the al- o . .
titude limits in between. Interferers in the microwindows 9/0bal grid with 28 hybrid vertical levels from the surface up

(retrieved simultaneously with HCN) were,8 isotopo- to 10 hP_a. Objective analysis data from the Canadian Me-
logues I-%GO, H%go, H,170 and HO0, CO, isotopologues tgorologlcal Centre were used to update the meteorolpglcal
16012160 and6012C180, NyO isotopologuedNL4NLSO gelds ever?/ 24h. Thle quel V\'IaS'SplrJ]n up for 4 %ears mhor-
and1SNI4N160, CH, and GHa, with different volume mix- er to achieve quasi-stationarity in the stratosphere, where

) ) . : . . the photochemical lifetime of HCN is of the order of several
ing ratio profiles retrieved for different isotopologues of a :
given molecule. years. The HCN field was saved every hour, and the output

was linearly interpolated to the location and time of each sun-
We note that early in the mission, outgassed water in th&ise and sunset occultation. The location and time of each oc-
ACE-FTS instrument resulted in ice collecting on the cold cyjtation were obtained from the latitude, longitude and time
detector windows. This water has been gradually removegy the 30 km tangent point (calculated geometrically).
over the course of the mission through periodic heating of Figure2 displays the observed and modelled time series of
the detector assembly. Ice has a broad absorption featurgcN vertical profiles along the satellite track for the entire
with a peak near 3250 cm, and SO HCN mi(_:rowindOWS period. For clarity, the profiles from the sunrise and sunset
near 3300 cm* suffered from poor signal-to-noise for occul-  gceyltations are shown on separate plots. It can be seen that,
tations with significant ice contamination on the detectors.j, general, the observed features are most of the time well
Results below~10km come only from the microwindows  reproduced by the model. The highest values are observed in
near 3300 cm* (atmospheric HO saturates the region near the tropics in the Southern Hemisphere; the enhancement in
1400 cnt?! for altitudes below~10km). The errors below HCN mixing ratios (with values up to a few thousand pptv)
10 km therefore varied strongly early in the mission, depend+p, the upper troposphere is most prominent in October (be-
ing on the extent of ice buildup on the detectors, but this Vari'ginning of October for the sunset profiles and end of Oc-
ability declined in later years as the ice contamination wasigper for the sunrise profiles). Conversely, both measure-
removed. There was less variability in the errors for resultsments and model show low upper-tropospheric mixing ra-
above 10 km since the region near 1400°¢ris not sensitive tjps (<100 pptv) at middle and high latitudes in the Southern
to ice contamination. Even in the absence of ice, errors abOV‘f‘-lemisphere in May-July (sunrise occultations from begin-
10 km are smaller than errors below 10 km since the signal-ning of May to beginning of June, and sunset occultations
to-noise ratio near 1400 cmh, being slightly over 300:1, is from end of June to end of July). On the other hand, high
much larger than it is near 3300cth i.e., 150:1. The sta-  HCN mixing ratios are observed in the Northern Hemisphere
tistical fitting error from the least-squares method varies ong; |atitudes>3® in May—July (same sunset/sunrise periods
average from 5% over high latitudes to 10% in the tropics atas above), but the model underestimates the magnitude of the
8.5km, doubles 1 km below, and slightly decreases by 1-2%nnancement. The largest discrepancy can be seen for the
above 8.5km and in the lower stratosphere. The systematigyonth of July 2005 (in the sunset occultation time series).
error on the retrieved volume mixing ratios from the spectro- g, Fig.3 we present a seasonal composite plot of the hori-
scopic constants is 2 to 5%. zontal distribution of HCN mixing ratios from ACE-FTS and
HCN data from ACE-FTS have been previously used in GEM-AQ at an altitude of 8.5km. A total of 4811 retrievals
other studies.Rinsland et al(2005 focused on HCN and were available at this altitude for comparison, of which 3198
other biomass burning products in the upper troposphere &t latitudes>60° and only 399 in the tropics (latitudes3(°).
lower to middle Southern latitudes for September—NovembeWe notice the good overall agreement between model and

The model was run for the period 2004—2006 on & b5’
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Fig. 2. HCN mixing ratio (pptv) vertical profiles from ACE-FTS and GEM-AQ for sunrise and sunset occultations between March 2004
and December 2006. The model output was interpolated at the location and time of the occultations. End-of-scale red denotes mixing ratios
>375 pptv.

observations for all seasons, with the notable exception of the In order to get a better picture of the seasonal variation of
Northern Hemisphere at middle and high latitudes in summeithe HCN mixing ratios and of the model performance, we
and autumn, where the model has negative bias. We compleshow in Fig.4 the time series of measured and modelled
ment Fig.3 with Table1 in which we provide, for the same monthly means at 8.5km and 13.5km for 30-degree-wide
altitude, a seasonal statistical summary to illustrate the comfatitude bands. We note the difference between the Southern
parison between model and measurements. The global aveand Northern Hemispheres at 8.5 km in the ACE-FTS data:
age of the modelled mixing ratio for all three years of datathe seasonal variation has a larger amplitude in the South-
is about 4% less than the observed mean. The correspondirgrn Hemisphere. At Northern mid-latitudes the largest peak,
standard deviations also compare well, given that variabilitywhich is observed in the summer, has small interannual vari-
in model output from a low-resolution run will necessarily be ation and is less than 350 pptv. By contrast, the observed
less than that observed. However, we note that the correla©ctober peak at Southern mid-latitudes is about 730 pptv
tion values are rather low. This is most likely a result of large in 2005, and its lowest value, in 2006, still reaches about
uncertainties in biomass burning emissions and their tempo380 pptv. An interesting point is that the model seems to be
ral and spatial distribution, in injection heights and possibly able to capture this interannual variability of the HCN field
in the loss term, as well as, but to a lower extent, to uncerin the Southern Hemisphere. September—-November 2006,
tainties in model transport (with the possible exception of compared with the same period for 2005, was characterised
subgrid convective transport). by large fires in Indonesia that may be associated with a
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Fig. 3. Composite plot of HCN mixing ratios (pptv) from ACE-FTS and GEM-AQ at 8.5 km for occultations between March 2004 and
December 2006. The model output was interpolated at the location and time of the occultations.

weak El Niio that year Rinsland et al.2008 Logan et al, most of which (about 60% according to our estimation) came
2008, and low fire activity in South America (Fid). The  out of tropical South America. In September, emissions in
biomass burning subtropical “megaplum&hatfield et al. South America decreased by about 40%, and in October they
2002 generated by the fires in South America and Southbecame relatively small. Emissions from Africa (the second
Africa, and plotted in Figh, was less intense in 2006 than largest source) also decreased over the same three months.
in 2005, and the difference is reflected, as noted above, ihooking at Fig.4, we see that, in the Southern Hemisphere,
the monthly mixing ratio values for mid-latitudes. Higher the monthly zonal means at 8.5 km increased from August to
mixing ratios from the fires in Indonesia in October 2006 asOctober. In August, tropical South America, the region with
compared with October 2005 can be seen at higher altitudethe largest emissions, is characterized by subsidence which
in the tropical region (Figdb). tends to inhibit deep convection. Thus, the emissions are
mostly localized around the source areas and confined to the

Itis interesting to note that the mixing ratio peaks observedjower troposphere. This results in relatively small mixing
in the Southern Hemisphere and depicted in Bigre offset  ratios of HCN in terms of zonal means at altitudes accessi-
relative to the emission peaks shown in FigFor example,  ple to the ACE instrument. As the dry season breaks down
in 2005, August was the month with peak HCN emissions,
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Fig. 4. Monthly mean time series of HCN mixing ratios (pptv) from ACE-FTS and GEM-A@p8.5 km andb) 13.5 km for occultations
between March 2004 and December 2006. Number of data used in averaging is displayed beneath the top axis.

in September, synoptic activity starts to loft the emissions,ter agreement with observations (MOPITT CO in this case)
transport them quasi-isentropically to the middle to upperis obtained when a significant part of emissions is injected
troposphere and towards extratropical latitudes, and spreath the middle and upper troposphere. We also find that in-
them zonally. At the same time, the atmospheric burden ofecting more mass higher improves the agreement between
HCN increases over months, due to the long lifetime of theGEM-AQ and ACE-FTS. For example, the underestimation
tracer. The netresultis the observed increase in the measurddr July 2005 is reduced from 56% to 25%. In the second
mixing ratios. sensitivity run we added to the biomass burning source of
1.3 TgNyr1aglobal biogenic HCN source of 0.2 Tg N'yr

In the Northern Hemisphere at middle and high latitudes ;
in the summer, GEM-AQ is consistently underpredicting the §caled from the POET (Precursors of ozone and their effects

mixing ratios of HCN. To investigate the issue, we performed:; ;Tezgggoisfgzgz tlg\;emgiir%;?éosgeeans:gnrgftg?tre(?::gﬁ:ve i
two sensitivity runs. In the first run we injected 80% of bo- ’ ' P P 9

real forest emissions between 4.5 and 6.5km (rather thaiy tation growth. This also _reduces thgd|sagreemgntwnh mea-
i o surements at Northern middle and high latitudes in the boreal
uniformly between surface and 3 km for Siberia and surface

and 6 km for North America). The need for such a vertical summer (o less than 250/.0; but the already existing positi\{e

distribution of emissions, with more mass near the injectionblas n t_he SO“‘herf‘ Hemisphere and North of t_he Equator in
: - L . Lo the tropics (Tabld) increases. The all-season bias of means

height, and with higher injection heights for Siberian fires, o ) . 0

is supported by modelling studies such as thaGeheroso reaches-25% North of the Equator in the tropics an20%

et al.(2007) focusing on aerosol and CO from the 2003 Rus- gt hlgh Southem latitudes. I?ue fo uncertainties in the es-
) . timation of the biomass burning sources, we are unable to
sian fires. Turquety et al. (2007 has also shown, for the

case of the large Alaskan fires of summer 2004, that bet_elther rule out or confirm the existence of a biogenic source
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Table 1. Mean, standard deviation, number of daty €orrelation
coefficient ¢), and relative mean differencé)(at 8.5 km by latitude
band and season for ACE-FTS and GEM-AQ HCN volume mixing
ratios.

Zonal Season ACE-FTS GEM-AQ n r d
band (pptv) (pptv) (%)

60-9C N DJF 189r27 18616 435 027 -1
MAM 223+47 20332 585 068 -8

JIA 3306:54 24442 102 -0.04 -26

SON 23139 185+17 580 0.48 -19

All 223451 195:29 1702 0.57 -12

3060N DJF 17238  182t17 115 026 2
MAM 275471  26Q:t81 140 055 -5 a) October 2005
JA 200091 21132 181 0.42 —29
SON 24452  19@:21 111 046 —18
Al 25683  215:54 547  0.46 —16

0-30°N DJF 18355  360t167 13 0.52 96
MAM  289+127  306t115 67 0.40 5
JIA 214105 24286 73 0.20 11
SON 215£59 21249 11 014 -1
All 244+115 275112 164 0.33 12

0-30°S DJF 18%76 23857 47 0.45 26
MAM 164465 244£60 32 0.70 48
JIA 221157 23574 60 0.26 6
SON 434:211  383t159 96 0.62 —-11
All 2944200 298:134 235 0.68 1

30-60S DJF 23562 242+42 151 0.48 3
MAM 157450 18234 115 0.47 15

JIA  136:45  162:40 159  0.66 19 ) b) October 2006
SON  365:153 356:140 242 078 -2
[
Al 2455140 254:121 667  0.86 3 —

] 5000 10000 15000 20000 (M)

60-90 S DJF 23@37 2306k15 82 0.42 0
MAM 164+33 17318 640 0.56 5
JIA 126:43 142+:22 320 0.20 12

SON 23467 245070 454 081 4 Fig. 5. HCN monthly mean 450-ppt isosurface from GEM-AQ for
Al 181+64 19158 1496 082 5 (a) October 2005 an¢b) October 2006. The isosurface is coloured
Global Al 22105 21277 4811 072 4 by altitude. The plots were generated with the Integrated Data

Viewer (http://www.unidata.ucar.edu/software/iglv/

. Rikubetsu (43.5N, 143.8 E, 370m a.s.l.) in Hokkaido,

of HCN. We also note that the number of data available forygrthern Japan. The total column abundance of HCN has
comparison in the tropics is rather low. been retrieved from infrared solar spectra for the period over-

In order to see how the model performs at higher altitudesjapping with the ACE observations, i.e., 2004—2006. The
we have plotted in Figdb the monthly mean mixing ratios = spectra were recorded with high spectral resolution ground-
at an altitude of 13.5km for the same six latitude bands asased Fourier transform infrared (FTIR) spectrometers. The
in Fig. 4a. The number of valid retrievals used in the plot FTIR spectrometers at Rikubetsu and Moshiri were a Bruker
was 9241, almost twice as many as that at 8.5km. It can bers 120 M with resolution of 0.0035cm and a Bruker
noticed that seasonal variations are much less pronounced &S 120 HR with resolution of 0.0020 cth, respectively.
this altitude. This is to be expected, since most of the extra-The FTIR spectrometers were installed and operated by the
tropical observations at this altitude are in the lower strato-Solar-Terrestrial Environment Laboratory (STEL) of Nagoya
sphere. The model is systematically underestimating the obyniversity and the spectral data were provided by STEL. The
servations by about 10% on average, ranging fre% in  details on the FTIR spectrometers at Moshiri and Rikubetsu
the tropical troposphere t915% over high latitudes. We at-  are described iZhao et al(2002. HCN was retrieved from
tribute this difference to our neglecting the HCN production a single microwindow of 3287.15-3287.37ch Spectral
from CH3CN in the stratosphere and possibly to an overes-parameters for the atmospheric HCN absorption lines were
timation of stratospheric OH that results in faster depletiontaken from the 2004 edition of the HITRAN databaBeth-
of HCN. In general, the underestimation in the stratospheranan et al. 2005. The total column abundance was calcu-
for altitudes up to 20km is up t812% globally, with higher  |ated by SFIT1 version 1.09e. The mean standard devia-
values of up to~20% at latitudes-60°. tions of the total column abundance at Rikubetsu and Moshiri

In addition, we have compared the total HCN columns are ~3% and~1%, respectively. The total uncertainty in
measured at Moshiri (444N, 142.3 E, 280m a.s.l.) and the retrieved columns was estimated to be 8%. The column

www.atmos-chem-phys.net/9/4301/2009/ Atmos. Chem. Phys., 9, 43032009
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Fig. 6. Daily mean HCN total columns at Moshiri (blue triangles) and Rikubetsu (red squares) in Northern Japan. The measurements were
performed with ground-based FTIR spectrometers. Daily-averaged model output is shown as black “plus” signs.

comparison is presented in F&y.Since the distance between 5 Conclusions
the two stations is of the order of the model grid size {L.5
and the measurements were similar, we have plotted the daté/e have shown that a three-year GEM-AQ simulation per-
from both stations on the same figure, while the model wagormed by using HCN biomass burning emissions based on
sampled at the grid point closest to both locations. We musGFED version 2 is consistent, in terms of amount and sea-
note that averaging kernels were not available and thereforgonality, with observations of upper-tropospheric HCN from
not applied to the model output. Averaging kernels for the ACE-FTS. Our model results show that in the upper tropo-
HCN total column computed with SFIT2 show that they are sSphere GEM-AQ performs well globally for all seasons, ex-
broad with vertical sensitivity that peaks in the middle and cept at Northern high and middle latitudes in summer, where
upper troposphereRfnsland et al. 1999 Fig. 1). Fig.6 the model has large negative bias, and in the tropics in winter
shows that the model captures the observed seasonal variand spring, where it exhibits large positive bias. The modelis
tion, and even individual events like the peaks in mid July able to explain most of the observed variability in the upper
and mid October 2004. We also note that the largest discreproposphere HCN field, including the interannual variations
ancy between model and measurements is for the month df the observed mixing ratio. In our calculations, we assumed
June 2005. During this month the model consistently under-a constant value of 0.16 cmfor the net ocean uptake. This
estimates the column amount by about 30%. Large mixingis @ simplifying assumption and may not be accurate. More
ratios at the end of June 2005 over Northern mid-latitudeg’esearch is needed in order to constrain the oceanic sink. The
can also be seen in the ACE-FTS data. Since the columns fdhjection height is an important modelling parameter for fires
the other two years compare reasonably well with the modelin the boreal regions. A better estimation of this parameter
we tentatively conclude that emissions in the Northern Hemi-is needed. The biomass burning emissions require further re-
sphere for 2005 may have been underestimated. finement. A better characterisation of emissions for different
We conclude by presenting the HCN budget from the sim-€cosystems is desirable. It is also important to explore and
ulation. We have already stated that the estimated averageuantify the potential release of HCN from biogenic sources.

global emission equals 1.3 Tg N'Vk. Most of this amount, Acknowled 1<The auth ich to acknowledae the f "
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