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Albstract

A total of 10 boundary layer sampling events over the Pacific Ocean were analyzed for the purpose of
defining the sea—to—air CH;I flux using a mass balance photochemical model. These events were recorded
on the National Center for Atmospheric Research (NCAR) C-130 aircraft as part of the Aerosol Charac-
terization Experiment (ACE 1). The latitude range, covered by these events, was 2°N to 55°S. The flux
ranges were 4 to 33 nmol m™ day™', with an average value of 1148 nmol m? day™'. This study also
indicated that the current approach to estimate the flux was not systematically different from the sea—air

exchange model.
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1. INTRODUCTION

It has been reported that methyl jodide (CH;l) in
seawater is produced by microalga (Itoh er al.,
1997) and macroalga (Manley and Dastoor, 1988).
Oceanic emission of methyl iodide has been known
to be a primary source of natural atmospheric CH;I
in the remote marine troposphere (Singh et al.,
1983; Lovelack et al., 1973). Some other natural
monohalomethane compounds (CH;Br and CH;Cl)
are also found in the troposphere. Compared with
other monohalomethanes, CH,lI is a photochemi-
cally reactive species in the tropospheric chemistry.
The photolysis of CH;3I by solar radiation that
penetrates to the troposphere produces iodine atom
(I), which can participate in the tropospheric chem-
istry. Davis ef al. (1996) drew attention to its poten-
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tial role in ozone loss in the troposphere as well as in
the stratosphere. Some recent field and modeling
studies indicated the significance of the direct, iodine-
catalyzed destruction of ozone in the marine boundary
layer (MBL) (Shon and Kim, 2002 and reference
therein). In addition, iodine chemistry might have an
influence on HO, (= OH+HO,) and NO, (= NO+
NO,) chemistry through converting HO, to OH and
NO to NO,. Since the major source of atmospheric
iodine is certainly the emission of biogenic iodocar-
bons from the open ocean or coastal regions, the
estimation of the CH;l emission rate is important for
the investigation of its impact on atmospheric iodine
chemistry.

The methods used to estimate the fluxes of trace
gas species from the ocean to the atmosphere have
fallen into two categories: those based on seawater
measurements (Wanninkhof, 1992; Liss and Merli-
vat, 1986) and those inferred from atmospheric
observations (Shon, 1999 and references therein). A
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typical method used to estimate CH;l fluxes was an
air-sea exchange model involving seawater CH;l
measurements. The air—sea exchange model by Liss
and Slater (1974) is given by the equation (1) :

Cajr
H

Fair—sea = Vp{csw -

M

where F;_., defines oceanic CH;l flux; V,, is the
exchange coefficient (or piston velocity); C,,, and
C,i; represent the CH,I concentrations in seawater
and air, respectively; and H is the Henry’s law cons-
tant. Once evaluated for a specific set of meteoro-
logical conditions, a more general form of the
“piston velocity” can be developed via a parameteri-
zation equation that takes into account the depen-
dence of the flux on wind speed. Currently, at least
three different versions of wind speed parameteriza-
tion have been employed (Wanninkhof, 1992; Liss
and Merlivat, 1986; Smethie et al., 1985). The results
from these different approaches have revealed some
significant differences in the exchange coefficient,
leading to uncertainty for seawater derived fluxes
that are as large as a factor of 2 (Andreae, 1986).
Thus, in this paper we present an analysis of CH;l
flux estimates with the proposed approach using
airborne CH,l data recorded during the ACE 1 field

study. In addition, we present the comparison of our
fluxes derived from airborne CH;l measurements
with those derived from shipboard measurements by
Moore and Groszko (1999) during the ACE 1 cam-

paign.

2. OBSERVATIONAL DATA

Observational data sets used in this study are ones
recorded during the First Phase of the Aerosol Cha-
racterization Experiment (ACE 1) field campaign.
The ACE | campaign was carried out during the
months of Nov. and Dec. in 1995. Of the 31 marine
flights flown during the ACE 1, eighteen of these
(Flights 11-28) were made over the Southern
Ocean between Nov. 17 and Dec. 12, 1995. These
intensive flights covered the latitude range of 40°S
to 55° S and the longitude range of 135°E to 160°E,
as shown in Fig. 1. A commonly employed sampl-
ing strategy for the National Center for Atmospheric
Research’s (NCAR) C-130 aircraft consisted of
flying sequential circles at 3 or 4 constant altitudes
while moving with the wind field. Sampling on each
mission included both boundary layer (BL) and buf-
fer layer (BuL, a mixing zone for the BL and lower
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Fig. 1. Marine boundary layer flight tracks for the C-130 and cruise tracks for the NOAA ship Discoverer during the
ACE 1. The number next to each flight track is the field program mission number. The dotted line represents

the cruise tracks.
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free tropospheric air) altitudes.

This field program included measurements of key
chemical species for this study, methyl iodide as
well as other nonmethane hydrocarbons. Other criti-
cal trace gases measured on the C'-130 included:
OH, O,, CO, CH,, NO, H,0,, and CH;O0H. All
basic meteorological parameters were also recorded
during each flight, including the UV irradiance
measured by an Eppley radiometer. Methyl iodide
as well as other halocarbon measurements on the
C -130 were made using a GC/MS technique (Blake
et al., 1999). CH;I measurements had limit of
detection of 0.02 pptv and 16 measurement precision
was 5%. Median concentrations of the photochemi-
cal species NO, CO, H,0, O;, H,0,, CH;O0H, and
CH, formed the basis of all input variables to the
photochemical box modeling runs (see Table 1) in
which the diel profiles for OH were evaluated. In
the case of NO, most of the BL observations were at
or below the 26 detection limit of the onboard che-
miluminescence NO sensor (e.g., typically 5-10
pptv). Thus, input to the model for NO involved
bracketing possible values for NO as defined by our
assigning a lower limit value to the measurement of
1 pptv and an upper limit value defined by the 2¢
uncertainty for NO. This approach provided upper
and lower limit values for OH. The CH,l flux for
these cases was estimated from the OH profile
based on the average NO value as defined by the two
values cited above. Typically, the level of agreement
between observed OH and model generated values
for average NO is less than 15%.

Table 1. Summary of model input conditions.

During the entire ACE 1 program, the C-130
aircraft sampled the 118 BL runs. Of these, 47 sam-
pling events were found to be acceptable for estima-
ting CH;I fluxes. Seventy-one BL runs were exclu-
ded from the current analysis because of a lack of
airborne CH;I measurements and large uncertainties
in predicting the photolysis rate coefficients and
equivalent mixing depths of CH;I (see section 3.1).
All photolysis rate coefficients were adjusted using
an adjustment factor (labeled here “cloud correction
factor (CCF)”) considering actual solar/cloud con-
ditions. For the purpose of removing the case of the
significant cloud effect on actinic flux, the flights
with CCF<0.75 were excluded. After filtering, 47
acceptable events led to 10 independent flux deter-
minations. The reduction in the number of indepen-
dent flux estimation reflects the fact that typically 4
or more BL runs from a given flight were used in
making one independent flux determination.

3. APPROACH AND MODEL
DESCRIPTION

3.1 Approach

The method for the evaluation of the CH,l flux
(Feny) in this work is based on the mass balance
photochemical model (MBPCM) approach, which is
similar to that described by Shon er al. (2001). All
forms of the MBPCM approach for determining the
CH3l flux require that the regions under investiga-
tion have reasonably high levels of CH,I horizontal

Flight  Sampling Lat. Long. T *Td? [0,  [COF *[NOF [NOJ> BLh EMD
No. time(local) (-:S) (-:W) (O (O (pbv)  (ppbv)  (ppv)  (pptv)  (km)  (km)
5 10:12 177 —1582 25.7 19.1 322 87.7 8.7 323 0.6 25
6 12:33 25 —1550 23.0 18.1 254 789 6.7 236 1.0 18
16 12:54 -54.1 159.2 22 -3 214 68.5 2.5 58 0.4 25
18 05:58 —450 1445 95 48 21.0 69.2 39 152 1.0 1.6
21 04:34 -425 142.1 9.5 1.1 207 66.4 2.9 69 0.9 2.1
7] 15:45 —414 1393 10.5 1.6 184 64.8 2.0 4.7 1.0 14
24 10: 15 —45.2 143.6 10.0 538 20.8 63.6 26 6.1 0.5 1.5
29 11:44 -327 159.2 20.1 11.0 214 61.2 44 124 0.7 1.6
31 16:20 19  —1564 225 18.1 9.8 63.8 26 6.2 0.5 19
32 10:39 27 1562 227 18.8 133 70.0 55 132 0.5 11

(a) Median observations; (b) Model calculated quantity; (*) Dew Point; (+) For detailed discussion on [NO], see the text.

J. KOSAE Vol. 20, No. E2(2004)



46 Zang-Ho Shon

homogeneity. Given the assumption that the BL is
well mixed, in its final form the mass balance
equation is shown in an Eq. (2) :

ACHY _ Fowa 5 4K [OH]) [CH,]

dt EMD
Ll (B[CHgl @)y,
2
+EMD f v oz @

hBL
hBL

where, the equivalent mixing depth (EMD)
defines the CH;l equivalent mixing depth which can
best be represented by Eq. (3) :

_ JICH;l(z)]dz

EMD
[CH;l]g,

3)

In the Eq. (3), [CH;l]g, represents the average
CH,I concentration in the MBL. Fig. 2 shows a
schematic representation of the EMD evaluated for
Flight 32. The remaining terms in Eq. (2) include
Jeuy» @ photolysis rate coefficient; koy, the reaction
rate coefficient for reaction with OH; “w,” the mean

vertical velocity; and @ [CH;1 (2))/0z, the vertical gra-

dient of CH;I within the Bul..

The first term on the right-hand side of Eq. (2)
relates to the CH,I sea—to-air flux; the second term
defines the loss of CH;I due to photolysis and
oxidation by OH; and the third term evaluates the
effects of large scale mean vertical motion on the
levels of CH;l. The latter term presents much the
same problem as that cited for EMD in that it
obviously varies some with time, but the absence of
continuous readings of the CH,l gradient between
the BL and BuL makes it impractical to evaluate
this variability. In addition, only 24 hr average
values were available for “w” from NCEP meteo-
rological data. Thus, the approach taken here was
similar to that used for the EMD evaluation; we
assumed that, to a first approximation, its value was
non-time dependent. From a practical point of view,
the “best estimate” for Fyy,; can be assessed by chis-
quared testing. Fig. 3 shows the result of this proce-
dure for Flight 24. Meanwhile, CH;l destruction
rates through photolysis in the tropical MBL were
>90% of the total destruction rate, while those

7| 874834 #2049 AME2Z

2.0 —*
Lower free troposphere
]
15k BuL
§ EMD
g 10r
a F
0.5 T
3
I MBL
0.0 1 P T ' IO N TS S EUUR S L
0 0.2 0.4 0.6 0.8 1
CH;l (pptv)

Fig. 2. Evaluation of the CHjl equivalent mixing depth
(EMD) for flight 32. The straight line at 1.1 km is
the EMD for flight 32. The closed circles with hori-
zontal bars represent the observed averages for
CH;l for horizontal flight legs at 0.5,0.7, and 1.3 km.
The horizontai bars are the 1 sigma values on CHl.
The dotted line defines the best curve fit to the
observed CH;l mixing ratios based on the six
altitudes.

through OH oxidation were <10%. CH,l loss via
OH oxidation was insignificant in the tropical MBL
as well as over the Southern Ocean.

3. 2 Model description

The MBPCM was coupled to a full HO/NO,/
CH,/NMHC time-dependent photochemical box
model constrained by measured values of NO, CO,
O;, H,0, H,0,, CH,O00H, and UV irradiance.
When significant BL OH observations were avail-
able at the time of the CH;l observations, these
were typically used to further constrain the model
generated OH profiles by adjusting critical J values.
The critical parameter for the evaluation of the CH,l
flux-J value for CH,I-was derived from the absor-
ption cross-—section and quantum yield reported by
Rattigan et al. (1997). The current MBPCM approa-
ch has been previously used to assess both DMS sea
—-to-air fluxes as well as the oxidation products
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Fig. 3. Evaluation of the CHj;l flux for flight 24 using the
MBPCM approach. Three solid lines are the diel
CHjsl profiles generated from the model based on
averaged CH;l observations as given by the solid
circles. The best fit to the data gives a CH;l flux of
8 nmol m™2 day~'. The solid line above the best fit
and that the below the best fit represent the upper
limit (10) and lower limit (7) values of the model
estimated CH;l fluxes, respectively. Horizontal bars
on each CH,l data point define the time period over
which the average value was calculated. Vertical
bars define the 1 sigma value for the CH,l observa-
tions averaged over a given horizontal leg.

from DMS (Shon et al., 2001 and references therein).
Details concerning the photochemical box model
have been previously described by Davis et al.
(1996).

4. RESULTS AND DISCUSSION

4.1 CH;l flux

CH,I fluxes estimated using airborne observations
are shown in Table 2 and Fig. 4, ranging from 4 to
33 nmol m™2day™'. The average value from this
ensemble was 1148 nmol m™> day~'. Fig. 4 shows
the same data as given in Table 2, but here the
fluxes are plotted as a function of latitude. In the
Southern Ocean CH;I fluxes were relatively lower

Table 2. Sea-to- Air CH;l Flux Estimates.

Flight Date Latitude Longitude Flux
Number (1995) (—:S) (—:W) (nmol m2day™")
5 11/06 177 —158.2 33
6 11/08 2.5 —155.0 12
16 11/27 -54.1 159.2 5
18 12/01 —45.0 144.5 10
21 12/04 —42.5 142.1 8
22 12/05 —41.4 139.3 4
24 12/08 —45.2 143.6 8
29 12/16 -32.7 159.2 9
31 12/19 1.9 —156.4 12
32 12/20 2.7 -156.2 10
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Fig. 4. Latitudinal distributions of CH;l fluxes during the
ACE 1 field program. Triangle symbols are fluxes
estimated by the MBPCM; solid circles are those
calculated as the product of the transfer velocity
of Wanninkhof (1992) and the surface seawater
concentration measured by Moore and Groszko
(1999); open circles are those calculated as the
product of the transter velocity of Liss and Merlivat
(1986) and the surface seawater concentration.

than those in the tropical regions. In the Southern
Ocean CH;l fluxes ranged from 4 to 10 nmol m™
day ™! with an average value of 7+ 2. In contrast, the
fluxes in the tropical regions ranged from 10 to 33
nmol m~2day™' with an average value of 17+ 11.
CH.I fluxes in the tropical regions were higher by a
factor of 2 than those in the Southern Ocean. From
these data one sees a trend of a decreasing CH,I flux
with increasing southerly latitude. The calculated
flux might be driven in part by the change in photo-
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lysis frequency. The CH;I fluxes derived from ship-
board measurements are discussed in section 4.2.
The shipboard atmospheric CH;I concentrations are
in the range of 0.1 to 1.7 pptv with an average value
of 0.7+0.3, similar to the measurements from the
C-130.

It should be noted that large variation in the fluxes
results from the combination of the temporal and
spatial variability of wind speed and seawater CH,l
concentrations. An average wind speed during sea-
water CH;I observation period was 6.3%+2.2ms™".
Seawater CH;I concentrations for the ACE 1 ranged
from 2.5 to 16.1 pmol L™' with an average value of
4.8+ 1.9. Seawater CH;I concentration in the
extratropical regions were significantly higher than
those in the tropical regions by a factor of 1.5-1.7.
Detailed discussion on seawater CH,I distribution
for ACE 1 was described in Moore and Groszko
(1999). They attributed the tendency for variability
in seawater CH;1 concentrations to water tempera-
ture and irradiance, and on a smaller space scale, they
also found the indication of a correlation between
methyl iodide with chlorophyll a. It has been repor-
ted that seawater levels of CH;l are likely to be cor-
related with ocean biological productivity (Bassford
et al., 1999). Bassford ef al. (1999) found that con-
current observations of CH;l and dimetyl sulfide
(DMS) in marine air showed a clear association.
This was supported by a statistical analysis indicating
a very significant degree of covariance, implying
common open-—ocean source regions. In contrast,
different spatial and temporal patterns for each of the
gases were observed. For instance, Baker ef al.
(2000) showed that distinct sources dominate their
production (i.e., specific species of phytoplankton for
DMS and macroalgae for CHsl). It has been sug-
gested that photochemical production may be a
significant source of CH;lI within the open ocean
(Moore and Zafiriou, 1994). At this moment the
source mechanism of methyl iodide in seawater is
still uncertain.

Assuming that CH,l is related to biological activ-
ity in seawater, one approach taken in the ACE 1 to
further categorize the Southern Ocean CHSI flux has
involved relating the estimated flux to other ocean

= 7) 84 33A] A 20A AE2 5

characteristics such as the type of surface water
mass. For example, during the ACE 1 three different
surface water masses were identified during the
“intensive” campaign (Bates et al., 1998). These
differed substantially in salinity as well as in biologi-
cal activity. These have been labeled subtropical
convergence zone (STCZ, <43°8S), subantarctic
water zone (SAZ, 43° -49°8), and Antarctic zone
(AZ, >49°S). The STCZ had the highest salinity
value at >34.8 psu, while the AZ had the lowest
value at <34.2 psu.

During the “intensive” period of the ACE 1, two
flux determinations were made in the STCZ, two in
the SAZ, and one in the AZ. The STCZ data were
recorded on Flights 21 and 22. As shown in Fig. 4
the values of these two flux estimates varied by
about a factor of 2, ranging from 4 to 8 nmol m~2
day“. The flux values estimated for the SAZ (e.g.,
8-10 nmol m 2 day ') were somewhat higher than
those for the STCZ based on analysis of Flights 18
and 24. In the third and final zone (AZ) the CH;l
flux (e.g., 5 nmol m™? day'l) was similar to those in
the STCZ and was significantly lower than those in
the SAZ based on analysis of Flight 16. For one
transit flight of the ACE 1 field experiment (e.g.,
Flight 29), the CH,l flux value of 9 nmol m™2 day ™
was similar to the flux values in the SAZ. The daily
average wind speed (obtained from NCEP meteoro-
logical data) appears fairly constant over the time
period of the measurements. Thus, a likely cause for
the large variability in the CH,I flux field is the
inhomogeneity in seawater CH;l levels because
significant temporal and spatial variations in sea-
water CH;I were observed.

The CH;l fluxes in the tropical regions were
significantly higher than those in the Southern Ocean,
ranging from 10 to 33 nmol m™* day™' and give an
average value of 17t 11. These results were based
on Flights 5, 6, 31, and 32. Fluxes for Flights 6, 31,
and 32 showed fairly uniform. In contrast, the CH;l
flux for Flight 5 showed significantly higher values
by a factor of 3, compared to the three other flights.
This higher flux for Flight 5 is consistent with the
flux derived from seawater CH,l concentrations at
the same location (see Fig. 4). Section 4.2 contains a
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detailed discussion on the fluxes derived from sea-
water measurements. These tropical regions are more
productive zones so that biological activities are
higher than in oligotropic open ocean. These results
however do not imply that CH;I fluxes are solely
associated with biological activities in seawater
since irradiance and water temperature are also high
in tropical regions.

During the ACE 1 field experiment, atmospheric
CH;l Ievels were somewhat lower than those report-
ed in the literature. The average atmospheric CH,l
concentration in the MBL (<1 km) in the tropical
region (15°S-15°N) was 0.6 +0.1 pptv (a median
value of 0.58 pptv), while that over the Southern
Ocean (>40°S) was 0.48+0.22 pptv (a median
value of 0.43). There were no strong spatial trends
in MBL mixing ratios of methyl iodide over the
Southern Ocean and the significant temporal incre-
ase in average mixing ratios between late Nov. and
early Dec. was attributed to a rapid transition to
summer conditions in the regions (Blake et al., 1999).
Compared to CHil levels at the northern Pacific (Li
et al., 1999) and at a northern Atlantic coastal site
(Bassford et al., 1999), those in the tropical regions
during the ACE 1 field experiment were lower by a
factor of 2-6, while atmospheric CH,I levels over
the Southern Ocean during ACE 1 were lower by a
factor of 5 than those in the Antarctic atmosphere
(Reifenhduser and Heumann, 1992).

In spite of the weak statistical base it is somewhat
reassuring to find that the current CH,I flux results
obtained using the MBPCM are not systematically
different from those previously reported in the
literature based on the air—sea exchange model. For
instance, local CH,l flux from this study is in the
value range reported in the literature and it is close
to the value (e.g., 9.3 nmol m 2 day ') in the southern
North Sea reported by Campos ef al. (1996). In
contrast, the local CH,l flux in the south polar sea
was significantly higher and reported to be 42.3
nmol m?day™! by Reifenhauser and Heumann
(1992). In the eastern Pacific Ocean (40°N-32°S) a
slightly highier flux of 27 nmol m™ day™" was repor-
ted by Singh ef al. (1983).

4.2 Comparison of the MBPCM with the

air~sea exchange model

Direct in-situ intercomparison of CH,I flux using
the air-sea exchange model with that using the
MBPCM was not available in time and space.
However, similar location and close time period for
sampling allow us to compare these two methods,
Methyl iodide concentration in seawater was highly
supersaturated (i.e., average saturation anomaly of
about 4500%) so that the CH,]I flux using the air-
sea exchange model was calculated as the product of
the seawater CH,l concentration and the exchange
coefficient (V,). The latter is calculated using Liss
and Merlivat (1986) parameterization. For the
exchange coefficient, methyl iodide’s Schmidt num-
ber was estimated from that for methyl bromide (De
Bruyn and Saltzman, 1997) with assumption that the
ratio of the diffusivities is inversely proportional to
the ratio of the molar volumes to the power of 0.6
(Wilke and Chang, 1955). For the CH,] flux estima-
tion, Wanninkhof (1992) parameterization was also
used for the upper limit values.

The fluxes estimated from the air-sea exchange
model are also shown in Fig. 4. Those using Liss
and Merlivat (1986) (hercafter identified as L & M)
ranged from 0.5 to 33.6 nmol m > day™" and the
average value was 11.4. CH;l fluxes using L & M
parameterization showed higher values in tropical
regions and northern extratropical regions than in
the southern extratropical regions by the factor of
1.6. The fluxes using Wanninkhof (1992) (hereafter
identified as W (92)) were doubled. Although direct
flux intercomparison in terms of time and space was
not available during the ACE field program, relative
comparison of CH;l fluxes was possible. The sam-
pling time period for seawater CH,lI observations
was mid-Oct. through early Nov., while that for
airborne CH,1 observations was early Nov. through
late Dec. Time overlap is only one day, but the
locations are not overlapped. For the entire ACE 1
sampling locations, average CH,l flux (e.g., -11
nmol m™? day ') estimated from the air-sea ex-
change model was consistent with that from the
MBPCM. In general, fluxes for the air-sea exchan-
ge model bracket those for the MBPCM. In the lati-
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tudinal range of 30° —40°S the average flux for L &
M was 9.9+8.7 nmol m™2day™! and the MBPCM
flux for the similar location (Flight 29) was 9 nmol
m~2day™". In the sub-tropical regions (10°S~10°N)
average flux for L & M was 7.744.1 nmolm™2day™’,
whereas that for the MBPCM (i.e., Flights 6, 31, and
32) was similar to W (92) (i.e., 11 nmol m™> day™).
The CH4lI flux for Flight 5 in the northern tropical
regions was also closer to W (92) than L & M. The
fluxes in the STCZ for the MBPCM were closer to L
& M than W (92) in adjacent regions. In spite of the
weak statistical base it is somewhat reassuring to find
that our results (MBPCM) are generally consistent with
those previously reported (air—sea exchange model) by
Moore and Groszko (1999). At this time we believe it
would be premature to draw any final conclusion of
selecting one method over the other with respect to L
& M and W (92). This results from the fact that the
number of detailed comparisons was small and that the
conditions under which the comparisons were made
were far from ideal. In addition, our results are less
uncertain compared to the air-sea exchange model (flux
uncertainty of a factor of 2). Section 4.3 contains a
detailed discussion on uncertainty in flux determination.

4. 3 Sensitivity and uncertainty analyses of
CH;,I flux

To explore the potential magnitude of systematic
errors in the CH;l flux estimates, model sensitivity
calculations were carried out for each major varia-
ble in Eq (1) (i.e., EMD, [CH;l] ), J, [OH], and Iw
(0CH;1/0z)dz). The procedure followed involved
increasing and then decreasing the value of each
variable by a factor of 2 and then examining the
effect on the calculated flux. Thus, the sensitivity of
the flux estimate to possible systematic errors in
each variable was defined in terms of the correspon-
ding change in the value of Py, Table 3 summa-
rizes the results from this analysis by displaying the
average values resulting from following this proce-
dure for all 10 flux estimates. Not surprisingly, it
can be seen that the CH;I flux is found to be linear-
ly dependent on the EMD, [CH;l] oy, and Jeyy. It
is somewhat less linear for [w (9CH;I/dz)dz).
However, it is almost nonlinearly dependent on [OH].
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Table 3. Summary of sensitivity test of MBPCM to CH,l
flux.

Input parameters Change factor Change factor in Fg,_s;

EMD +2 +2
[CHy]p, +2 +2
J +2 +2
[OH] +2 +1.1
hBuL
“Wa[_CPM]dZ +2 +15
oz

hBL

On average, the contribution of large-scale mean
vertical motion to the CH;l flux was 30%. The lack
of sensitivity of the flux estimates toward [OH]
reflects the insignificance of this term as loss process
for CH;l (e.g., less than 10%) relative to the loss from
photolysis.

The magnitude of the random error associated
with each CH;I flux determination was estimated
from an error propagation analysis. The resulting
values ranged from 30 to 50%, with an average of
40%. The three major contributors to this overall
error were: Jey,;, CHjligg, and EMD (iee., 30, 15,
and 20%. respectively). The error associated with
Jen, was related to the uncertainty in the absorption
cross—section area and the parameterized actinic
flux. The error on the cross—section area was typi-
cally 5% (Rattigan et al., 1997). The uncertainty
specified for the value of CH;1y,, primarily reflects
atmospheric fluctuations of this species rather than
any inherent instrument precision problems in
measuring CH;l. Regarding the final parameter,
EMD, both the uncertainty in defining the BL height
as well as an in accurately assessing the vertical
gradient in CH;I contributed equally to the overall
error. The error associated with the major contributor,
J value, was primarily related to the uncertainty in the
estimation of the CCF as well as the actinic flux. This
reflects the fact that clouds were often encountered
during the ACE 1 airborne sampling program.

5. CONCLUSION

The MBPCM approach was used to evaluate sea-
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to—air CH;l fluxes in the Pacific Ocean and the
Southern Ocean. These evaluations were based on
10 airborne observations of the ACE 1 field study in
Nov. and Dec. of 1995. Eleven BL sampling events
covered the latitude range of 2°N to 55°S and
encompassed a flux range of 4 to 33 nmolm > day ™.
The average value emerging was 11+8 nmol m™
day™!. The CH;I fluxes in the tropical regions were
significantly higher than those in the Southern
Ocean, ranging from 10 to 33 nmol m™ day™' and
gave an average value of 17+ 11. During the ACE 1
field experiment, atmospheric CH,l levels were
somewhat lower than those reported in the litera-
ture. The average atmospheric CHsl concentration
in the MBL (< 1km) in the tropical regions was 0.7
=+0.2 pptv, while that in the Southern Ocean was 0.5
+0.2 pptv. When compared to the MBPCM, methyl
iodide fluxes estimated by the air-sea exchange
model (L. & M) ranged from 0.5 to 33.6 nmol m™
day' and the average value was 11.4. In spite of the
weak statistical base it is somewhat reassuring to
find that the current CH;l flux results obtained using
the MBPCM are not systematically different from
those previously reported in the literature based on
the air—sea exchange model.
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