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including isoprene and terpene. The distribution of the emissions in the
model is described by ten separate source categories, each having a separate
dependence on latitude and time of year. The derivation of these functions

of latitude and time of year is discussed by Hough [15], who also describes

the full chemical mechanism.

3.3 WATER VAPOUR AND CLOUDS

The model treats evaporation from the surface using local values of the
vertical diffusion coefficient. In each grid cell, the local precipitation rate
into the grid cell immediately below is parameterised as a smooth function of
the relative humidity. The water vapour pattern produced is similar to‘that
observed, including the observed minimum in the region of the tropical
tropopause [14]. The predicted rainfall pattern is similar to a latitude
average of the observed annual rain- fall. The cloud cover in each grid cell
in the lowest few kilometres of the model is calculated using the algorithm of

Buriez et al. [4] based on relative humidity and atmospheric pressure. 3.4

3.4 REMOVAL AND BOUNDARY PROCESSES

The model includes both wet and dry deposition. Dry deposition
velocities for each species removed are used, taking into account the fraction
of land, sea and ice in each latitude range. The species removed by dry
deposition are: Og , NOy , PAN, Hy Oy, Hy, CO and organic peroxides. Wet
deposition is parameterised as a function of the local liquid water content,
the rainfall rate, and the solubility of the species concerned. Species
transported and removed by wet processes are: HNO, , H, O, , HCHO,
organic peroxides, and o-dicarbonyl compounds.

Transport across the upper boundary of species with very low mixing
ratios in this region can be ignored. However, this is not the case for ozone,
NO, and methane, and the exchange of these species across this boundary

needs to be modelled. This exchange is represented as diffusion, using the
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local value of the vertical diffusion coefficient. The required mixing ratios of
the species above the model domain were taken from observations, including

satellite observations for ozone [16].

4. RESULTS

A complete description of the model results for a simulation of
present-day conditions is given by Hough [15]. The model has also been used
to simulate future atmospheric concentrations of trace gases from estimates
of emission changes. The assumption made in this approach is that the
other model input parameters, including atmospheric temperatures,
remain constant during each simulation. However, the change in
tropospheric chemistry with temperature is one of the feedbacks between
climate and the chemistry of the atmosphere [19], and the resultant change
in the radiatively active gases in the model (O3 , CH, and N, O) is clearly of
interest, and the effects of altering the temperature globally are investigated
here.

Several changes to the model conditions are caused by changes in
temperatures. The increase in the saturated water vapour pressure with
temperature results in increased water vapour concentrations throughout
the domain, as the rainfall amount is controlled by an algorithm which
tends to maintain the relative humidity at the same values. The increase
in the global inventory of water vapour is 6.7 % K1 , slightly higher than the
increase in water vapour content per unit surface area of 5.5 % K found by
Ravel and Ramanathan [18] from a regression of water content with sea
surface temperature. This increase has a direct radiative feedabck to global
climate, but also influences tropospheric chemistry, mainly through the
reaction (2.1).

The global inventory of the hydroxyl radical (OH) was found to
increase by 3.7 % K1 , which has important implications for many other

species due to the reactivity of OH. Many species which react with this
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radical, such as methane and the non-methane hydrocarbons, decrease by
1.3 % K1 . Other radicals interdependent on OH have also increased: HO by
2.2 % K and CH30, by 4 % K2

The increased evaporation rate results in higher rainfall amounting to
about 5 % K . This has the effect of increasing the washout of species
which are soluble, but this is compensated by the reduced solubility at
higher temperatures and by the change in concentrations, as well as the fact
that highly soluble species are already efficiently removed in lower levels of
the atmosphere. The net effect is that the washout remains the same for
HNOg , decreases slightly for HCHO, CHy COO, H, HCOCHO and
CHg COCHO, and increases slightly for Hy; O and CH; OOH.

Many of the thermal rate coefficients used in these calculations are
temperature dependent [1], and four of these have much greater
temperature coefficients than any others, in the range 16 t0 22 % K1 . These

refer to the thermal decomposition reactions:

4.1) HO,NOy+ M --->  NOy +HOy + M
(4.2) NoOg+M > NOg +NOg + M
(4.3) CH3OoNOy+ M > CHgOy+NO, + M
(4.4) PAN +M --> CHgCOz+NOy+M

The high decomposition rate of PAN at high temperature is well
known, and limits its distribution in the atmosphere, and also creates large
seasonal changes. The rate of change in the global inventory for PAN is -8 %
K1 in January and -13 % K1 in July. This change reduces the proportion of
the total reactive nitrogen in the form of PAN, though the seasonal change is
greater. The dry deposition of PAN to the surface is also reduced, but this
represents only a small term in the NO, budget. In addition to changes in
the thermal rate coefficients, small increases were observed in the
photolysis rates due to temperature sensitive cross sections and to reductions

in the concentrations of the absorbing gases.
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The amount of ozone in the model decreased with increasing tempera-
ture at a rate of about 1.5 % K . This is largely due to the reaction (2.1)
proceeding more rapidly due to the increased water vapour concentrations,
but changes due to increased radical concentrations also increase the rate of
loss of ozone. The loss is partially compensated by increases in
photochemical production caused by increases in the radicals HO, and
CHgz Oy . The increased reactivity of the model reduces the turnover time for
ozone in the model from 57 days to 54 days when an increase of 2 K is applied.
Of the other radiatively active gases in the model, nitrous oxide has a long
lifetime in the atmosphere and is not studied here. The final change in the
methane concentrations due to the temperature rise has not been determined
because its lifetime 1is several times longer than the model run time.
However the loss of methane proceeds mainly through its reaction with OH,
and an increase of around 1.2 K is sufficient to change the model from having
an increasing inventory of around 0.6 % per year to one with a stable
inventory. Further increases in temperature will result in a net loss of tropo
spheric methane assuming that emission remains constant.

The treatment adopted here has been idealistic, as global temperature
rise has been applied uniformly throughout the model domain. Only the
changes in atmospheric chemistry have been modelled here, ignoring
changes in emissions with increasing temperature and alse treating the
atmospheric transport as invariant. The maintenance of relative humidity
in the model applies two constraints to its behaviour: the increase in water
vapour concentration is restricted to that indicated by the saturated vapour
pressure curve, and the cloud amounts remain constant because they are
also linked to relative humidity. Changes in cloud amounts may also need

to be considered, as these influence the photolysis rates used in the model.
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5. CONCLUSIONS

The FACSIMILE/CHEKMAT program for solving sets of ordinary
differential equations is briefly described. Many features of this program
make it easy to use by scientists who are not expert mathematicians,
including a user language with special features for reaction kinetics and
diffusive and advective transport. As an example of its use, a large
Eulerian grid model of the global tropoéphere is briefly described, together
with an example of its use to show the sensitivity of tropospheric chemistry
to temperature.

The increase in atmospheric water vapour with increasing tempera-
ture is well known, and forms a positive feedback to the greenhouse effect.
The increased water vapour concentrations also influence the tropospheric
chemistry, notably on the radical concentrations in the troposphere. This
has the effect of decreasing the concentrations of two radiatively active gases

in the model, ozone and methane, and thus forms an additional negative

feedback to global temperature change.
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