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1991 ATMOSPHERIC CHEMISTRY GORDON RESEARCH CONFERENCE

The focus of the Gordon Conference on Atmospheric Chemistry was to address and
discuss several timely issues involving region~ continental and global scale chemical
processes in both the troposphere and the stratosphere. These issues included
photochemical pollutioq tropospheric oxidative capacity, acid formation and deposition

F
emhouse gas build-up, cloud and aerosol effects on chemistry and radiatioq. _- - .-—. _

iogeochemwa.1 cycIing of trace atmospheric species and stratospheric ozone depletion.

The technical sessions were organized along the topical lines used to define the U.S.
Global Tropospheric Chemistry Program with an added Policy and Perspective topic.

. .
The Conference was very successf@ it brought together over 150 active researches

in the atmospheric chemis
!2

field, with about 30 inviteds eakers and discussion leaders.
The participants included $advanced aduate and post octora.1 students which attended
a special meeting at MIT (ACCESS I) %r several days preceding the Gordon Conference.
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by their projections onto the spherical harmonics. Horizontal derivatives are computed analytically
and nonlinear (advection) products are computed on an equivalent grid which is obtained by a
spectral transform from the spherical harmonic coefficient space (Sela, 1980). Vertical derivatives
are computed by finite differences. The COLA AGCM includes parameterizations of the
absorptionhransmission of both solar radiation (Lacis and Hansen, 1974) and terrestrial radiation
(Harshvardhan et al., 1987). There are also subgrid scale parameterizations for shallow (Tiedtke,
1983) and deep convection (NMC, 1988 after Kuo, 1965), for large scale precipitation, for turbulent
transport of heat, momentum and moisture (Mellor and Yamada, 1982 level 2.0), and for the
radiative effects of cloudiness (Hou, 1990). Over oceans, the transfer of heat, moisture and
momentum is parameterized using bulk formulae with transfer coefficients which are a function of
the static stability (Monin and Obukhov, 1954). The model also includes a comprehensive treatment
of atmosphere-land surface interactions which includes the inhibitive effect of vegetation on fluxes
of heat and moisture (Xue et al., 1991 after Sellers et al., 1986 and Sato et al., 1989). A realistic
surface topography is used which is taken to be the mean in each model grid cell of the Navy 10’ x
10’ topography.

The ocean model, GFDL MOM-1, is a full general circulation model of the world oceans. It is based
on the Modular Ocean Model code developed at the Geophysical Fluid Dynamics Laboratory of the
National Oceanic and Atmospheric Administration (Pacanowski et al., 1991). The domain is global

between 70°S and 65°N. The primitive equations are solved by a finite difference method in both
the horizontal and vertical (Bryan, 1969). A stability dependent scheme is used for the
pararneterization of vertical mixing (Philander and Seigel, 1985). Horizontal mixing is calculated
along isopycnal surfaces, using a coefficient of mixing that depends nonlinearly on the horizontal

scale of flow. A realistic basin bathymetry which is interpolated from the Scripps 10 x 10 data set,

and a realistic basin geometry which includes major islands, are used in the model.

The coupling of the two models is achieved by using the surface fluxes of heat, momentum and fresh
water computed by the AGCM as boundary conditions for the OGCM at three hour intervals. The
OGCM computed sea surface temperature is then applied as a boundary condition for the next three
hours of AGCM integration. The AGCM is initialized with an observed atmospheric state (NMC
analysis) and using the observed sea surface temperature as a boundary condition during the first
three hours of integration. The OGCM is initialized at a state of rest with the temperature and
salinity fields specified to be the Levitus (1982) climatology. No additiord fluxes such as might be
necessary to correct the model’s “climate drift” are specified at the ocean-atmosphere interface.

For the purposes of different climate simulations, we have found three resolutions to be
advantageous which are referred to as the Low (L), Medium (M) and High (H) resolution coupled
models. The L model includes the AGCM in rhomboidal truncation at wave number 15 with nine

vertical levels (Rl 5L9) and the OGCM with a 3° x 3° grid and 16 vertical levels, 10 of which are

in the upper 300 meters. The M model consists of theR15L18 (18 vertical levels, four of which are

in the planetary boundary layer) AGCM coupled to the OGCM with 1.5° longitudinal resolution,
varying latitudinal resolution and 16 vertical levels. The latitudinal resolution is a constant

0.5° between 10° S and 10° N which increases to a maximum value of 1.5° poleward of 10° latitude.

The H model is the R40L18 AGCM coupled to the OGCM with 1° longitudinal resolution and 16



vertical levels. The latitudinal resolution is 1/3° between 10°S and 10”N increasing poleward of 10°

latitude to a maximum value of 1°.

2. Numerical experiments:

We have used the L and M models both in coupled and uncoupled climate simulations in order to
improve our understanding of the predictability and variability of the climate system. These
experiments are outlined below.

In an effort to estimate the level of ultra-low frequency variability in the coupled climate system, the
L model was integrated for 400 years and compared to similar length integrations of the uncoupled
AGCM with constant, annual mean, boundary conditions and with repeated seasonal cycle boundary
conditions. The three integrations were made in order to test a hypothesis made by Lorenz (1976)
that the climate system is transitive or almost intransitive depending upon the seasonality of the
forcing and the degree to which very long time scales are inherent in the system, such as when the
deep ocean circulation is included. We found that the Lorenz hypotheses were verified to some
degree (Schneider and Kinter, 1993). In particular, we found that significant variability at long time
scales (decadal to interdecadal) is present even in the integration with no intrinsic (a priori) time
scales longer than one year. Figure 1 shows a 200-year mean of the precipitation simulated by the
L model which agrees well with observed estimates of the global distribution of rainfall. This is
indicative of the degree of realism that can be attained with the L model. A mojor remaining question
of relevance to the CHAMMP program is the degree to which that realism is improved or degraded
at higher resolution.

The M model has been used for a number of tests in preparation for predictability and variability
studies. Most recently, the M model has been used to assess the physical basis for the annual cycle
and interannual variability in the tropical Pacific.

The main objective of this project has been to develop the H model to a level at which it is a useful
tool for assessing climate variability and to integrate that model from an initial state as close as
possible to the observed climate state at a given time. This integration is to be compared with both
the observations and an uncoupled integration of the AGCM in which observed SST and other
boundary conditions are imposed.

Toward that end, we have been examining two problems within the high resolution framework,
namely, the diffusion of the tropical thermocline in the high resolution OGCM and the problem of
climate drift in the coupled model.

Climate drift in the tropics is one of the major problems in ocean general circulation models. Forced
by seasonal climatological wind stress, integrating of our high resolution OGCM from a realistic
initial thermal state produces a diffused thermocline near the equator. This means that the vertical
temperature gradient is reduced significantly at the thermocline level. At the same time, the slope

of the isotherms along the equator is flattened. The temperature errors can be as high as 3°C in the
annual mean with excessive warming in the east and cooling in the west around depths of 80 to 100
meters.



We found from previous experiments that both the diffusing and flattening of the thermocline near
the equator occurs rapidly in the model. Large changes usually take place in the first three to four
months of integration. In the following, we will describe a series of experiments which have been
done recently to study the effects of the model resolution and initial conditions on the climate drift
of the thermocline.

One hypothesis is that the medium resolution OGCM may not have enough vertical levels in the
upper ocean to adequately resolve the thermocline which may induce strong diffusion in that region.
To test this hypothesis, we have developed two new versions of the OGCM with higher resolution.
For the first one (referred to as model I), we increased the vertical resolution to 27 levels, with eight
of the new levels added in the upper 300 meters. This new distribution of levels gives a vertical
resolution of 10 meters in the upper 100 meters which gradually decreases to about 25 meters at
depths between 200 and 300 meters. For the second one (referred to as model II), we increased the

number of vertical levels to 27 as in model I and we increased the horizontal resolution to 10x 1/3°

in the equatorial region. This is the same as used in the H model.

We have integrated model I for six months and model II for 18 months, both runs initialized at a state
of rest with the climatological temperature and salinity distributions for January (Levitus, 1982) and
forced with climatological monthly mean wind stress (Hellerman and Rosenstein, 1983, multiplied
by a factor of 0.75 everywhere). A comparison with the results of an integration of the medium
resolution OGCM using the same initial and boundary conditions shows that there is only modest
improvement in the simulation of the thermocline position and temperature gradient. However, the
climate drift is still significant in both models. Compared with Levitus (1982), temperature errors
in both simulations at the sea surface and in the vertical cross section along the equator have very
similar pattern and magnitude compared to those from the medium resolution OGCM.

Our experiments on the effects of initial conditions resulted from the observation that the bvitus
(1982) monthly temperature climatology, which is widely used to initialize ocean models, displays
large meanderings of the thermocline depth. It may be that these large disturbances in the
temperature field may increase the imbalance between the model ocean and the wind forcing, which
would cause strong adjustment of the ocean fields at the beginning of an integration.

As a substitute for Levitus (1982), we derived temperature, salinity, and velocity analyses for the
Pacific Ocean from the NMC data assimilation system (Ji et al., 1995) for July 1986 through April
1987 with one set of fields for each month. We have inserted the NMC data of July 1986 into model
II at the end of the 18 month integration previously described, and then integrated model II for
another six months using the ECMWF monthly surface wind stress for 1986 multiplied by a factor
of 0.75. In parallel to this integration, we also ran model II using the end of the 18 month run as an
initial condition except that the temperature and salinity were replaced by the Levitus (1982)
climatology for July.

These two integrations have significantly different temperature and zonal velocity distributions near
the equator. At the end of the six month integration, the temperature difference below 100 meters
is as high as 2°C while the difference is less than 1‘C in the upper 100 meters. The temperature



tendencies in both integrations are quite large and have similar patterns, and the error compared to
the NMC analysis is also similar.

As mentioned above, we have also been examining the problem of coupled model climate drift. One
possible solution to this problem is to employ an anomaly model approach in which only the
departure from normal is integrated forward in time in the model and the mean fields are held to their
observed values (Cane and Zebiak, 1985). We have used the anomaly coupling approach to perform
a series of multi-year integrations of the M (coupled) model. An eight-year integration has been
performed which includes two sets of experiments. The first is a two-year integration after which
some inaccuracies were identified in the correction terms. After improving the accuracy, the second
integration was carried out for six years.

The purpose of the multi-year integration is to test if the anomaly coupled GCMS can simulate
realistic interannual climate variations such as are observed during ENSO events. This is an
important preliminary to performing meaningful variability experiments. The results have been
encouraging insofar as both warm and cold events resembling observed events are simulated”in the
six-year integration and the model reproduces observed coupled instability in the central Pacific.

It seems that the M model using the anomaly coupling strategy maybe a practical way to produce
ENSO predictions because of the prevention of climate drift of the mean state. However, it is
unclear how the systematic errors of the component models influence the anomaly fields. We also
intend to examine the influence of the anomaly strategy on other forms of seasonal to interannual
variability.
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