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ABSTRACT

The sensitivity of the GFDL ocean model to stratification-dependent
diapycnal diffusivity Ky « N'! has been examined. Provided that the value
of K4 in the upper ocean is small (of order 0.1 cm?s™!), model diagnostics
such as meridional heat flux, meridional stream function, and direction of
deep interior flow are relatively insensitive to changes in the deep
diffusivity. However, use of K; « N! significantly changes the model’s
deep ocean density stratification, suggesting that the specific
parameterization chosen for K; may be important in problems which are
sensitive to deep ocean characteristics.

INTRODUCTION

The question of the sensitivity of ocean models to the particular form and
magnitude of diffusion coefficients is of considerable interest to
microscale observers, who naturally wish to know the broader significance
of the scales they measure. Moreover it is central to the question of how
much faith we should place in present numerical ocean models, particularly
those used in the predictive sense required by climate concerns. However,
while the perceived need for sensitivity studies is great, it is not clear
liow best to proceed with them. Models with sufficient horizontal
resolution to resolve mesoscale eddies (hence eliminating the need to
parameterize the associated stirring and mixing effects) are presently
being run but are so computationally intensive that the thermohaline
cireulation is not calculated (Semtner and Chervin, 1988) and/or does not
achieve steady-state (F. Bryan, this volume). Thus it is not yet possible
to carry out an exploration of the effects of different parameterizations
of K,, the diapycnal eddy diffusivity for mass, in eddy-resolving ocean
models. If we back off to non-eddy-resolving models which parameterize
the effects of eddies on the mass field by a horizontal eddy diffusivity
K,, assumed to be much larger than K,, it becomes possible to carry out
extensive investigation of the (K4, K,) parameter space. Unfortunately,
there is no guarantec that the observed sensitivity to K4 in such models
will necessarily carry over to eddy-resolving models. 1In this Catch-22
situation, we are left with the reality that the models presently being
coupled with atmospheric models for climate studies are of the non-eddy-
resolving variety. Thus it seems necessary to investigate the parameter-
space sensitivity of such coarse resolution models.
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This paper reports preliminary results of an investigation of the effects
of a non-constant K; on the widely distributed GFDL model (Cox, 1984). In
particular, we examine the stratification-dependent diffusivity proposed
by Gargett (1984): Ky = a,N'', with a, = 107 cm?s™®. To facilitate
comparison with Bryan's (1987) investigation of the effects of different
constant values of K, we chose a model configuration which is roughly
similar in both physical configuration and forcing.

The standard GFDL code was implemented in a flat-bottomed ocean basin of
dimension 60° in both latitude and longitude. Resolution was 1.5° in both
horizontal directions, while the 5 km depth range was divided into 15
levels, weighted to provide increased resolution in the upper ocean. The
model is forced by a steady double-gyre zonal wind stress, resulting in
the standard double-gyre form for the barotropic stream function (Fig. 1).
The surface layer T (temperature) and S (salinity) are required to relax
to the zonally constant meridional profiles shown in Figure 1, with
relaxation time constant of 25 days. Convection is incorporated by
setting Ky to a very large value (10* cm?s™!) where unstable density
gradients were detected (in place of the standard ‘convective adjustment’
algorithm). The diffusion tensor was rotated to parallel the local
isopycnal slope (Redi, 1982), with a view to reducing implicit mixing
across isopycnals due to horizontal diffusion K; acting in regions of
sloping isopycnals: the isopycnal diffusivity K, = 1 x 107 em?s™? in all
experiments. Unfortunately, a non-zero value of K; must be retained in
order to maintain numerical stability, so the experiments are not free
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Fig. 1. Two-gyre barotropic stream function resulting from the GFDL model
forced by the zonally constant wind stress shown at the left.

Thermohaline forcing is by relaxation of surface layer T and S to zonally
constant values shown at the right. Heavy lines mark standard sections
used to display N-S and E-W variation of model results.
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from effects of K,. Table 1 gives the values of Ky, K, and K, used in the
three experiments which are reported here.

Experiment 1 was started from rest and spun up using the accelerated
convergence mechanism of Bryan (1984). After ~1000 years of equivalent
real time (ERT), the system reached a quasi-steady-state, in which the
time trends of area-averaged deep ocean temperatures were less than

(5 x 1073)°C/century. Subsequent experiments, initiated from the end
state of Exp. 1, took a few hundred years ERT to regain quasi-steady-state
after change of K.

Table 1. Values of diapycnal diffusivity Ky, isopycnal diffusivity K,,
and horizontal diffusivity K, used in model runs.

a, = 1 x 107% cm?s 2.

EXP Kq4 (cm?s™1) K, (em?s™1) Ky, (cm?s™h)
1 0.2 1 x 1077 1 x 1077
2 aN"? 1 x 1077 1 x 1077
3 a N1t 1 x 1077 0.33 x 1077

EFFECTS OF K4 = a/N'!

Implementation of the stratification-dependent diapycnal diffusivity

Ky = a,N! was straightforward and produced no problems. The resulting
distribution of K4, shown in Figure 2, has low values in near-surface

(z 2 500m) mid-ocean regions; with increasing depth (decreasing
stabilities), values rise, reaching 0(1 cm?s }) near 1 km and 5-7 cm?s™! in
the bottom kilometer of the basin. Even higher values near the northern
wall are associated with low stabilities downstream of the region (in the
northeast part of the domain) where convection drives the thermohaline
cell. These low stabilities are advected south in a western boundary
undercurrent, where they are visible in the section at 20°N (not shown).

2

Although the field of Ky varies by nearly two orders of magnitude from the
once-canonical value of 1 cm?s™!, the effect of such variation on the
advective heat flux carried by the ocean (a quantity of primary importance
to global climate models) is relatively slight. As seen in Figure 3,
using K4 = aoN_1 (Exp. 2) instead of the constant 0.2 cm?s™! (Exp. 1)
decreases the poleward heat flux by at most ~30% over the mid-latitude
band of interest. The poleward heat flux is calculated by averaging the
product vT, where v is meridional velocity and T is temperature, over both
the vertical and longitudinal directions. The insensitivity of <vT >
occurs because changes in the T and v fields tend to partially compensate.
Experiment 2 results in an ocean which is slightly colder above the main
thermocline (z % 750m) and substantially warmer (by ~0.5°C) below. By







