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I  INTRODUCTION

The linkage between the sea surface temperature (557
field and the hydrological cvele has been studied for the
past few decades. In thege sensitivity studies, the ST
anomalies were of recognizable scale and always treated
as deterministic functions of time and space. One might
ask sucl a question: What is the atmosphetic response
tor in turn the air-ocean Muxes) 1o stochastic and tiny
35T anomalies? Solving this problem has a great practi-
cal implication, If the hydrological eyele is not sensitive
to small random SST change, we might use law pesoly-
tion (in space and time) 8T input to run models  [f
the hydrological cvele is very scnsitive to tiny and ran-
dom S5T anomaly, we need use high guality and high
resolution S5T data. In this baper, we use the most
recent version of the well-developed NCAR Community
Climate Model 1o explare the effects of tiny, random ST
disturbance on the air-ocean surface fHixes,

2  EXPERIMENTAL DESIGN

2.1 MODEL DESCRIPTION

The model that we used in this study 1s the NCAR Com-
munity Climate Model Version 3 (CCM3), which has
evolved from the Australian spectral madel deseribed by
Baurke et al: (1977), and modified fronn the earlior ver.
ston (Hack et al, 193,

22 A Tiny

ANOMALY
In contrast to traditional studies on atmospheric re-
sponse to 55T anamaly, we use a Gaussian-type randaom
variable (6T) 1o represent S§T anomalies. The proba-
bility distribution function is given by

e
F(aT) = .-_"l_ EXp [,.. (#7) }

A o g 2o

GAUSSIAN-TYPE S5T
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where 607 s a random variable with & zero mean ang 5
standard deviation of o, Sjpee aul interest is to s e
tesponse of atmosphere 10 tiny random SST anomiljes,
we 5l

o =05 [4)

in this study. This value (0 05°C}) 15 less than the current
tmstrumentation error and the climatir variability, The
NMC 5ST data show that positive anotnalies ocoupied
vast area of the Atlantic Ocean with a valie of 2°C) in the
Gulf Stream extension Just off the coast of North Amur
tea in January 1094 (Fig.la) and even larger in July 1994
(Fig:.1h). We used a random number generator (FOR-
TRAN function, Ranf) to produce random disturbances
for each grid point independently with mean value of
zera and standard deviation of (.05°("

2.3 EXPERIMENTS

2.3.1  ConTRoL Ron

The initial condition used in, this study js 1 Septermnber's
climatology of the atmospheric and surface fields. which
was provided by the NCAR Climate and Gilobal Diynam-
ies (CGD) Division. The surface boundary econditions
were monthiy sea and land surface temperatures (also
obtained from NCAR CGD Division) linearly interpo-
lated onto each time step (20 min), Weintegrated COMS
for 16 months from ] September to 31 December of the
next year, and used the data hetweag | January to 31
December of the second year for comparison,

2.3.2 AxoMmary Ruw

After three months of the control run, we added timy
Gaussian-type random SST anomaly with zero mean
and 0.05°C standard deviation {for example as shown
in Fig.1) zenerated by the FORTRAN random number
generator appliad to monthly 55T dats {first year De
cember ta second year December), and then interpolated
mto each time step. The rest of the forcing was kept the




same. The model were integrated from 1 December of
the first year to 31 December of the second year (Fig.2).
We compare the air-ocean interfacial moisture Hux for
the second year hetween the two runs, and call the dif-
ference between anomalous minus control runs as the
anomaly response.

243 Roor-Mean-Square DIFFERENCE (RMSD)
The difference of the two runs (anomaly run minus con-

trol tun) of any surface variable 3 is a function of space
(z,y), and time ¢,
Az, 15, t) = Yalzs yi b)) — el 35, 1)

where tb, and . are the variables from anomaly and
control runs, respectively. We define RMSD for investi-
gating the temporal variation of the global difference,

RMSDy(t) = \/% SOY Ay OF (3)
]

where M is the total number of horizontal grid points.

3 STATISTICAL TEST
The simulated fields in the two cases were analyzed in
terms of monthly mean fields (near 30-day), from the
second vear January to December. For each grid point
of CCM3 a normalized response

[Ag(z, ut)|
S‘#’{I: W, i’}

is calculated for any variable (i.e., the tiny-random
change response) at the grid point (z, y) and time period
t, and Sy(xz,y, ) is the estimate of the standard devia-
tion of monthly averages of the variable for the CCM3
control integration. This parameter, v, is proportional
to t-statistic. Table 1 (from Chervin, 1976) shows the
relationship between r and the significant level for two-
sided t-tests. As pointed by Chervin st al. (1980), we can
regard as significant those response patterns which are
associated with extensive regions where ¢ = 4 (2 prion
significance criterion.) For clarity, in subsequent figures
of surface lux response, we present the corresponding
geographical distribution of r-values.

r(z t) = (4)

4 MONTHLY-AVERAGED
SURFACE MoOISTURE FLUX OF THE

: RESPONSE

_ 4.1 PRECIPITATION RATE
s The precipitation rate anomaly (A Pr) response is shown
in Fig.3a (for January) and 3c (for July), respectively,

Figure 1 - Global 88T anomaly from NMC Climat
Center: (a) January 1994, and (b) July 1994, 1
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Figure 2 — Control and anomaly runs.

Significance level for two-sided t-test
0.5169
0.2286
0.1002
0.04649
0.0238
0.0131
0.0077
0.0047
0.0031

W D =] O LN e LRI — N

of r corresponding to four degrees of freedom and
t=r/sqrt(2) (from Chervin, 1976).
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with the correspanding maps of the r-values being shown
i Fig.db {for January) and 3d (for July). The evident
anomaly response is found over land at the southwest of
the United States, Tibetan Plateau, Lybian Desert, the
South Afeica, Northeast Australia, Queen Maud Land
in both January and July. In January evident anormnaly
response 15 also found over the oceans.

4.2 SURFACE NET MOISTURE BUDGET
Evaporation rate minus precipitation rate is the net
moisture flux from ocean to atmosphers (Fig.4), The ev-
tdent anomaly response is found over land at the south-
west of the United States, Tibetan Plateau, Lybian
Desert, the South Africa, Northeast Australia, Queen
Maud Land in both January and July. In January evi-
dent anormaly response is also found over the oreans,

4.3 TEMPORAL VARIATIONS oF RMSD FoR
Varlous MoISTURE FLUXES

Temporal variation of RMSD for the net surface mois-
ture flux is shown in Fig.5. The temparal Similar to the
surface wind stress, two modes were found from Fig.a:
{a) near-linearly growing mode and (b) oscillatory mode.
During the near-linearly growing modes, EMSDgy, ., in-
creases from 0 to an evident value (5.7 mm/day) at
around the 20-th day.

During the oscillatory modes, RMSD
between 6.5 mm/day and 4.4 mm/day.

oscillates

nel

3 CONCLUSIONS

L. This study shows large responses of hydrolagical cy-
cle to a tiny Gaussian-type random SST disturbance.
After three maonths of the control run of the NCAR
COM3 model, we introduced a tiny Gaussian-type ran-
dom 55T anomaly (zero mean and 0.05°C standard de-
viation} generated by a FORTRAN random number gen-
erator to the S5T data at each grid and ran the model for
another 13 months (anomaly run). The rest of the fore-
ing were kept the same as the control run. The monthly
mean values for both the control and anomaly runs were
used for comparison. It is quite surprising that the re-
sponses of surface fluxes were very strong, even in the
monthly mean values.

2. Two modes of the global respouse were found in
this study: {a) near-linearly growing mode and (b) os-
cillatory mode. During the near-linearly growing modes,
the difference of the root-mean-squares (RMSDs)
tnerease from 0 to evident values at around the 20-th
day:

AMEDy ., = 5.7mm/day
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Figure 3 — Response of monthly mean precipitation
(mm/day) to a tiny ransom 55T anomaly for: (a)
January, and (c) July. The r-statistics are given in
ib} January, and (d) July..




Curing the oseillatory modes, RM3D: aseillates around
these evident values:

3. Several geagraphic locations were found sensi-
tive Lo the tiny-55T anarnalies, Palar regions. Tiketan
Plateau, Northeast Australia, North Afeiea, South bip of
Lhe Afriea, and western Pacific,

4. Integration of atmospheric model needs accurate
SST data. The noise in the SST data may bring drastic
change in the madel results,

5. From the RMSD values. we estimate that the un-
certainty of 5.7 mm/day in the net moisture Qux.
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figure & - Tempural variation of RMSD for varipus

surface moizture Auxes (unit: mm/day j: {a) pre-
cipitation, and (b) net surface moisture fux. The
horizontal axis starts from the first day (t=0) when
the tiny random 55T anomaly was introduced,
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