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Tropospheric Lapse Rate and its Relation to Surface Temperature for warm and cold
seasons from Reanalysis Data

Akperov M. G.'
"nstitute of Atmospheric Physics, RAS, Moscow, Russia
aseid@ifaran.ru

Estimates of the tropospheric lapse rate y and analysis of its relation to the surface
temperature 7 in the interannual variability have been made using the global monthly mean
data of the NCEP/NCAR reanalysis (1948 - 2001), in particular for warm (August) and cold
(January) seasons. The tropospheric lapse rate y for January is about 5.9 K/km in the Northern
Hemisphere (NH). Over the ocean is about 6.0 and about 5.7 K/km over the continents. For
August this value is about 6.3 K/km and 6.2 for ocean and 6.4 for continents. The value of y
has a maximum for the NH as a whole in August (7.0 K/km) and minimum (3.5 K/km) in
January (Fig. 1).

The values of dydT; (Fig. 2), the parameter of sensitivity of y to the variation of 7§ for
the NH in the interannual variability, are found for January to be about 0.06 km™ (0.060 km'
for the NH as a whole, 0.055 km™ over the ocean, and 0.061 km™ over the continents). These
values for August are about 0.038 km™ (0.038 km™ for the NH as a whole, 0.043 km™ over
the ocean, and 0.038 km™ over the continents).

Positive values of dy/dT, characterize a positive climatic feedback through the lapse rate
and indicate a general decrease in the static stability of the troposphere during global warming
(Mokhov and Akperov, 2006)(see also Mokhov 1983). Along with a general tendency of y to
increase with rising 7}, there are regional regimes with the opposite tendency, mainly over the
ocean. The negative correlation of ¥ with 7 is found over the oceanic tropics and midlatitudes,
in particular, over the oceanic belt around Antarctica (Mokhov 1993).
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Fig. 1. Geographical distribution of annual mean y [K/km] for January (a) and August (b).
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Fig. 2. Geographical distribution of coefficients of regression of y [K/km] to T [K] for
January (a) and August (b).
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Temperature Trends in Antarctic Atmosphere Detected
by the Method Based on the Using of Hourly Observations

Oleg A. Alduchov and Irina V. Chernykh

Russian Institute of Hydrometeorological Information — Word Data Center, Obninsk, Russia,
E-mail: aca@meteo.ru, civ@meteo.ru

Linear trends in time series of temperature anomalies at the standard isobaric levels calculated by
the method based on the using of hourly observations with taking into account the possible time
correlations of observations [Alduchov et al, 2006] are presented for different months, seasons and for
year for eight coastal Antarctic stations

Radiosonde sounding data from CARDS [Eskridge et al, 1995] for eight stations: Bellingshausen
(1970-1999 years), Halley (1966-2001 years), Novolazarevskaya (1969-2001 years), Syova (1969-
2001 years), Mawson (1969-2001 years), Davis (1970-2001 years), Mirny (1969-2001 years), Casey
(1969-2001 years) were used for research of climatic changes in Antarctic atmosphere.

The results are presented at the figure 1 and figure 2. The significance of the trends is not less than
50%.
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Figure 1. Linear trends for temperature anomalies (°C) at the isobaric levels calculated on the base of
hourly observations with taking into account the time correlations of observations for different months
(at the right), season (in the center; winter — December, January, February) and for year (at the left).
The significance of the trends is not less than 50%. The first and second tropopause is marked by
pink lines. Bellingshausen. 1970-1999 years. CARDS.

Figure 1 and figure 2 show that climatic changes in Antarctic atmosphere are inhomogeneous in
the time and space.

Warming in troposphere for all months (with exception October), seasons and for year is detected
over Bellingshausen station only. Warming in middle and high layers of the troposphere is bigger than
it is in low troposphere for all season and year.

Warming in troposphere for Australian winter (marked at the figures as “sum”) was detected for all
studied stations with exception Mirny station.

Warming in troposphere for year in total was detected over Bellingshausen and very small
warming was detected over Halley and in some layers of troposphere over Mawson, Davis, and Casey.

Small cooling was detected in some layers of troposphere over Novolazarevskaya and Syova
stations.
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Figure 2. Corresponding linear trends for temperature anomalies (°C) at the isobaric levels calculated on
the base of hourly observations with taking into account the possible time correlations of observations for
different months (at the right), season (in the center; winter — December, January, February) and for year
(at the left) for Antarctic stations (from right bottom to clockwise): Bellingshausen, Halley,
Novolazarevskaya, Syova, Mawson, Davis, Mirny, Casey. The significance of the trends is not less 50%.
The first and second tropopause is marked by pink lines. CARDS.

Cooling in the low stratosphere was determined over all stations. But figure 2 shows the warming
in high layers of stratosphere for some station (Novolazarevskaya, Syova, and Mirny). The improving
of sounding system may be one of the reasons of determined cooling in stratosphere. Now sonde may
up higher for more cold weather condition.

Very like that change of cloudiness is one of the reasons of Antarctic troposphere warming [Turner
et al, 2006].

The results can be used for modeling of climate change, for comparison with results obtained on
base other data sets.
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Cloudiness anomalies and El Nino effects

A.V. Chernokulsky
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
chern_av@ifaran.ru

Effects of EI Nino on cloudiness from ISCCP data (Rossow and Duenas, 2004) in
periods 1983-2005 years are estimated. Most significant differences in cloudiness are noted
over tropical and equatorial latitudes in the eastern part of the Pacific Ocean in December-
January-February (Fig. 1) (Mokhov and Chernokulsky 2003; Chernokulsky and Mokhov,
2006). Positive anomaly in this region reaches 0.4 in El Nino years (years with the largest
positive anomalies of Nino 3 SST (5°N-5°S 150°W-120°W) (Rayner et al, 2003)). At the
same time about 2/3 of these changes are related to the changes in cirrus and cirrostratus
clouds (Fig. 2) contributing to the greenhouse effect. The mutual dynamics of temperature
and cloudiness in this region should lead to the positive feedback.

There are negative cloudiness anomalies in the equatorial latitudes in the western part of
the Pacific Ocean and in the eastern part of Indian Ocean. Cloud amount decreases in EI Nino
years by 0.1-0.2 and depends basically on changes in cirrus and cirrostratus clouds.
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Fig. 1 Difference for total cloudiness in December-January-February between 5-year-means for
years with the largest positive anomalies of the Nino 3 SST (1986-87, 1991-92, 1994-95, 1997-98,
2002-03) and neutral years (1989-90, 1990-91, 1992-93, 1993-4, 2004-05).
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Fig. 2 Difference for cirrus and cirrostratus clouds in December-January-February between 5-
year-means for years with the largest positive anomalies of the Nino 3 SST (1986-87, 1991-92, 1994-
95, 1997-98, 2002-03) and neutral years (1989-90, 1990-91, 1992-93, 1993-4, 2004-05).

This work was partly supported by the Russian Foundation for Basic Research,
Programs of the Russian Academy of Sciences and by the Russian President Scientific Grant.
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About Accuracy of High Cloud Amount Detecting from
Radiosonde Sounding

Irina V. Chernykh

All Russian Institute of Hydrometeorological Information — Word Data Center, Obninsk, Russia,
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Research of thin high cloud layers is especially important due problem of its true detection by
satellite and surface observations, from radiosonde sounding data. Difficulties in thin clouds detection
is one of the reasons of different cloudiness climatologies obtained on base different platform of
observations (Poore et al., 1995; Rossow and Duefias, 2004; Chernykh, 2001; Chernykh and Aldukhov, 2004).

According previous study (Chernykh, 2001), surface observations indicate that frequency of one-
four thin cloud layers comes for some stations to 35% from all observations. But for high clouds, as it
follows from Table 1 and Table 2, surface observations indicate that frequency of thin cloud layers
comes to 86% from all high cloud observations with one reported cloud layer. Frequency of thin
transparent high cloud layers foots up to 26% from all thin cloud layers (see No in Table 2). But big lag
error of humidity sensor is the reason for a lack of methods, based on using of the measured values of
humidity (Chernykh, Eskridge, 1996; Chernykh, Alduchov, 2002; Chernykh, Aldukhov, 2004).

Main goals of this study are: to evaluate the CE method (Chernykh and Eskridge, 1996; Chernykh
and Aldukhov, 2004) ability of cloud layers prediction from temperature and humidity profiles for thick
and thin high cloud layers for regions with different climatic conditions; to estimate the accuracy in
predicting of cloud amount and the dependence of the results on the transparency of cloud layers.

Twice-daily radiosonde sounding data and surface-based cloud observations for 1975-80 period
(NCDC, 1991) for eight stations, placed in regions with different climatic conditions are using for this
research (for more details see Chernykh, 2001). The observations with one reported cloud layer were
included in this study. Below, opaque part exceeds 50% of the cloud amount (the transparent part is
less than 50% of the cloud amount) for thick cloud layers and for thin cloud layers vice versa (NCDC,
1991). In total 3843 cases were used for analysis: 537 cases of thick and 3306 cases for thin high
cloud layers (see Table 1 and Table 2).

Statistics for observations with one observed layer that is thick or thin high cloud layer: the
percent of correctly diagnosed cloud level reports; the percent of correctly diagnosed cloud level and
cloud cover; the percents of correctly diagnosed cloud level and overestimated/underestimated cloud
amount; average cloud amount (% of the sky) calculated from surface observations presented in Table
1 and Table 2. In addition, to estimate the dependence of the results on the transparency of cloud
layers the same statistics were calculated in assumption that cloud cover equal to opaque. This results
are presented in Table 3.

TABLE 1. Statistics for observations with one observed layer that is thick high cloud layer. P, is the
percent of correctly diagnosed cloud level reports; P, is the percent of correctly diagnosed cloud level
and cloud cover. The difference, d, between observed, A,, and the predicted cloud amount interval
(Apl, Ay2) is defined as d = A, - A2 if Aj2 < Ay, and d = Al -A, if A, < Agl. Pl and P2 are the
percents of correctly diagnosed cloud level and underestimated cloud amount: A2 < A; and 0 <d <
20% (for P,1) or d > 20% (for P 2). P,1 and P,2 are the percents of correctly diagnosed cloud level
and overestimated cloud amount A, < Ayl and 0 < d < 20% (for P,1) or d > 20% (for P,2). A, is the
average cloud amount (%) calculated from surface observations and N is the number of observations
with one reported cloud layer. 1975 - 1980 years.

Station P, P, P P,2 P,1 P,2 A, N
Point Barrow 71.4 35.7 0 0 14.3 21.4 89 14
Spokane 90.9 42.4 3.0 33.4 12.1 0.0. 90 33
Albany 96.2 36.5 1.9 48.1 9.6 0.0 89 52
Medford 96.5 52.6 1.8 35.1 7.0 0.0 93 57
Ele 87.9 24.2 0.0 48.5 3.0 12.1 94 66
Cape Hatteras 89.8 51.6 0.0 30.5 7.8 0.0 94 128
Amarillo 96.7 53.8 0.0 38,5 4.4 0.0 93 91
Brownsville 96.9 61.5 1.0 21.8 12.5 0.0 86 96
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TABLE 2 is the same as TABLE 1 but for one observed layer that is thin high layer.
No is the number of observations with transparent thin high cloud layer.

Station P P P.1 Pu2 Pol P2 Az NO N
Point Barrow 74.9 29.1 9.1 6.9 5.2 24.6 42 66 175
Spokane 94.6 32.1 14.8 23.6 7.1 17.0 47 99 352
Albany 95.1 34.9 13.6 22.1 7.5 17.0 46 63 384
Medford 95.7 34.1 12.0 26.4 7.0 16.1 51 111 299
Ele 91.9 30.9 125 24.1 4.4 20.0 49 141 456
Cape Hatteras 93.8 31.6 10.7 24.1 6.2 21.2 53 114 661
Amarillo 97.5 34.8 13.9 24.5 7.2 17.0 46 202 652
Midway 82.8 17.3 13.8 24.1 3.5 24.1 50 6 29
Brownsville 96.3 28.2 12.4 15.4 11.3 29.2 42 54 298

TABLE 3 is the same as TABLE 1 but for one observed layer that is thin high layer
with opaque more than zero. P, is the percent of correctly diagnosed cloud level and opaque
of cloud layer. A, is the average cloud amount (%) for opaque of cloud layer,
calculated from surface observations.

Station P P Pl P.2 P.1 P2 As N
Point Barrow 70.6 211 4.6 0.0 4.6 40.4 20 109
Spokane 94.5 40.7 13.4 1.2 2.8 36.4 22 253
Albany 94.7 44.5 13.7 1.2 3.4 31.8 22 321
Medford 95.2 40.4 154 1.1 4.3 34.0 21 188
Ele 90.5 41.9 11.1 0.6 1.9 34.9 20 315
Cape Hatteras 93.2 34.7 12.6 2.4 4.0 39.5 22 547
Amarillo 97.1 44.2 12.7 0.7 2.9 36.7 21 450
Midway 87.0 34.8 13.0 0.0 0.0 39.1 22 23
Brownsville 96.3 34.4 10.7 1.2 4.9 45.1 21 244

Conclusion: Results, presented in Tablel — Table 3 for high clouds, have shown that frequency
of correctly diagnosed cloud level and cloud cover P, depends from transparency of cloud layer. The
more opaque part of cloud layers the more frequency of correctly diagnosed cloud level and cloud
cover P, CE-method gives a possibility to enough realistic reflect thin high cloud layers forming:
predicted cloud amount is greater than opaque, but less than total cloud cover, which includes
transparent part of cloud layers.

Results can be used for modeling of atmospheric circulation and cloud modeling, for comparison
with results obtained on base satellites.

Acknowledgment. Study was partly supported by Russian Basic Research Foundation (RBRF),
project Ne 04-05-64681.
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Trends in Low Cloud Boundary for Antarctic Region
Irina V. Chernykh and Oleg Alduchov
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It have been detected for Globe for the period 1964-1998 years that low boundary (ceiling) means
for cloud layers (CL) with cloud amount 0-100% of the sky (CA_0-100) in atmospheric layer 0-10 km
are decreasing for central month of the season (January, April, July, October) separately and in total
with decadal changes means in m decade™: -35; -49; -51; -41 and -43 correspondently [Chernykh et al,
2001]. The significance of the trends is not less than 95%. The mean values and trends of low
boundary (LB) for CL with CA _0-100 are presented in this paper for Antarctic region for different
atmospheric layers in detail: for different months, seasons and for year. In reality, LB for CL with
CA_0-100 specifies the beginning of temperature-humidity layering of atmosphere. It should be noted,
that LB value, detected by different method, can be some different due different accuracy of
determination method [Chernykh and Alduchov 2004; Naud et al, 2003].

The investigation was made on base of dataset contained time series of cloud boundaries and
cloud amount for cloud layers, created on the base of radiosonde sounding data CARDS [Eskridge et al,
1995] and CE-method for cloud amount and boundaries reconstruction [Chernykh and Eskridge, 1996;
Chernykh and Alduchov 2004] for Antarctic stations. Seven coastal stations (Bellingshausen (1970-
1999), Halley (1966-2001), Novolazarevskaya (1969-2001), Mawson (1969-2001), Davis (1970-2001),
Mirny (1969-2001), Casey (1969-2001)) were selected for research.

Linear trends in LB of CL with CA_0-100 were calculated by the method based on the using of time
series with taking into account the possible time correlations of observations [Alduchov et al, 2006].

Multiannual averages of LB and decadal changes for year of LB of CL with CA_0-100 in different
atmospheric layers are presented in Table1.

Table 1. Multiannual averages (m) of LB (in meters) and decadal changes (A) of LB (in meters decade™) of CL
with CA_0-100 in different atmospheric layers. The significance of the trends is not less than 50%.
Trend value with significance not less than 95% marked *.

Atmospheric layer

Station 0-2 km 2-6 km 6-10 km 0-10 km

m A m A m A m A
Bellingshausen 488 -35* 2794 - 6850 - 723 -66*
Halley 590 18 2811 -76* 6786 -44* 1029 -184*
Novolazarevskaya 701 12 2560 -23* 6812 -60* 852 -41*
Mawson 606 -35* 2551 -79* 6698 -181* 652 -28
Davis 527 -24* 2612 -126* 6717 -196* 590 -
Mirny 625 54* 2766 -48* 6855 -70* 864 -30
Casey 496 20* 2590 -106* 6668 -173* 576 -61*

Mean values for LB of CL with CA_0-100 in atmospheric layers 0-2 km, 2-6 km, 6-10 km, 0-6 km, 2-
10 km, 0-10 km over surface level are presented at fig.1a for different months, seasons and for year.
Figure 1a shows specific properties (mean values and its annual variations) of LB of CL with CA_O-
100 in different atmospheric layers for the stations. Figure 1b demonstrates that climatic changes of
the LB of temperature-humidity layering in atmosphere over Antarctica are inhomogeneous in the time
and space. The significance of the trends is not less than 50%.
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Figure 1. (a) Mean values for low boundary of cloud layers with cloud amount 0-100% for different months (at the
left), seasons (in the center; winter — December, January, February) and for year (at the right) in different
atmospheric layers: 0-2 km - (A, red lines), 2-6 km - (B, navy lines), 6-10 km - (C, green lines), 0-6 km — (D, black
lines), 2-10 km — (E, blue lines), 0-10 km — (I, pink lines). (b) Corresponding trends. The significance of the trends
is not less than 50%. Antarctic stations (from bottom to clockwise): Bellingshausen, Halley, Novolazarevskaya,
Mawson, Davis, Mirny, Casey.
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Trends in Low Boundary of Cloud Layers with
Cloud Amount 80-100% of the Sky for Antarctic Region

Irina V. Chernykh and Oleg A. Alduchov
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It have been shown for Globe for the period 1964-1998 years that low boundary (ceiling) means
for cloud layers (CL) with cloud amount 80-100% of the sky (CA80) in atmospheric layer 0-10 km are
decreasing for central month of the season (January, April, July, October) separately and in total with
decadal changes of -27 m/decade, -27 m/decade, -19 m/decade, -25 m/decade and -24 m/decade
correspondently [Chernykh and Alduchov, 2000; Chernykh et al, 2001]. The significance of the trends is
not less than 95%. The estimations of low boundary (LB) means for CL with CA80 and trends in LB
are presented in this paper for Antarctic region more particularly: for different months, seasons and for
year for different atmospheric layers.

Dataset contained time series of cloud boundaries and cloud amount for CL, created on base
radiosonde sounding data CARDS and CE-method for cloud amount and boundaries reconstruction
[Chernykh and Eskridge, 1996; Chernykh and Alduchov 2004] for Antarctic region were used for the
investigation. Seven coastal Antarctic stations: Bellingshausen (1970-1999 years), Halley (1966-2001
years), Novolazarevskaya (1969-2001 years), Mawson (1969-2001 years), Davis (1970-2001 years),
Mirny (1969-2001 years), Casey (1969-2001 years) were selected for research.

Linear trends were calculated by the method based on the using of observations with taking into
account the possible time correlations of observations [Alduchov et al, 2006].

Mean values and trends for LB of CL with CA80 for the atmospheric layers 0-2 km, 2-6 km, 6-10 km,
0-6 km, 2-10 km, 0-10 km over surface level are presented at figure 1. The significance of the trends is
not less than 50%.

For example (figure 1a) multiannual averages for LB of CL with CA80 in the atmospheric layer 0-2
km are 0.5 km for Bellingshausen, 0.6 km - for Halley, 1.2 km — for Novolazarevskaya, 1.2 km - for
Mawson, 0.9 km - for Davis, 0.9 km — for Mirny and 0.7 km for Casey. In atmospheric layer 0-10 km
they are about 1.8 km for Bellingshausen, 2 km - for Halley, 4.1 km — for Novolazarevskaya, 2.5 km -
for Mawson, 2 km - for Davis, 3.4 km — for Mirny and 1.7 km for Casey.

Figure 1b demonstrates that climatic changes of LB for overcast condition of the sky in Antarctic
atmosphere are inhomogeneous in the time and space.

Decreasing of LB in atmospheric layer 0-10 km for year was detected for stations: Bellingshausen,
Novolazarevskaya, Mawson and Davis with decadal changes in km decade™:0.2; 0.3; 0.1 and 0.3.

Small decreasing of LB in atmospheric layer 0-2 km for year was detected for stations:
Bellingshausen, Mawson and Davis with decadal changes in m decade™ 30; 13; 13 correspondently.

Small increasing of the LB in atmospherlc layer 0-2 km for year was detected for stations: Halley
and Mirny with decadal changes in m decade™: 20 and 60 correspondently.

Increasing of cloud amount over the stations can lead to decreasing of LB of CL with CA80 and vice
versa decreasing of cloud amount over the stations can lead to increasing of LB of CL with CA80.
Changes in the frequencies of different cloud types can lead to detected LB changes too.

The results can be used for comparison with results obtained on base surface and satellites
observations, in aviation needs.
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Figure 1. (a) Mean values for low boundary of cloud layers with cloud amount 80-100% of the sky for different
months (at the left), seasons (in the center; winter — December, January, February) and for year (at the right) in
different atmospheric layers: 0-2 km - (A, red lines), 2-6 km - (B, navy lines), 6-10 km - (C, green lines), 0-6 km —

(D, black lines), 2-10 km — (E, blue lines), 0-10 km — (I, pink lines). (b) Corresponding trends. The significance of

the trends is not less than 50%. Antarctic stations (from bottom to clockwise): Bellingshausen, Halley,
Novolazarevskaya, Mawson, Davis, Mirny, Casey.
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Hindcasts of historic storms with GME, COSMO-LMQ, and COSMO-LMK

Helmut P. Frank, Detlev Majewski
Deutscher Wetterdienst, Kaiserleistr. 42, D-63067 Offenbach/Main, Germany

Introduction

NLWKN (www.nlwkn.de), the Coastal Research Sta-
tion of Lower Saxony Water Management, Coastal
Defence and Nature Conservation Agency, contracted
Deutscher Wetterdienst (German Weather Service,
DWD) to provide high resolution wind fields during
strong storms for flood predictions near the Ems river
estuary in northwestern Germany. NLWKN chose 22
storms from the famous Hamburg Storm in February
1962 to a storm in October 2002.

DWD produced wind fields during these storms using
its model chain GME, COSMO-LMQ, and COSMO-
LMK starting from ERA-40 reanalysis data (Frank
and Majewski, 2006). The wind fields will be used
by NLWKN for coastal protection studies.

A series of 18 hour forecasts starting from 00 and 12
UTC analysis data was used to obtain high resolution
hourly wind fields along the German North sea coast
with a grid spacing as small as 2.8 km. To allow for
an adaptation of the models to the initial fields only
forecasts from 6 to 18 hours are provided to NLWKN.
The 6 and 18 hour forecasts for the same verification
time are averaged.

Model description and setup

The global model GME is a hydrostatic weather pre-
diction model (Majewski et al., 2002). It operates
on the icosahedral-hexagonal grid. The model has a
mesh size of approximately 40 km and 40 layers up
to 10 hPa with a hybrid vertical coordinate system.
For these hindcasts the initial state was interpolated
from the ECMWF ERA-40 reanalysis (Uppala and
et al., 2005) to the GME grid.

The ERA-40 reanalysis was done with ECMWEF’s
IFS model using a spherical harmonics representa-
tion T1159 and a reduced Gaussian grid correspond-
ing approximately to a mesh size of 125 km

The COSMO model (Steppeler et al., 2003, www.
cosmo-model.org) is a non-hydrostatic limited-area
atmospheric prediction model operating on the meso-
[ and meso-y scale. It uses a regular C-grid in ro-
tated geographical coordinates. It is used here in two
different setups.

Section 02

Figure 1: Model orography and nesting of LMQ in
GME and LMK in LMQ.

The COSMO-LMQ model has a mesh size of 7 km
(0.0625°). A leap-frog scheme with a time step of
40 s is used for time integration. Deep and shallow
convection are parameterized using the mass flux ap-
proach of Tiedtke (1989). The model domain consists
of 333 x 333 grid points.

The COSMO-LMK model has a mesh size of only
2.8 km (0.025°). Tt is assumed that deep convection
can be explicitly resolved by the model. Only shallow
convection is parameterized through moisture conver-
gence in the planetary boundary layer similar. For
time stepping a Runge-Kutta scheme of 3rd order
with time step 30 s is used.

The initial state for LMQ is interpolated from the
GME;, and the initial state for LMK from LMQ. Lat-
eral boundary values are updated hourly from GME,
and LMQ), respectively. The nesting of LMK in LMQ
and of LMQ in GME is shown in Figure 1.

The storm on 3 December 1999

As an example we present a few results for the storm
on 3 December 1999. This was the strongest observed
storm in Denmark. Sea level pressure dropped to 952
hPa.
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The observed sea level pressure and 10 m wind on
the island Norderney is compared with the different
model hindcasts in Figure 2. Breaks in the curves
show the difference from one 18 h forecast to the
6 h forecast of the following run. The small scale
COSMO models LMQ and LMK show lower the min-
imum pressure than the global models. GME, LMQ),
and LMK calculate similar wind maxima. However,
the maximum occurs one or two hours too early in
the model runs. The ERA-40 forecast gives much
weaker 10 m winds because the pressure gradient is
weaker. In addition, the sea surface roughness, z,
is greater — over 5 cm compared to approximately 2
mm for the DWD models.

The strongest winds occur in the cold sector south
and southwest of the center (Figure 3). Naturally,
LMK shows much more details than the other mod-
els. Also, it is the only model to resolve the east
Friesian islands off the German and Dutch North Sea
coast.

The ERA-40 resolution is too coarse to capture the
small cyclone. Buizza and Hollingsworth (Winter
2000/01) showed that a high-resolution ensemble pre-
diction system (T[255) predicted this storm much
better than the ensemble prediction system with then
T 1159 which is the same resolution as the ERA-40
reanalysis.
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Figure 2: Time series of sea level pressure, wind speed
FF, and wind direction DD observed at DWD station
Norderney and predicted by the models. ERF is the
ERA-40 forecast data every 3 hours.
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Figure 3: Mean wind speed at 10 m in ms™! at 15
UTC on 1999-12-03 simulated by GME (top left),
LMQ (top right), LMK (bottom right), and the ERA-
40 forecast (bottom left) initialised at 15 UTC on
1999-12-03.
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Variability in the Teleconnection Between ENSO and West Antarctic Climate
Scott Gregory, David Noone, and David Schneider
Department of Atmospheric and Oceanic Sciences and Cooperative Ingtitute for Research in the Environmental
Sciences, University of Colorado, Boulder, Colorado, USA
(email: scott.gregory@colorado.edu)

The atmospheric coupling between ENSO and Antarcticais not well characterized, though it has been
the subject of considerable study (Turner 2004). Importantly, climate models do not reliably reproduce
the differences in ENSO response at high latitudes, and, as such, without more detailed understanding of
the linkage between the tropics and high latitudes, estimates of high latitude climate from climate models
could be misleading. The primary reason for the poorly defined teleconnection is the fact that no two
ENSOs are alike; geographically similar events can have seasonal differences and seasonally similar
events will differ geographically. These are the rudimentary differencesin the tropics from one event to
the next but there is al'so high latitude decadal variability in ENSO that is highlighted by Zhang et a
(1997) who exposed what is now recognized as the Pacific Decadal Oscillation (PDO). The PDO index
indicates the magnitude of the leading mode of variability of north Pacific SST, north of 20 degreesN. In
the southern hemisphere, there is not a similar proxy yet established for an analogous decadal oscillation.
Though such a decada oscillation hasn't been specifically identified in the south, the ITASE 2001-5ice
core (Steig, et a 2005), extracted from Antarctica near the Pecific, isotope signal correlated with the
Southern Oscillation Index (SOI- an ENSO proxy) shows decadal variability that appears representative
of a South Pacific decadal oscillation, perhaps coupled to the PDO. In the current study, 20" century sea
level pressures from the Hadley Center are analyzed to establish their correlation with ENSO and the d*®0
isotope in the ITASE 2001-5 ice corein three distinct quasi-decadal epochs of high ENSO activity. These
correlations are established with the intent of understanding climate variability from Antarctic proxy
records with a GCM with stable water isotope fractionation through simulating tropical and perhaps
global atmospheric teleconnection to Antarctica on ENSO and longer timescales.

Figure 1 shows, for three approximately 20 year epochs, the correlation between the isotope records
from an ice core in West Antarctica and the SLP data. The ENSO signals were the subject of the initial
investigations into the ITASE 2001-5 ice core signals. The core is dated at monthly intervals for
approximately the past 200 years and the SOI dated at monthly intervalsis available from the 1870'sto
present, allowing us to focus on the Semptember-November statistics when ENSO events are typically
mature and the influence of ENSO on Antarctic is strongest (Fogt and Bromwich, 2006). Analysis of the
ice core record with a 20 year moving correlation window identified an apparent oscillation in the
correlation in the 20™ century where at the beginning of the century there is a positive correlation, in the
middle of the century it is negative, and at the end of the century it returns to positive. Since the SOI is
positive for the La Nifia conditions, this observation suggested that at the beginning and end of the
centuries the anomalously high d*®0 signals were attributable, at least in part, to La Nifia, whilein the
middle of the century they were attributable, at least in part, to El Nifio. Thisresult is affirmed by
correlating the d*®0 signal with spatial patterns of SST and SLP which show circulation anomalies around
Antarctica in phase with expected teleconnections. Wavelet analysis of the d"®0 and SOI showed that
there were epochs at the beginning, middle, and end of the century that ENSO was especially active,
shown by higher amplitudes in the 3-6 year periods of SOI spectrum and during these times there are
higher amplitudes of the 3-6 year periods in the d"°O spectrum. For the purpose of isolating the variance
associated with ENSO, the data were separated both into the three epochs (1902-1920, Figures 1aand d;
1938-1960, Figures 1b and e; 1970-1995, Figures 1candf ) of high ENSO activity and into variability
associated with ENSO frequencies (3-6 years) and lower frequencies (greater 6 years). The high
frequency correlations show an ENSO related (Turner 2004) pressure anomaly of the western Antarctic
Peninsula while the low frequencies show, among other features, atrend toward lower pressure at the
south pole that may be associated with ozone loss (Thompson and Solomon, 2002).

This work establishes the patterns, and changes in patterns, that link ENSO to the Antarctic, and
which should be reproduced in GCMs if models are to adequately account for tropical variability on the
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high latitudes. The SLP-d"0 correlation maps of the ENSO band of 3-6 years will be the primary target
for the ENSO teleconnection to Antarcticain ongoing GCM experiments, while the lower frequency
variability will be targeted for ssimulating features such as the decadal variability and secular trends that
imply changing climate.
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Figure 1: d”®0O Correlated with SLP for three 20" century epochs of high ENSO activity. (a-c) Band Pass
Filtered for ENSO frequency band of 3-6 year periods. (d-f) Low Passfiltered for periodslonger than 6 years.
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The mean yearly temperature lapse rates in the urban
atmospheric boundary layer (ABL) on microwave sounding data.
Kuznetsova I.N.!, Khaikine M.N. %, Nakhayev M.1. '
(muza@mecom.ru and khaikine@attex.ru)
! Hydrometeorological Research Center, Moscow, Russia
* Central Aerological Observatory, Dolgoprudny, Russia

The mean yearly temperature lapse rates were calculated using the data of ABL temperature
profile measurements made by means of microwave meteorological temperature profiler MTP-5,
developed in the Central Aerological Observatory /Kadygrov and Pick, 1998/. The measurements were
carried out in three great cities of Russia: Moscow, Krasnoyarsk and Nijni Novgorod during 2004-
2005 (table 1). These cities are located on approximately the same latitude but have different relief and
landscape.

The lapse rate G, (t;) were calculated using hourly averaged temperature Ti(t;) in the layers
H=0-100, 0-200, 0-300, 0-400, 0-500 u 0-600 m. G, (¢,)= (To(t;) - Tu(t;)) 100/h, where i=0,1,2... 23 is

the number of the hour; t; = 0:30; 1:30; 2:30... 23:30. Ty(t;) is mean temperature in i-th hour on height
h; h=100, 200, 300, 400, 500 u 600 m.

Mean lapse rates calculated for the whole period of observations are given in Table 1. The
minimum and maximum values of lapse rates and the value of mean square root deviations (MSRD) of
daily mean lapse rates calculated for the layers is also shown in the table.

The temperature profile measurements were carried out in Moscow by MTP-5 placed in the

center of the city. Table 1 shows the mean values of lapse rate vary in range from 0.42°C/100 m up to
1.77°C/100 m. It was noted that the ratio of maximum lapse rate to minimum one equals to almost
constant value in all layers (it varies from 2.2 up to 2.5). The greatest variation of lapse rate observed
in the lower 100 m layer. The mean lapse rate exceeds dry adiabatic gradient in the lower 100 m layer
during 15 hours (from 8 up to 22 LT). The lower 300 m layer remains thermally unstable almost 12
hours (from 10 up to 21) and the whole 600-meter layer was unstable from 14 up to 16 (the instability
maximum). Thus, the urban ABL is weakly-steady only third part of day. The conditions of intensive
mixing and turbulent exchange are favorable for pollutions scattering observed in the largest part of
day.
Profiler MTP-5 is installed in Krasnoyarsk in the center of city at a distance about 800 m from the
Yenisey River. The lapse rate range of the intradiurnal changes (Max-Min difference in the day) was
1.8 times greater than that in the center of Moscow and MSRD was 1.6 times greater in Krasnojarsk
than in Moscow in the lower 100 m layer. The lapse rates equaled to dry adiabatic gradients and
greater were formed in Krasnoyarsk in the lower 300 m layer only in contrast to Moscow. It was
observed in the layer 0-300 m for 3 hours (from 13 up to 16) and in the layer 0-100 m for 9 hours
(from 10 up to 18), which is less for 7 hours than in Moscow (from 7 up to 22). The strong stability of
ABL was observed in the lower 500 m layer from second half of the night (2-3 h) until the morning (7-
8 h). Moreover, the layer 200-300 m was steadier than lower layer. It indicates existence of heat
source, which decrease the cooling by radiation emission. Such source can be not only UHI, but also
the water surface of Yenisey River. The influence of aqueous objects on the thermal regime of ABL is
beyond controversy, but we do not have available quantitative estimations of such effects in the scale
of a large city. Nevertheless, some conclusions can be done through comparison between consistent
data from the three cities.

Nijni Novgorod is located on the banks of two large rivers: Volga River and Oka River. Profiler
MTP-5 is installed in Nijni Novgorod on the high bank of Oka River at a distance about 900 m from
the river. The maximum value of mean lapse rate in Nijni Novgorod was found to be 0.9°C/100 m,
which is less than dry adiabatic gradient. This is the most essential difference from Moscow and
Krasnoyarsk. An increase of the mean lapse rate with an increase of the layer thickness indicates the
specific temperature conditions of ABL in Nijni Novgorod in the night and morning time (from 21 up
to approximately 7) (in Moscow the picture is opposite). It is possible to assume that the moisture
evaporating from the water table of two large rivers is the source of latent heat in the lower layers.
Local winds formed due to a large difference of altitudes in coastal zone (greater than 100 m) can be
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the reason for ABL structure deformations, but we do not have the data on the vertical stratification of
wind and humidity to carry out the certain conclusions.

Conclusions

- greatest deformations of ABL thermal structure was observed in Moscow. It is caused by the
multifactor influence of megalopolis on the thermal regime of the lower layers of the atmosphere;

- Yenisey River do substantial influence on urban ABL in Krasnoyarsk besides the city;

- ABL in Nijni Novgorod does not have expressed features of large city influence. The
discovered specific features are probably caused by the influence of large river mirror and by local air
circulations above the sharply heterogeneous relief.

The work was performed with the partial support by Russian Fund for Basis Research grants
05-05-65288-a, 06-05-644427 and 06-05-64104.

Table 1.
The mean yearly values of lapse rates (°C/100 m).
Moscow | Krasnojarsk | Nijni Novgorod
Hour Layer, m

100 | 200 | 300 | 400 | 500 | 600 | 100 | 200 | 300 | 400 | 500 | 600 | 100 | 200 | 300 | 400 | 500 | 600

0 0,89 0,83 0,76 | 0,69 0,64| 0,62]0,21 [0,15 [0,16 | 0,16 0,19 0,24 | 0,06 0,13| 0,20 | 0,23 | 0,27] 0,32
1 0,85 0,77 0,70 | 0,63 0,59| 0,57]0,11 [0,06 |0,07 | 0,09 0,13{0,18 | 0,01 0,07| 0,14 ] 0,18 0,23] 0,28
2 0,85 0,73 0,65| 0,58 0,55| 0,53]0,05 [-0,01 (0,01 | 0,03 0,07(0,13 | -0,06| 0,01| 0,09 0,14| 0,20] 0,25
3 0,83| 0,70[ 0,61 | 0,54 0,51 0,49]-0,02 |-0,09 }-0,06 |-0,03| 0,02]0,08 | -0,12| -0,04] 0,04 [ 0,10 0,16] 0,22
4 0,80 0,64] 0,56 [ 0,29 0,46 0,45}-0,06 [-0,13 [-0,11 [-0,07 -0,02 10,04 | -0,14] -0,06] 0,02 0,08] 0,14] 0,21
5 0,80| 0,62 0,53 0,47| 0,43 0,43}-0,09 |-0,17 |-0,15 |-0,11 |-0,05 |0,01 | -0,14| -0,08] 0,00 [ 0,07 0,13] 0,19
6 0,85| 0,64 0,53 0,46 0,43 0,42}-0,06 |-0,17 |-0,16 |-0,12 |-0,07 |0,00 | -0,15| -0,11]-0,03 | 0,03 | 0,09] 0,16
7 0,99| 0,73 0,60 | 0,51| 0,46 0,45] 0,09 |-0,08|-0,10 |-0,08 |-0,04 |0,02 | -0,05| -0,05] 0,00 [ 0,05 0,11] 0,17
8 1,20{ 0,90 0,73 | 0,62 | 0,56] 0,53]0,36 (0,12 | 0,05 | 0,03| 0,05]0,10 | 0,14] 0,06 0,08 | 0,11] 0,15| 0,20
9 1,42 1,09 0,92 | 0,78 0,69| 0,65]0,71 |0,37 0,25 | 0,19] 0,18(0,21 | 0,38] 0,26 0,23 | 0,23 | 0,25 0,29
10 1,57 1,27 1,07 0,91 0,81] 0,75] 1,01 [ 0,61 [0,45 [ 0,36] 0,33[0,33 | 0,58] 0,44] 0,39 0,36] 0,36] 0,39
11 1,67 1,38 1,18 | 1,02| 0,91| 0,85| 1,30 | 0,87 | 0,68 | 0,55] 0,49( 0,49 | 0,73] 0,58 0,52 | 0,47 | 0,46 0,48
12 1,74| 1,46| 1,27 | 1,10| 0,98| 0,92} 1,51 | 1,07 (0,86 | 0,71 | 0,63( 0,61 | 0,84] 0,69 0,62 0,57| 0,55 0,55
13 1,76 1,50, 1,32 | 1,14| 1,03| 0,97 1,62 | 1,20 | 0,99 | 0,82| 0,74]| 0,70 | 0,89| 0,76 0,69 0,63] 0,61 0,61
14 1,77 1,52 1,34 | 1,17| 1,05| 0,99} 1,62 | 1,23 | 1,03 | 0,87 | 0,78 0,75 | 0,90 0,79 0,72 0,67 0,64 0,64
15 1,75 1,51 1,34 1,17 1,06/ 1,00f 1,55| 1,20| 1,03 0,87 0,79| 0,76 | 0,87| 0,77 0,72 0,67| 0,65 0,65
16 1,71 1,49] 1,33 1,16] 1,05/ 0,99] 1,42 | 1,14| 0,99 0,85| 0,78/ 0,75 | 0,80 0,73 0,69 0,65 0,63 0,64
17 1,63| 1,44 1,29 1,14| 1,03] 0,97 1,26 | 1,04| 0,92 0,79] 0,73] 0,71 | 0,72| 0,67| 0,64 0,61 0,60 0,61
18 1,55 1,37] 1,23| 1,09 0,99| 0,94| 1,11 | 0,94 0,84| 0,73] 0,68 0,67 | 0,63] 0,59 0,59 | 0,56| 0,56 0,58
19 1,40/ 1,27 1,16/ 1,03 0,94 0,89 0,95| 0,83 0,76 0,67 0,63 0,62 | 0,55 ] 0,53 0,53 0,52] 0,52 0,54
20 1,23| 1,15 1,06/ 0,95 0,88| 0,84] 0,79 | 0,70 0,65| 0,58 ] 0,55(0,55 | 0,48 | 0,47 0,48 | 0,47 | 0,48 0,50
21 1,07| 1,04 0,97 0,88 0,81 0,78] 0,60 |0,55 [ 0,52 | 0,47 ] 0,46(0,48 | 0,34 | 0,37 0,40 | 0,41 | 0,43 0,46
22 0,99 0,96 089 080 0,75] 0,72] 0,44 T0,40 [o0,40 | 0,37] 0,37]0,40 [ 025 0,28/ 0,32 0,35] 0,38] 0,41
23 0,95 0,89 0,83 0,75 0,70{ 0,67} 0,31 [0,27 |0,27 | 0,26 0,28 0,31 | 0,15| 0,20] 0,26 | 0,29 0,33] 0,38
Min [0.80 [0.62 [0.53 |0.46 (0.43 [0.42 [-0.09 }-0.17 |-0.16 |-0.12 |-0.07 ).00 -0.15(-0.11 {-0.03 [0.03 [0.09 |0.16
Max |1.77 |1.52 |1.34 |1.17 |1.06 |1.00 |1.62 [1.23 |1.03 (0.87 |0.79 [0.76 | 0.90 |0.79 | 0.72 [0.67 ]0.65 [0.65
MSRD [0.38 ]0.33 |0.30 |0.26 |0.23 ]0.21 ]0.61 .50 |0.43 ]0.36 10.31 | 0.27 0.38 ]0.32 ] 0.27 |0.22 |0.19 0.17

Reference.

Kadygrov E.N., Pick D.R. 1998. The potential

single-channel

microwave

radiometer

and

//Meteorological Application, UK, p. 393-404
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Cross-wavelet analysis of coherence and time lags between EI Nifio
and Atlantic equatorial mode

1. Mokhov', V.A. Bezverkhny', A.A. Karpenko®, N.S. Keenlyside? and S.S. Kozlenko™®

!A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
2 Leibniz-Institut fiir Meereswissenschaften, Kiel, Germany
¥ Moscow Institute for Physics and Technology, Dolgoprudny, Russia
mokhov@ifaran.ru

An observational-based analysis of time lags between equatorial Pacific mode (EI Nifio—
Southern Oscillation or ENSO) and equatorial Atlantic mode (EAM) is performed. EAM
(Zebiak, 1993) is similar to ENSO (see (Keenlyside and Latif, 2007)).

We used several monthly mean indices for ElI Nifio (EN) and EAM based on the
HADISST data set (Rayner et al., 2003) for sea surface temperature (SST) since January 1870 till
May 2006: Nifio3 (5S-5N, 150W-90W) and Nifio3.4 (5N-5S, 170W-120W) in the Pacific and
Atlantic3 (20W-0, 3S-3N) in the Atlantic (see also (Keenlyside and Latif, 2007)).

Interaction between EN and EAM was studied with the use of different cross-wavelet
analyses (CWA) of time series for SSTs and SST anomalies (SSTAs): CWA-1 (Bezverkhny,
2001; Mokhov et al., 2005) and CWA-2 (Jevrejeva et al., 2003; Grinsted et al., 2004).

The CWA results display differences in the local coherence and phase lags between
SSTAs in regions Nifio3/Nifo3, 4 and Atlantic3 for different periods during 1870-2006. Figure 1
shows local coherence between SSTAs for Nifio3 and Atlantic3 obtained with the use CWA-1.
According to Fig.1, positive values of coherence dominate for short-term cycles (with periods
about 1-2 years). At the same time, for a significant part of the total analyzed interval 1870-2006,
regimes with the El Nifio lagging the EAM are displayed. For cycles with large periods (from
about 3-5 years) there are time intervals with positive and negative coherence and phase lags.
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Figure 1. Local coherence between SSTAs for Nifio3 and Atlantic3.
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It will be interesting to compare these results with results of corresponding analysis with
the use of methods based on phase dynamics modeling and nonlinear “Granger causality” applied
by Mokhov and Smirnov (2006a,b) to the analysis of mutual dynamics of ENSO and North
Atlantic Oscillation.

This work was partly supported by the Russian Foundation for Basic Research, Programs
of the Russian Academy of Sciences, Russian President Scientific Grant and NATO
Collaborative Linkage Grant.
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Circulation indices extremes in seasonal hindcast integrations
A.V.Muraviev, I.A. Kulikova, and E.N.Kruglova
Hydrometeorological Research Centre of the Russian Federation
Bol. Predtechensky per., 11-13, 123242 Moscow, Russia
e-mail: muravev@mecom.ru

Large scale circulation patterns may be described by characteristics, similar to the five well-known
“pattern indices” (Wallace, and Gutzler, 1981), but calculated for daily rather then for monthly geopotential 500
mb height fields. Here the atmosphere is assumed to pass through different “weather” or “flow” regimes
resulting from nonlinear synoptic-planetary scales interaction (Reinhold, and Pierrhumbert, 1982). These
regimes are defined and assessed by extreme values of correspondent circulation indices (CI) thus reducing the
problem to the analysis of outliers and extremes in daily quantized modeled and observed time series.

The global spectral T41L15 GCM has been integrated in a hindcast mode out to 90 days with initial
data obtained from the NCEP/NCAR reanalysis archive starting from 31.06 and 30.11 every year during 1983-
2002. This model is operationally used for monthly and seasonal hydrodynamic-statistical ensemble forecasts at
the Russian HMC (Muraviev et al, 2005).

The scatter diagrams for the first 10 days show the correlation between modeled and observed index
values (e.g. Fig.1). Let us label the correlation coefficients (CC) with the Wallace-Gutzler pattern notation. The
CCs for all five circulation indices, depicting the GCM utility at medium-ranges, descend as follows:
summer CCpna=0.74; winter CCpya=0.70; summer CCy,=0.69; winter CCywp=0.68; winter CCg, =0.65;
summer CCgy =0.64; winter CCgy= 0.63; summer CCg, =0.53; winter CCyw=0.47; summer CCyp=0.39.

23

-40
-200 -150 -100 -=0 o <0 100 =0 xna

(b)
Fig.1. Scatter diagrams for PNA index in first 10 days summer (a) and winter (b) integrations. Dotted
lines indicate 95%-confidence for regression. Index values are multiplied by 100.

The variation of the correlation at medium ranges yields the PNA index as the most predictable, and the
“seesaws” WA and WP in western ocean regions — as the least predictable, what quite good corresponds to the
skill of the GCM in forecasting some other fields. The quantile-quantile plots of the full sample of 1800 values
(90 days x 20 years) represent the outlier deviation from the normal distribution (Fig.2).

Quantile-Quantile Plot of PN_FRC (00stat.STA 10v*1800c)
Distribution: Normal
y=-4,089e-4+51,7*x+eps
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Quantile-Quantile Plot of PN_REA (00stat.STA 10v*1800c)
Distribution: Normal
y=-4,83e-4+52,558"x+eps
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Fig.2. Quantile plots against normal distribution for the winter PNA index. Left side (a) shows forecast
data, right side (b) shows reanalysis data. Tail regions along the line indicate deviation of extremes from normal
distribution. Index values are multiplied by 100.
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In consideration of sampling errors a set of thresholds has been used for “box and whisker” plots
(Fig.3). The quartiles L(25%) and H(75%) are used for calculating the span A = H — L. Thresholds a(i), i=1 ..n,
define outliers as index values being outside of [L - au(i)-A, H + a(i)-A], and extremes as values being outside of
[L —2-a(i)-A, H+2-a(i)-Al.

SUMMER: Whisker coef=1, outlier&exr coef=1.5 whisker=1, outlier & extr = 1
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Fig.3. Box and whiskers for summer CIs: left side (a) shows outliers for a=1.5, right side (b) shows
outliers and extremes for a=1.0. The box-whiskers correspond to EA, EU, PNA, WA, and WP indices with
‘FRC’ denoting forecast, and ‘REA’ denoting reanalysis. Boxes stand for A = H — L, whiskers stand for ‘non-
outlier’ interval, circles denote outliers, asterisks denote extremes.

A usual statistical approach in defining extremes is evidently crude in defining meteorologically ‘large
anomalies’. Fig.3 is to certify that thresholds near recommended a=1.5 exclude events which we would like to
call extremes with statistical property. In particular the right side of Fig.3 yields several informal conclusions.
For instance, the largest number of WA index extremes of both signs indicate the atmospheric instability and
variability, which are more predictable in the extreme-statistical sense, than the EA or PNA indices.

Collected diagram data are used for extremes’ statistics, their recurrence and duration (see Table).
These statistics may be applied both to concomitant synoptic events and to the GCM skill in predicting these
features at seasonal time scales. Comparing medium and seasonal ranges one may note, that the PNA and EU
indices predictability may be considered as opposed (see Fig.1 and EU, PNA columns in Table).

Table.
Recurrence and duration for several summed Cls outliers and extremes in winter seasons 1983-2002. Columns
denote upper and lower CI values (x100) for two a thresholds (from top +1.5, +1.0, -1.0, -1.5), days number
with CI extremes (2), minimum (3) and maximum (4) duration in days, and mean duration (5) in days.

1 [ 2 ]3]4] 5 1 [ 2 [3]4] 5 1 [ 2 [3]4] 5
EU_FORECAST PNA_FORECAST WP_FORECAST

193] 0 JOJO] O 161 [ 5 J1[1 1 194 T 11 J1]4] 2.2

145 | 20 [ 1 [ 4] 1.8 121 | 37 |14 1.8 145 | 40 [1]8 2

-145 [ 15 [ 1 | 5] 1.7 -121 [ 22 [1|5] 1.8 -151 [ 22 |1 |5] 1.7

-193 | o o [Oo] © -160 | 3 [1]1 1 200 | 4 |12 1.3
EU_REANALYSIS PNA_REANALYSIS WP_REANALYSIS

187 | 2 [ 2 ]2 2 200 [ 0 [Oo]JoO 0 214 [ 9 [1]3] 1.8

140 | 23 [ 1 [5] 1.6 150 | 5 |[1]1 1 160 | 57 [1]6 2

-140 [ 21 [ 1 [5] 1.4 -150 [ 19 [1[3] 1.5 -164 [ 19 [1[4] 1.9

-187 | 2 [1]1 1 200 | 1 [1]1 1 218 | 1 |11 1

1. Wallace J.M., and D.S. Gutzler, 1981: Teleconnections in the geopotential height field during the
Northern Hemisphere winter. Monthly Weather Review, 109, 784-812.

2. Reinhold B.B., and R.T. Pierrchumbert, 1982: Dynamics of weather regimes: quasi-stationary waves
and blocking. Monthly Weather Review, 110, 1105-1145.

3. Muraviev A.V., LLA. Kulikova, E.N. Kruglova, V.D. Kaznacheeva, 2005: Using ensembles in
hydrodynamic-statistical meteorological forecasting. Russian Meteorology and Hydrology, 7, 3 — 15.
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Southern Sea Ice, cyclone behaviour and rainfall in Melbourne and Perth

Alexandre Bernardes Pezza, Tom Durrant, Ian Simmonds and Ian Smith
School of Earth Sciences, The University of Melbourne, Victoria 3010, Australia

e-mail: apezza@unimelb.edu.au

We explore the relationship between Southern Hemisphere (SH) sea ice extent (SIE)
given in pre-defined sectors around Antarctica and rainfall in Perth and Melbourne, respectively
located in the south-western and south-eastern corners of Australia. Significant decreasing trends
in rainfall in the seventies particularly over Perth followed by a more recent strong negative
tendency in both regions have motivated this study after it has been identified that SIE
significantly interacts with the general circulation (Kwok and Comiso, 2002). The principal aim
i1s to determine if the rainfall time series relate to any of the five main ice sectors around
Antarctica (figure 1) via changes in cyclone and anticyclone behaviour. The study covers the
‘satellite era’ from 1979 to 2003, and results are presented for the wintertime (JJA) when
midlatitude baroclinicity is enhanced.

Results suggest that high (low) sea ice extent is associated with low (high) rainfall in both
localities, more significantly in Perth (figure 2). Local and upstream sectors of the ice appear
most associated, i.e., the Indian Ocean sector with Perth rainfall, and the West Pacific sector
south of Australia with Melbourne rainfall. An automatic tracking scheme applied to the National
Centers for Environmental Prediction (NCEP) reanalysis-2 data suggests a possible link between
SIE and the winter storms affecting Perth and Melbourne via a well defined anomalous pattern
impinging from midlatitudes which resembles some of the recent links found between the
circulation and the Pacific Decadal Oscillation (PDO, Pezza et al 2007).

The possible impacts of a third party mechanism influencing both the ice and the
circulation leading to rainfall anomalies are discussed in terms of the El Nifio/Southern
Oscillation (ENSO) and the Southern Annular Mode (SAM), which are known to modulate
rainfall anomalies in Australia. The results suggest that when the ENSO influences are isolated
the same relationship between SIE and rainfall is still observed, however this is not true for the
SAM. Here we propose SAM and SIE as being part of a complex coupled mechanism which is
relatively independent from ENSO. These associations add insight to the recent literature and

may help to understand the large scale mechanisms potentially associated to declining trends in
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Australian rainfall. Further results are under investigation and will be published in the peer-

reviewed literature in the near future.

Kwok, R., and Comiso, J.C., 2002: Southern Ocean climate and sea ice anomalies associated with
the Southern Oscillation. Journal of Climate, 15, 487-501.

Pezza, A.B., Simmonds, I. and Renwick, J, 2006: Southern Hemisphere cyclones and
anticyclones: Recent trends and links with decadal variability in the Pacific Ocean.
International Journal of Climatology, in press.
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Figure 1: Polar Stereographic plot showing the five sectors used to calculate the sea ice
extent. The locations of Perth and Melbourne are also indicated.
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Figure 2: (a) Perth rainfall and Indian Ocean SIE and (b) Melbourne rainfall and West
Pacific SIE anomalies for JJA 1973 — 2003. Rainfall is given by dashed lines and SIE is given by
solid lines.
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The climatic importance of South Atlantic hurricane Catarina (2004)

Alexandre Bernardes Pezza and Ian Simmonds
School of Earth Sciences, The University of Melbourne, Victoria 3010, Australia

e-mail: apezza@unimelb.edu.au

Sea Surface Temperatures (SSTs) warmer than 26.5°C and Environmental Vertical Wind
Shear (EVWS) lower than 8 m/s offer ideal conditions for Tropical Cyclone (TC) development.
Thus it has been accepted that hurricanes could not form over the South Atlantic Ocean due to the
very intense climatological EVWS and not sufficiently warm SSTs over the basin. This concept
is now under review after Catarina hit southern Brazil in March 2004 (figure 1) after undergoing
Tropical Transition (TT) over relatively cool waters (figure 2). This was the first documented
time when a system reaching a category I hurricane strength (Saffire-Simpson scale) made
landfall anywhere in the South Atlantic basin (Pezza and Simmonds 2005). This is not to say that
a phenomenon like Catarina had not existed in the past, but there is evidence that at least during
the satellite era this is unprecedented.

Catarina generated much discussion and controversy in the community as to how it should
be named (which also depends on cultural backgrounds) and as to what its hybrid structure really
was. This hurricane represents a mark in Southern Hemisphere meteorology prompting the
weather services to improve their forecasting and alert system in a time of climate change. It also
draws the attention of the global meteorological community for the increasing need to develop a
more modern system of classification of cyclones.

Pezza and Simmonds (2005) proposed a large scale blocking mechanism leading to
persistent low EVWS to explain how this extremely rare event was formed, and such ideas have
recently received further support in the literature (McTaggart-Cowan et al 2006). A possible
hemispheric link with the positive phase of the Southern Annular Mode (SAM) has been found,
pointing out to the possibility of more frequent storms if the SAM continues to increase under
global warming conditions. We are currently working on further evidence for this association and
the new results will be communicated in the peer-reviewed literature. Advances in modeling and
the local observing network are expected to throw further light into a possible hurricane climate

prediction scheme for the region in the future.
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Figure 1: Enhanced satellite imagefrom the GOES-12 Infrared channel at 16:39 UTC 26" March 2004
showing the Tropical Cyclone Catarina approaching the Brazilian coast. The letters H and L indicate the position of
the upper level ridge and trough respectively associated with warm/dry and cool/dry surface air over the continent.
Estimated minimum central pressure inside the eye of 974 hPa, total cyclone diameter of around 400 Km and eye
diameter between 25 and 40 Km, with estimated sustained surface winds with hurricane | force (between 33 m/s and
42 m/s) and translational speed of 11 km/h to the west. Image available for download from the University of Wisconsin
— Madison Space Science and Engineering Center (http://cimss.ssec.wisc.edu)

Figure 2: Tropical Cyclone Catarina’s trajectory in perspective with the surrounding maximum Sea Surface
Temperatures (SSTs). The South American sector is showing: 1) 2 km resolution topography plotted for elevations
above 500 m, with darker yellow tones indicating elevations above 1500 m; Il) Tropical cyclone Catarina’s trajectory
as derived from the University of Melbourne automatic tracking algorithm showing the central locations every 06 hours
and ) Maximum SSTs (°C) for the period between the 20" and the 28" of March. The date and hour (UTC) are
indicated next to the trajectory for some selected periods.
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A ferocious and extreme Arctic storm in a time of decreasing sea ice

Ian Simmonds* and Mark R. Drinkwater**

*School of Earth Sciences **European Space Agency
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Summer Arctic sea-ice extent has exhibited a downward trend since comprehensive satellite
data became available in 1979. The decline has been especially steep since 2002 (Stroeve et
al. 2005) and a record low was set in September 2005. Ice extent from January through to the
middle of July 2006 was well below 2005 conditions, and the August 2006 sea ice extent was
only slightly greater than the 2005 record set for that month (NSIDC, http://www.nsidc.org).

Against this background, much public and media interest was attracted in connection with
analyses of the remarkable Arctic ice conditions and severe storms in August 2006 (ESA,
2006). Data from ESA’s Envisat’s Advanced Synthetic Aperture Radar (ASAR) instrument
showed that sea ice that had survived the melt season had been fragmented by fierce late
summer storms, as a consequence of surface wind-forced ice drift divergence. We are
exploring the complex relationships between Arctic cyclones and sea-ice distribution, a topic
of particular concern during a period of dramatic sea-ice decrease.

We report here on a very powerful synoptic event which occurred in the central Arctic in
August 2006. We have used MSLP fields from the NCEP/DOE reanalysis in conjunction with
the Melbourne University cyclone tracking scheme (Murray and Simmonds 1995, Simmonds
et al. 2003) to objectively locate and track all cyclones that occurred in the Arctic basin (70-
90°N) in the month August 2006. The cyclone of interest here was very intense and lasted a
significant proportion of the month. Fig. 1 (left) shows the cyclone on 18 August 12UTC at
which time it achieved its lowest central pressure of 983.8 hPa (which is within the second
percentile of all August cyclones in the basin (1979-2006)). Even more dramatic was the
system’s Depth (17.2 hPa at 6UTC) and Laplacian (2.57 hPa (deg. lat.)? at 19 August OUTC).
Both these values fall within the first half-percentile of their respective August climatological
distributions (Fig. 2). This was indeed a ferocious and extreme event.

The Envisat satellite-derived ASAR image mosaics and daily tracked sea-ice drift reveal the
response of sea-ice pack to this ferocious and extreme summer event (Fig. 1 (right)). Ice
divergence results in significant reduction in sea-ice concentration, with the consequence of
enhanced positive albedo feedback.

ESA, 2006: Arctic summer ice anomaly shocks scientists, Unpublished Web article
http://www.esa.int/esaEO/SEM7ZF8LURE index 0.html
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Fig. 1: (left) NCEP/DOE MSLP reanalysis at 18 August 2006 12UTC (contour interval 2
hPa). The intense cyclone of interest is marked with an ‘A’, and the box indicates the location
of the satellite image mosaic in the right panel. Corresponding 30d mean daily ice drift
vectors (right) for the month of August, superimposed on the 24 August Envisat ASAR Arctic
image mosaic (courtesy Leif Toudal-Pedersen, PolarView consortium).
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Fig.
2: Histograms of the distributions of (top) Depth and (bottom) Laplacian of MSLP of all
August cyclones in the domain 70-90°N (1979-2006). The red arrows indicate the values

diagnosed for the 18/19 August 2006 event.
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An analytical expression for the amplitude of wavenumber-one vertical velocity in the
inner -coreregion of tropical cyclones under theinfluence of vertical ambient shear

Mitsuru Ueno
Typhoon Research Department, Meteorological Research Ingtitute
e-mail: mueno@mri-jma.go.jp

It is well known that mature tropical cyclones exhibit highly axialy symmetric structure in the
core. On the other hand, recent observationa studies (e.g., Corbosiero and Molinari 2002; Ueno
2005) have shown that convective activities tend to be enhanced on the down-shear to downshear-|eft
side of the storm rather than evenly significant in the eyewdl annulus. In the present study an
anaytica expression for the magnitude of wavenumber-one verticd motion asymmetries in the
inner-core region of tropica cyclones under the influence of vertica ambient shear isderived in an
attempt to understand the underlying mechanism for the initiation of asymmetric convection by
vertical shear.

Asillustrated by Jones (1995), in the Situation that the vertical shear tendsto tilt the vortex in the
verticd, the vertical shear of the azimutha flow tends to change in the opposite sense between the
locations of maximum tangential wind and elsewhere since the vortex flow varies with radius such
that the tangentia wind speed increases from the center to aradius then decreases. Then consistency
with thermal wind balance requiresthat a pair of temperature anomalies of opposite sign is generated
with a positive (negative) anomaly on the upshear (downshear) side. This temperature perturbation
should be achieved by vertica circulation. Based on these considerations, the vertical motion due to
vertical wind shear may be quantified in the following manner.

The therma wind balance equation for an axisymmetric typhoon-like vortex may bewrittenin
pressure coordinates as
O,  2v[ov ROIT O
5 TBp pHarg, O
where v is tangential wind speed, and remaining symbols are conventional. Now consider a
situation in which every portion of an initially upright vortex is being horizontally advected by the
environmental wind a each level. Then the verticd shear of the azimuthd flow (i.e, ov/dp )
evaluated a p,, leve and a a point on the downtilt side of the vortex center would change by
ov/or x Dt during the time period &t , where S is the vertical shear of the environmental wind
evaluated a p,, . Letting the corresponding temperature change &t the point 3T and assuming that
Eq. (1) holds even for thetilted vortex at least locally, we may obtain

%f L 2VOOv o ROOST [

r Eﬁar Ep p a_rap'

Assuming that the temperature tendency is totally accounted for by the temperature change due to
vertica motion within the framework of dry adiabatic dynamics, and solid-body rotation to
characterize the winds inside the radius of maximum wind, we can finally arrive at the following
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smple formula for the azimuthal wavenumber-one component of vertica velocity at the radius of
maximumwind r,,

%—‘—Vmgf +_BS KT _ aTD
where v, isthe maximum tangential wind a p,, .

Next we attempt to validate the anaytica solution obtained above by numerica mode results.
Figure 1 shows a time series of the magnitude of azimutha wavenumber-one verticad motion,
comparing the andytical solutions with the results from some dry model integrations. Details of the
present study can be found in Ueno (2007).

(b) Analytical
—8—  Model-produced

—— Model-produced

(a) A = Analytical

Amplitude of WN1 omega at RMW (Pa/sec)

Amplitude of WN1 omega at RMW (Pa/sec)

Day Day
Figure 1. Comparison of "analytical" (thick red line) and model-simulated (thin green line with

open sguares) wavenumber-one omega (i.e., vertical p-velocity in units of Pas?t) at RMWand at 1
h of the consecutive 6-hourly dry integrations for (a) Typhoon Chaba and (b) Typhoon Tokage in
2004. The horizontal axis denotes the initial time of the integrations with numbersindicating day of
the month, that is, August for (a) and October for (b), located at 00 UTC.
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