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Evaluation of solar radiation at the surface undercloudless
conditions determined by a fast parameterization
using observations

Zhian Sun
Bureau of Meteorology Research Centre, Bureau of Meteorology, Melbourne
Email: z.sun@bom.gov.au

Abstract

A parameterization of the global and net solar irradiancdsedEarth’s surface under
clear sky and aerosol-free conditions is developed based on adfdudsadiative
transfer calculations for various atmospheric conditions. The work airmproving
the surface radiation budget modeling in a global NWP and climatgel. The
scheme has been examined against observations obtained from difeographic
locations and this note presents results of the comparison.

Introduction

Radiative transfer is one of the most important physical preseasthe atmosphere
and must be treated accurately in Numerical Weather Padi@tiWwP) and climate
models. The radiation is computationally time-consuming to model anefdhe its
calculation in most NWP and climate models is only performed eay Vow
frequency. Studies (e.g. Yang and Slingo, 2001) have shown that theethddehal
variation patterns of convection and precipitation are not in the plggge compared
with observations and this may be due to the low frequency of radiation calculations.

Apart from the radiative heating/cooling effect in the atmosph#re next most
important influence of radiation on convection and precipitation igmizact on

surface processes. The radiation absorbed by the earth’s sarfearesformed to the
sensible, latent and soil heat fluxes. If the diurnal cycle of the absmlaedsergy at
the surface is not well represented in model simulations thebseiasid latent heat
flux calculations will not be correct, which in turn will influenttee development of
convection and precipitation. In order to improve the model surface pescess

have tried to develop a fast scheme so that the global and netagb&tion at the
surface may be determined at each model integration tirpe Gterently, the work
for clear sky with aerosol-free conditions has been completedg(Sain2007). The

scheme has been evaluated using observations obtained from four statoeshe

weather and climate conditions are very different. In the follgvgections, we will

briefly introduce the scheme and present results of the comparisons.

Parameterization

The parameterization is developed based on a series of calculasiogsthe Sun-
Edwards-Slingo radiation mark 2 (SES2) model for various atmospheridioosdA

60-level mid-latitude summer (MLS) atmospheric profile is used fhese
calculations. In order to ensure that the parameterization canebeirus global
model, the total column values of 3 major absorbing gas#3, (B, O;) have been
varied to cover the possible values occurring in the global atmosphere.
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The parameterization was performed separately in thre&ajpatervals: UV, visible
and near IR. The input variables required include total column amouwatei
vapour and ozone, carbon dioxide mixing ratio, solar zenith angle and sailiade.
For details of the development and formulation please refer tetSair(2007)

The global and net solar irradiances were calculated using bo8E®2 model and

the parameterization for the solar zenith angles of 0;-s@@face albedos of 0 — 0.90;
column amount of water vapour of 0.2 - 15.2 cm; column amount of ozone of 100 -
500 Dobson Unit and CQOmixing ratio of 200 - 1000 ppmv, which form a total of
13136400 data points. Figure 1 shows solar irradiance scatter plots toéteesES?2

and parameterization schemes. It is seen that the agreemeeéhéehe two schemes

is excellent, with scatter points closely distributed along4ffediagonal line. The
mean relative errors for both total and net irradiances are 0.A4d%nas errors of

total and net irradiances are 0.09 and 0.07 VR nespectively. The maximum
difference between the SES2 and parameterization is 177W m
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Figure 1 Comparison of global downward (left panafjd net (right panel) solar irradiances at the
surface determined using the parameterization #itise using the SES2 radiation model.

Comparison with observations

The scheme is further evaluated against observations. This is ndbotdgting the
accuracy of the parameterization but also revealing the effethe atmospheric
aerosols. The observational data obtained from four locations wetetaismlidate

the parameterization. These are Gaize (32.3 N, 84.06 E, 4420 m) on thenTibet
Plateau, Lamount (36.60%, 97.488 W, 279 m) of Oklahoma, Barrow (7134,
156.6 W, 8 m) on the North Slope of Alaska and Nauru Island (0.521° S, 166.916° E,
7.1m) in the Tropical Western Pacific. The last three are ath@spheric Radiation
Measurement (ARM) program field research sites. The reasahege the data from
these stations is because they represent different geogtagécacteristics. The
data used in the calculations include the GPS total column wapsur amount,
TOMS total column ozone, and surface albedo measured by radionidtersata
which are contaminated by clouds are filtered out using theidnattsky cover
measured from the total sky imager.
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Figure 2 shows scatter plots between the modeled and observed glabahdiation
(left panel) and net radiation at Gaize on the Tibetan Plateaur whelr sky
condition. It is seen that both the global and net solar irradialetesmined using the
parameterization are in a reasonably good agreement with theatimses. The mean
relative errors for the global and net solar irradiances are 4.45804.19%,
respectively. The rms errors are 29.14 Wior the global irradiance and 21.38 Wm
for the net irradiance. The data points are uniformly distributethahe 48 diagonal
line and no systematical bias exists. This indicates thattthesphere at Gaize is
relatively clean and the effect of the atmospheric aerosals mot be significant
there.
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Figure 2 Comparison of total and net solar irrad@@s determined by the parameterization with the
observations at Gaize on Tibetan Plateau.

The results for the three ARM sites are shown in Figure 3. The agrebeteeen the
modeled and observed irradiances are also very good. The mean refatige of
total and net solar irradiances are 6.15% and 6.19% at Lamont iouttee8 Great
Plain, 7.29% and 8.03% at the Barrow in the North Slope of Alaska and 4.06% and
4.11% at the Nauru Island in the Tropical West Pacific. The quonekng rms errors
are 43.3 W nf and 35.6 W 4 at the Lamont, 41.7 W fhand 27.2 W i at Barrow,
and 39.7 W nif and 33.0 W i at Nauru Island. These figures indicate that the
modeled errors in the ARM sites are generally larger tharetabshe Gaize on the
Tibetan Plateau. This is partially due to the fact that theesdata are hourly
averaged results while the ARM data are instantaneous. The eaaonrfor the large
errors at the ARM sites is probably due to the neglect of ginevE aerosols. It is
very clear from the Figure 3 that systematical biasest exiall three sites with the
solar irradiances determined by the parameterization being tweatesi compared
with the observations. The positive biases are particularly appatrém Lamont and
Barrow. These biases clearly reflect the effect of theospimeric aerosols and
indicate a necessity to include the aerosol radiative effect in the parnaateia.
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(a) Downward SW flux at SGP Lamont
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Figure 3 Comparison of total downward and net saiadiation determined by the parameterization
with observations at three ARM sites

Summary and discussions

The simple parameterization scheme for calculation of the gtivahward and net
solar irradiances at the surface under clear sky and aeresobltmosphere is
developed based on detailed radiative transfer calculations. It repsotiu@ high
level of accuracy of the full radiation model calculations. Tharpaterization is also
tested against the observations obtained on the Tibetan Plateduves@RM field
research sites. The results show that the parameterizatiobhecased to produce
relatively accurate radiation under clear sky condition on thetanbPBlateau, but
systematic biases are found in the ARM sites, indicatiregairement to include the
effects of the atmospheric aerosols in the parameterization.
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Observed climate change in the South-East of Austlia and
its relation to large-scale modes of variability

Bertrand Timbal and Brad Murph
'Bureau of Meteorology Research Centre, Bureau of Meteorology, Melbourne
’National Climate Centre, Bureau of Meteorology, Melbourne
Email: b.timbal@bom.gov.aub.murphy@bom.gov.au

The climate in the South-Eastern part of the Australian jS&htinent has been
extremely dry during the last decade (Trewin, 2006). As part of BNHRC
contribution to the South Eastern Australian Climate InitiativeAGE, we have
focussed on an area over mainland Australia south of 33°S and east o{Hig&P&
1). In this region, the dry conditions from late 1996 to early 2007 are not
unprecedented: one drier ten-year spell was recorded acrossgtbe during the
1940s and another decade was nearly as dry (the so-called ‘tied€&nught”) at
the beginning of the century (Murphy and Timbal, 2007). The currart&in has
been exacerbated by three factors which make this recerdticliamomaly more
significant in term of impacts: 1) higher air temperatudegs to on-going global
warming; 2) very low interannual variability (lower than during yioas dry
decades); and 3) 72% of the rainfall trend since 1961 is due to lawall in
autumn. The only other month with a strong and uniform rainfall declimsaSEA
is July, thus suggesting that with the exception of June it is an attueanly winter
phenomenon (Murphy and Timbal, 2007).
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Figure 1 Schematic of the SEACI region (red elljpsiee SEA region and the large-scale influences
affecting the climate of the region (see text fetads on the various indices used and acronyms).

The climate of SEA was characterised using spatial gesraf gridded data up to
2006 from the Bureau of Meteorology National Climate Centren{frl900 for
rainfall and from 1950 for temperature). A series of indices \wepdored to analyse
the impact of large-scale modes of variability on the regional climate:
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1. The El Nifio Southern Oscillation (ENSO) variability using thesWm Pacific
(Nifio4: 160°E-150W, 5°N-5°S);

2. The Indian Ocean Dipole (IOD) using an index for the North-Wesl §H&/S:

100°-13C°E, 20-5°S) off the Australian continent to explore the role of the

eastern side of the dipole which has been linked to SEA ra{Malerset al,

2007);

The Neighbouring Tasman Sea SSTs (NTS*18I’E, 40°-30°S); and

4. The Southern Annular Mode (SAM) whose influence on the climate of Sauthe
Australia was shown by Henden al. (2007).

w

SST indicesifio4, NWS and NTSyvere calculated from the Smith and Reynolds (2004)
dataset from 1880 to 2006, the SAM index is from Marshall (2003); calddtat® observed
stations from 1957 to 2006Finally, it is expected that the influences of the climate
indices in SEA come about through modulations of the atmospheri¢atiocu This
was quantified by computing a local Mean Sea Level Pressdex i(MSLP: 140
15CE and 38-40°S) using gridded HadSLP2 data with fesolution from 1850 to
2004 (Allan and Ansell, 2006). Then, a rainfall residual was computedraft@ving
the linear relationship between MSLP and rainfall. The raindsiidual time series is
uncorrelated with the local MSLP.

Correlations were calculated with all 5 indices for the four S&Aables and for all
four calendar seasons (Table 1). Significance of the correlatibtened were
assessed using the method described by Petvadr(1999).

Autumn Tmax  Tmin Rain R-f(P)| Winter Tmax Tmin  Rain R-f(P)

MSLP 0.40 -0.24  -0.29 MSLP 054 -044 -0.74

Nifio4 0.16 -0.26 -0.16 -0.06 Nifio4 0.19 -0.16 -0.20 -0.06
NWS 0.28 0.11 0.07 0.19 NWS 0.08 041 0.30 0.32
SAM -0.06 -0.02 -0.02 0.09 SAM -0.01 -0.31 -0.27 0.17

NTS 0.32 0.49 0.25 0.27 NTS 0.39 0.30 0.07 0.22

Spring Tmax  Tmin Rain R-f(P) Summer | Tmax Tmin Rain R-f(P)

MSLP 0.46 0.29 -0.39 MSLP 0.14 034 0.14

Nifio4 0.33 -0.11  -0.37 -0.28 Nifio4 0.11  -0.07 -0.18 -0.23
NWS 0.00 0.34 0.26 0.19 NWS 024 019 -0.09 -0.13
SAM -0.20 0.28 0.31 0.47 SAM 0.02 0.30 0.31 0.27
NTS 0.40 0.60 0.16 0.22 NTS 0.43 0.55 0.19 0.19

Table 1: Correlation between SEA average for Tniamin, rainfall and a rainfall residual (with the
linear relationship to MSLP removed) and a rangelohate indices (discussed in the text) for the fo
calendar seasons. Note: Red figures indicate sgamte above the 99% level and bold figures above
the 90% level.

The main findings are:

As expected, local MSLP has the greatest influence of altesd{except in
summer when it is mostly negligible). The negative correlatioM8LP with

rainfall peaks in winter as does the positive influence on maxitenmperature.
The influence on minimum temperature is more complex (it combimegative
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direct influence -high pressure equals clear sky and low miriengberature- and
a positive indirect influence through Tmax as discussed in Petvadr 1999) and
therefore changes sign between autumn/winter and spring/summer.

The correlation with Nifio4 peaks in spring and is generally higleestainfall

and Tmax but remains moderate, thus confirming that SEA is not Ilstrong
affected by ENSO (as shown on earlier data by Nicholls, 1989)refagonship

with rainfall in spring is reduced (by about 0.1) when the influendecat MSLP

is removed, thus confirming that circulation changes contribute to the
teleconnections between NINO4 and Australian rainfall.

East Indian Ocean SSTs are related to rainfall and Tminntemand in spring
but the signal is very weak and non significant in autumn. Theae&p with

rainfall is hardly affected once the influence of local MS&Pemoved; in fact, it
increases in autumn and becomes significant. This suggests thafiubace of

the warm SSTs off the North-West coast of Australia is fel SEA by

mechanisms other than circulation changeg.(moisture fluxes). The rainfall
decline in autumn is unlikely to be explained by this relationsimigesihe Indian
Ocean has been warming rapidly.

The SAM index correlates significantly with rainfall in @kasons apart from
autumn. The negative correlation in winter and positive in summerpaimg) $1as
been discussed by Henden al (2007). The signature for Tmin is similar and
there is no significant influence on Tmax. The impact of the S&\kXkpected to
come about through circulation changes. However, when the effédSbP is
removed the correlations between the SAM and SEA rainfall are positive
(by 0.1 to 0.4) in all seasons but summer. This suggests that tbieifiteence of
SAM on SEA rainfall is positive but it is modulated by an indireegative
influence through MSLP changes, consistent with the positiveaesip in the
southern hemisphere between SAM and MSLP (Gide#l, 2007). This indirect
effect is particularly strong in spring.

NTS SSTs have the strongest influence of all indices on Timaummer and
Tmin in spring-summer-autumn. Correlations with rainfall are hasdjpificant,
apart from autumn (0.25). Interestingly, when the impact of MSLP is removed, the
relationship with rainfall is always stronger, albeit still mstdeand becomes
significant in all seasons.

From these relationships between SEA climate and large-schbes, it is hard to
explain the step change of rainfall in SEA which has ocdurr@utumn. None of the
climate indices have a strong relationship in that season and thsigmifyjcant ones
(NTS with rainfall and NWS with rainfall residual) are unlikéb explain the rainfall
decline since both indices have been tending upward. At this stagpeiars that the
rainfall decline can only be explained as part of a response tocegase in local
MSLP (Timbal and Jones, 2007). What causes the MSLP increasesdmae fully

defined.

However, it is possible that the chosen domain encompasses sefleealces which
might differ from one part of the region to another. In order to inyast this further,
we have to broaden the perspective and look at the rainfall in fows erdaded
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within the SEACI domain (red ellipse in Figure 1) matchimgst uncovered through
rotated EOF analysis of Australian rainfall by Drosdowsky ahdntbers (2001). We
have calculated the average monthly-mean rainfall for twmstain each region that
capture the spatial variability of these rainfall patternspdaf the correlation
between these time series and the monthly gridded HQ raimfalys®s over the
period 1948-2005 are shown in Figure 2. Areas where the correlationsnexylee
than 20% of the total variance are shaded and show the main cergotisof these
patterns of rainfall variability. As for rainfall across thE/AS the relationship with
local MSLP (using rectangular boxes depicted in Figure 2 fon sab-region) was
removed from the rainfall series. Relationships with the previage-scale indices
are shown for all four rainfall series (Table 2, upper row) andall residuals (Table
2, lower row) for autumn and winter, the two key seasons in terms of rainfall decline.

Figure 2 Four rainfall patterns covering SEA (settfor details of their calculation) and referréal
in the following analysis as: Eastern (top left)e$tern (top right), Southern (bottom left), Central
(bottom right).

The important regional variations which add information from the previ&ia
averages are:

The relationship with local MSLP is strongest in the Southern andtéive
regions (particularly in winter).

The influence of Nifio4 SSTs is strong in Eastern and Centrabnedout
disappears further west in winter. In autumn the picture is ralifferent, with
stronger correlations away from the Eastern region. While fh&arship with
the eastern regions in winter remains significant once the mdféuef local MSLP
is removed, it is not so in autumn with the western regions. This fagyeas
different mechanisms for the influence of NINO4 on the SEACI doraadirect
influence with the north-eastern part of the domain in winters{plysdue to
moisture fluxes) and an indirect relationship with the south-wegt@rof the
domain in autumn (probably due to circulation changes).



BMRC Res.Lt.No6, pagel0

The influence of the 10D is weak everywhere in autumn but modaratenter
outside the Southern region. However once the relationship with local MSLP
removed (increasing correlation in autumn by about 0.2 and decrdghsimgin
winter by about 0.1) the influence is very similar in both seasapert from in
the Central region). The seasonal differences appear to be dueulation
changes which differ in both seasons.

The negative influence of SAM in winter is limited to the sou#stvof the
domain and changes sign further north (in agreement with Hegidaln 2007).
As per the SEA average, correlations increase everywhere thecéISLP
influence is removed. No significant correlations are seen in autumn.

The influence of the NTS is felt mostly outside the MSLP infagemnd is
moderate in winter everywhere apart of the Southern region. In auiuisialso
not impacted by the MSLP relationship but it is insignificant everywhere.

Autumn | Western Southern Central Eastern Winter Western  Southern Central Eastern
MSLP -0.43 -0.39 -0.36  -0.26 MSLP -0.68 -0.45 -0.33 -0.31
Nifio4 -0.35 -0.30 -0.37 -0.16 Nifio4 0.05 -0.15 -0.29 -0.46
NWS 0.04 -0.19 -0.16 0.08 NWS 0.35 0.09 0.34 0.27
SAM 0.04 -0.01 0.05 -0.01 SAM -0.13 -0.30 0.13 0.14
NTS 0.18 0.08 0.21 0.21 NTS 0.15 -0.12 0.29 0.19
Autumn | Western Southern Central Eastgrn_Winter | Western Southern Central Eastern
Nifio4 -0.17 -0.21 -0.19 -0.02 Nifio4 0.31 -0.05 -0.24 -0.39
NWS 0.26 0.00 -0.02 0.24 NWS 0.26 0.02 0.27 0.23
SAM 0.19 0.14 0.16 0.08 SAM 0.28 -0.05 0.33 0.33
NTS 0.13 0.08 0.16 0.21 NTS 0.28 -0.04 0.28 0.25

Table 2: Correlation between rainfall (top) for foregions in the SEA and a range of climate indices
for Autumn (left) and Winter (right), and for a rdall residual with the relationship with local MBL
removed (bottom). Note: red figures indicate sigaifice above the 99% level and bold figures above
the 90% level.

Conclusions:

Over the entire SEA region the step change in autumn rainfallrddesgppear to be
clearly related to a single mode of large-scale varigbitbrrelations are usually
weak to moderate. Several forcings inter-play and their impartdiifers from one
sub-region to another. The main influence appears to be the inanee§&t P above
the area of interest. Significant negative correlations wiitoANSSTs are apparent in
autumn for the south-western and central part of the domain, once addiigioas
are used within the SEACI domain of interest. It is interestingpmpare this results
with the pattern of the rainfall decline in the SEA since 1996wifre2006) which
peaks in the south-west of the region as well. It suggests thsbitits that the
warming of the tropical central Pacific (Nifilo4 region), not neaely related to a
trend in ENSO but simply the global warming of the ocean, togeititle the rises of
MSLP above SEA have contributed to the autumn rainfall decline. témptt is
made here to explain the causes of the MSLP increase. Bue#ssnable to suggest
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in light of these results that the inter-play between these snaiteariability and the
local MSLP are important to explain the regional rainfall decline.

Additional information

Maps of trends for rainfall, Tmax, Tmin, MSLP and SSTs in thetralian region
discussed here but not shown for the sake of brevity can be plottextiivigly from
the Bureau of Meteorology web site:
http://www.bom.gov.au/cqi-bin/silo/reg/cli_chg/trendmaps.cgi
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Seasonal variation of ozone above
Macquarie Island and Davis
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“Atmosphere Watch Section, Bureau of Meteorology, Melbourne, Australia
Email: andrew.klekociuk@aad.gov.au

Abstract

The seasonal variation of ozone in the troposphere and lower stratogiiwe
Global Atmosphere Watch stations Macquarie Island (in the subacitanetl Davis
(in Antarctica) is examined using three years of ozonesondeurseaents. At both
sites the variation of ozone mixing ratio has a dominant annual compexegt
near the tropopause where there is significant short timesaalability. For
Macquarie Island, the phase of the annual cycle suggests that ozelseate largely
controlled by transport. At Davis transport also has a dominant inéuarnte lower
troposphere. Additionally, effects of the annual ozone hole cause a predquimese
shift of the annual cycle in the lower stratosphere.

Introduction

A program of ozonesonde measurements was established at Dawis &t&t0 E,

68.6 S) in 2003 (Klekociuk, 2006) to investigate the polar troposphere and lower
stratosphere. During winter and spring Davis is usually locateébdeaedge of the
stratospheric polar vortex and is well placed for the study ofrdiah and chemical
processes associated with the Antarctic ‘ozone hole’. A lorgren bzonesonde
program operates at Macquarie Island (159.0 E, 54.5S). This site lieheon
equatorward side of the polar vortex and provides a unique high latitudgeamint

from which to examine the descending branch of the Brewer-Dobson circulation.

Relatively little work has been reported on the seasonahtiar of ozone above
Macquarie Island. Lehmanret al (1992) examined long-term total column
measurements to quantify the seasonal cycle and trends. Eanleon the seasonal

cycle was reported by Kulkarni (1962; 1980). Cordero and Grainger (200@) use
ozonesonde data to examine low ozone events associated with dynarocesses

during 1997. The current study presents new results on the seasonal variation of ozone
above Macquarie Island at moderate vertical resolution and thestdick analysis
reported for Davis.

Analysis

The interval chosen for this study was 20 Feb 2003 to 20 Feb 2006 whickctwer
first three years of Davis measurements. Throughout thisvrattezonesonde flights
at Macquarie Island were made at weekly intervals. At Dinasflights were made
weekly from June through October of each year and monthly during other the months.
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Ozone mixing ratio and air temperature data obtained from the smwhe flights

were resampled onto separate uniform time-altitude grids lisgay interpolation of
triangles formed by Delaunay triangulation. A grid spacing of 88y in time and 1

km in altitude was used. The time spacing was chosen to provide an integer number of
intervals over the 3 year span, and was similar to the typisalal between the least
frequent Davis measurements. Data were only included in the sanafythe
maximum measurement altitude exceeded 25 km for Macquarie ktah?0 km for

Davis. The altitude limits were chosen to give adequate samiplimge and altitude

at the two sites given the inherent site-dependent limitation oamum balloon
altitudes, particularly in winter.

The resulting grided ozone mixing ratio data are presentedgiumre-il. This figure
shows that tropospheric ozone at the two sites (particularly itotermost 5 km)
has an obvious annual cycle with a minimum shortly after the sursohgice. Also

apparent in this figure are the effects of the ‘ozone hole’ indwer stratosphere
above Davis during spring (shown by reduced ozone in the altitude 18A22 km),

and the lower height of the tropopause at Davis compared with Maedsknd

(shown by the upper extent of the low o0zone mixing ratio thatieaeacteristic of the
troposphere).

Figure 1 Ozone mixing ratio for Macquarie IslanddaDavis. The times of the original measurements
are shown by vertical ticks near the upper horiabakis. The typical heights of the thermal
tropopause in summer and winter are: Macquariendial0 and 13 km; Davis 8 km and 12 km.

Fourier decomposition was applied to the grided data at each alfftoideprovided
the peak-to-peak amplitude and phase of the annual and higher order (inskring
annual and ter-annual) sinusoidal harmonics, as well as the magnitiecoinstant
(time-invariant) background term. The underlying assumption is thatsaids
provide a suitable decomposition of variability, which is reasonaiepfocesses
forced by seasonal changes in solar illumination (such as chlesfiiects associated
with photolysis and influenced by temperature, and transport etisstsciated with
shifting wind patterns). No padding or windowing of the time series wg2d. The
analysis method was tested using simulated data consisting ohgopezd sinusoids
and a background term, and by looking at the residuals forme&rbgving the
applied analysis from the original observations.
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The statistical significance of the peak-to-peak amplitudes determined from
Monte Carlo simulations. This involved analysing 1000 realisations ofwitise
having the same mean and variance as the original ozonesonde datmplihela
terms for the ozone mixing ratio are shown in Figure 2.

Figure 2 Results of Fourier decomposition for taenplitude’ terms of the ozone mixing ratio. Shown
as solid lines are the altitude variation of thadikground’ term and the peak-to-peak amplitudéhef t
first three harmonics. The 95% significance levetedmined from Monte Carlo simulations (as
described in the text) is shown by the dashed line.

The background terms at the two sites have remarkably simifdiepré\t Macquarie
Island, the annual term provides the major contribution to the monthBsdete
variability in the troposphere and lower stratosphere. Betw8éam and ~10 km the
annual cycle is not statistically significant at eithee.sithis is due to short-term
variability (apparent in Figure 1) that is likely related tmamyical processes such as
tropopause height variations related to the passage of weathemsysnd mixing
across the tropopause (Cordero and Grainger, 2002).

The annual terms at the two sites, where statistically feignt, have similar
amplitude profiles. At Davis, the annual term increases in amplftode the surface
to a local maximum at about 3 km altitude. This behaviour is diffeceMacquarie
Island where the amplitude decreases slightly over the aliigle range, and may
be associated with distinct boundary layer chemical procestles @vo sites (Ayres
et al, 1995, Tarasick and Bottenheim, 2002t both sites the annual term decreases
in amplitude in the upper altitude bins, with a roll-over point at ~20 kngeheral,
the semi-annual term and higher harmonics are not stalissighificant at the 95%
confidence limit. The exception is the semi-annual term for Dabsve 15 km,
which has an amplitude commensurate with that of the annual terrthedap of the
analysed altitude range. Similar behaviour occurs in the top titadal bins for
Macquarie Island.

Insight into the processes responsible for the harmonic terms isdedody

examination of their phase progression. Figure 3 shows phases dhtiké&cally

significant harmonics for ozone mixing ratio and air tempeeatliemperature is
included as it is regulates photochemical processes that argaitance for ozone
production and loss in the stratosphere (Peréslal, 1989).
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Figure 3 Phase variations for ozone mixing raticdaeemperature. Shown are phases of the peaks of
the harmonic terms where the significance of theesponding peak-to-peak amplitudes exceeds the
95% confidence limit. The phases of the ozone mistio harmonics are shown by the bold lines
labelled ‘MR1" and ‘MR2’ to denote the annual arehs-annual harmonics, respectively. Similarly,
the other solid lines labelled ‘T1’ and ‘T2’ refdo the annual and semi-annual temperature
harmonics. The dashed vertical lines indicate ihee$ of the solstices. Only one phase of the semi-
annual harmonic is shown; the other is offset bgdihths.

At Macquarie Island, the peak of the annual harmonic occurs afteiiriter solstice.
In the mid-troposphere, the maximum tends towards the spring equinadriilars
though less pronounced phase variation occurs at Davis. These gertarakfeare
reported by Logan (1985, 1999) who attributed the timing of the maximuthei
troposphere and lowermost stratosphere to competition between theneféis of
transport accumulation and photochemical loss. Similar behaviour hasdpeeted
for mid-latitudes from satellite observations (Wagal., 2006).

A semi-annual temperature cycle with maxima at the equinoasabove 15 km
at Macquarie Island. The peak-to-peak amplitude of this teri k§ eompared with
~10-20 K for the annual harmonic over the same altitude range. Above f#tietans
a ter-annual temperature component (not shown in Figure 3) which addso-the
peak of the semi-annual term at the spring equinox thus creatisgca@ndary
maximum in the annual cycle. This secondary cycle may beciassd with
meridional heat transport by planetary wave activity whichrangest in spring. The
phase of the ozone mixing ratio annual harmonic tends to displacelsotharspring
equinox between ~15 km and ~22 km, and there is a semi-annual component in the
upper altitude bins with a peak at the equinoxes. These effectben@yated to the
planetary wave activity through transport.

At Davis the onset of the ozone hole is first apparent (right prfelgure 1) in the
upper altitudes of the ozonesonde data as early as mid-July, jlusteatd of the polar
night. The exposure of the vortex to sunlight which triggers ozoneudéish is such
that the ozone hole develops slightly later at lower altitudes.otbarrence of the
ozone hole counteracts the transport-related ozone maximum (sbesetltitudes
at Macquarie Island) that would likely occur in its absence. Adteresult on the
Fourier decomposition is to shift the phase of the annual cycle konpee towards
the summer equinox. The influence of the ozone hole at Macquarie islanuch
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less obvious. As shown in the left panel of Figure 1, ozone leveisgdAugust
between 13 km and 19 km are noticeably lower than in July and September.

Conclusions

Fourier decomposition has been used to investigate the variation of akowe
Macquarie Island and Davis using 3 years of ozonesonde measurenzems.i®the
troposphere and lower stratosphere above the two sites varies eothinant annual
cycle that peaks after the winter solstice. This is comdistéth earlier work that
attributes the timing of the seasonal maximum to transport meseét Davis, the
occurrence of the Antarctic ozone hole complicates interpretatioeofFourier
decomposition and results in the shift of the peak of the annual toyededs mid-
summer.
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Abstract

When the UK Met Office Unified Model (UM) was selected &g tmodel for
ACCESS (Australian Community Climate Earth-System Simtj)atiocame complete
with a Single Column Model (SCM). The SCM will become an intgomat of model

development within ACCESS and this technical note is a short désergithow to

obtain and run this SCM within ACCESS. Examples of outputs from theehare

also presented.

Introduction

ACCESS is a coupled climate and earth system simulator beinfppetieas a joint
initiative of the Bureau of Meteorology and CSIRO and in cooperawith the
university community in Australia. ACCESS required a model womhld be run in
NWP (Numerical Weather Prediction) and climate simulation mbdésalso had a
state of the art NWP assimilation system. ACCESS selettte UK Met Office
Unified Model (UM) (Staniforthet al, 2004) as the best general circulation model
(GCM) to suite its purposes. When the UM was ported across toafasit came
with its own single column model (Hughes, 2004).

Physical parameterization schemes are used in climate/@dels to represent non-
resolvable physical processes, for example many of the obselveds and
especially the processes within them are of subgrid-scaleVgimn compared to full
climate/NWP runs, SCMs provide a fast and inexpensive way to centpase
parameterization schemes and to isolate the effects of the schemes.

As with all SCMs (see for example Xu and Arakawa, 1992; Rartall, 1996; Roff,
2006), the UM SCM is a 1-D time-dependent model described by the equations

where the local time-rate-of-change of the large-scale stariables (temperature T,
moisture g, and horizontal velocities u and v) depend on specified lalgefacing
terms (s) and a vertical motion field () as well as subgrid-scale termsy(&icy
which depend on the physical parameterization scheme beied.t@$te large-scale
forcing terms are obtained at a particular site either fotuservations taken during
Intense Observing Periods (IOPs) during experimental campargoan be created
from NWP output (Hume and Jakob, 2005).
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The UM SCM represents a single gridpoint in the full 3D UM mauohel all of the
physical processes in the SCM are the same as those WiMh&his is because the
SCM physics code is identical to the UM physics code fromtdpdevel physics
routines. Thus when any new scheme has been implemented witf8CMeit is
then available for testing within the full 3-D model. Because ofetlasibutes, the
SCM will become an integral part of model development within ACCESS (Figure

Figure 1 The SCM is seen as an integral part oABEESS model development method.
Accessing the UM vn6.3 SCM with the UMUI

This technical note documents the creation and operation of the SCM from UM vn 6.3
using the UM User Interface (UMUI). These instructions areila to a more
detailed PowerPoint tutorial which was created for new SCM wseng the UM vn

6.0 and this tutorial can be found on the Bureau of Meteorology interrsiteveat
http://gale.ho.bom.gov.au/bm/internal/regn/staf/glr/stuf/access/dérhéml .

The complete SCM code takes up ~210MB, can compile under unix or linukecan
setup and run within the UMUI or independently and can typically psocg&2 days
per minute using a 30min timestep. In order to more easily combikk
modifications with other user modifications, it is recommended dbkats run the
SCM via the UMUI as then the Flexible Code Management syg&€iv) can keep
track of any changes. This procedure is described below. Howeuailar
instructions for creating and running the SCM from UM vn 6.0 and 6.8hei&MUI
and independently, both on unix and linux platforms, will soon be storéa ateb
addresshttp://gale.ho.bom.gov.au/bm/internal/regn/staf/glr/glr.html

The procedure to create and run your own copy of the UM vn6.3 SCM tléng
UMUI on the Bureau of Meteorology and CSIRO infrastructsrdacumented in the
following sections.

- Getting Started with UMUI on r2:

ssh r2 == open an r2(tx7) window; then make thieing additions:

- cp ~access/.umsetvars_6.0 .

- cp ~access/.rhosts .

-add ~access/scripts ~access/bin /acce&stMrbin to your path

-add setenv PERLSLIB /access/bin/FCM/lib:/ubfferl5/site_perl/5.6.0 to your .cshrc file
-add /access/ust/lib to your lib path == faisf without this
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- cp ~glr/.fcm . == points to latest um: set:istan::um::vn6.3 16
- create a um_output dir in your home dir (unldssaaly created by previous umui runs)

- [es/flush2/dix043/umui/bin/umui == run martin’engion of the umui, as it has extra mods at present
this also requires "ssh tunnelling” (a backup cigpybm/home/glr/umui_myfiles/scm0_umui)

- Within umui:

- copy experiment ‘xadxa UM vn6.3 SCM START’ == Hight the expt with mouse; use pull-down
menu “Experiment => Copy” ; rename it “Experimemt Ehange Descripion”; the copied expt will be
given a new exptid, and belongs to your userid; ‘gagi glr -SCM test’

- open your folder e.g. xaci, highlight section, ‘ase pull-down menu “File => Open read write”. §hi
brings up a new window labelled e.g. umui applmatiNavigation of Job xaci.a: “glr — SCM test”.

- in the Navigation window, choose “Model Selectior User Information and Target Machine ->
General Details” and edit this to change user Beteom “glr" to your userid. Use Close button to g
back when changes have been made.

You now have a Single Column Unified Model!
- Compile within umui:
In the Navigation window, use the buttons to:

- Check Setup = checks the setup and writes towa-nerrors and warnings window (ignore these
errors at present)

- Save = save the setup you have created
- Process = creates files for running the compitein dir ~/umui_jobs/exptid e.g. ~/umui_jobs/xaci

- Extract = extracts the model from the FCM. The tramtion log file is in
\$SWORKDIR/UM63_OUTDIRA$RUNID

- Build = build the model exe on the at queue usri90 cross-compiler on the TX-7. The build log
file is in $WORKDIR/UM63_ROUTDIR/$USERID/$RUNID. ISuccessful (the build takes ~10mins)
the exe is found in the bin subdirectory e.g. famh/glryfUM63_ROUTDIR/glr/xadxa/bin/xadxa.exe.

- Making code changes within the SCM:

When the exe is created, the model source code tweds in sub-directories in
$WORKDIR/UM63_ROUTDIR/$USERID/$RUNID/src/UM. You ocachange the source code here
and then run the UMUI and then do the UMUI Buildgtbove again to create your new exe. The file
bld.out in the rundir $WORKDIR/UM63_ROUTDIR/$USERERUNID will tell you how the new
build goes. Then run the scm as below.

- Run the scm on a test TOGA dataset:
- cd userid/your_scm_dir == where you will run gen (eg /bm/home/glr/scm6.3)

- cp /bm/home/glr/scm6.3/um63scm_testO.tar.Z .ites heeded to run the scm; uncompress and untar
this file; search for ‘glr’ and replace with yoursarid in these files; replace the exe
$WORKDIR/UM63_ROUTDIR/gIr/xadxa/bin/xadxa.exe inngcm with your newly created exe. Note:
runscm is set for csh, make edit changes insidsdtmv -> export) if you are using ksh.

- gsub runscm == submit the scm to the sx

- this example run creates TOGA T1656 288 38lv_i2@0 diags.dat, an ascii file holding scm
model output. Convert this ascii file to netcdf.via

scm2nc TOGA _T1656_ 288 38lv_1200ts_c_diags.datgsdia

You now have run the SCM on a TOGA case.

- Typical output from the SCM

Sample output from the SCM using forcing data from the ARM S@Hrs1997 are
shown in Figure 2.
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Figure 2 ARM SGP CART SCM temperature (K) and fipdaimidity (kg/kg) from the 1997 10P.
Conclusions

The SCM is a fast and inexpensive tool that can be used to developesnd t
parameterization schemes for use in 3D models. It will becammmtegral part of
model development within ACCESS. One of its first tasks will deimulate and
assess observed situations using both observed and NWP forcing datavitem
ICE, and thus examine model assumptions and parameterizations.

Because of its small size and fast/inexpensive operation anbb$s relationship to
the full 3D code, the SCM is an excellent tool for ACCESS users within theBofe
Meteorology, CSIRO and the Universities to use as both an introduct and to
experiment on the UM model.
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Abstract

A recent survey of the record from the global drifting buoy proghéghlighted the
relatively low density of observations in the Australian regioicjuding the East
Australian Current system. The sparse dataset prevents thiledletsalysis of the
Lagrangian properties of the near-surface circulation thatbkeas undertaken in
comparable systems in the northern hemisphere. A collaborative yilates drifting

buoy observation program was implemented to assess the case Sostained
observing program for the East Australian Current system.

Introduction

Since the late 1980s the global surface drifting buoy arragtoaen into a sustained
observing system targeting 1250 buoys distributed globally. In additionrtace
observations a drogued surface drifting buoy also provides an estiintie ocean
currents at 15m depth and is designed to minimise slip due to winchddagurrent
shear. The Lagrangian observations provide an important addition tubseeving
system for ocean currents as they reflect the motion saatistemporal scales
regardless of sampling rate which is approximately every @Qhnike satellite
observations that are Eulerian). A survey of the coverage of thisvoizgs@rogram
(Summonset al, 2006) revealed that the majority of the regional sea surrounding
Australia are poorly observed relative to other regions in the mortRacific,
northern Atlantic and equatorial Pacific. Some exceptions includs pfathe Indian
and Southern Ocean which are the Bureau of Meteorology’s main depibgneas,
and the southern Tasman Sea which is routinely observed by buoys edeplpy
MetService New Zealand.

The record demonstrates that Australia’s largest curretersyshe East Australian
Current (EAC) and its associated frontal current systemvg, laagely been observed
through buoys of opportunity and not through a sustained observing program. The
Bureau of Meteorology and NOAA agreed to develop a pilot observingcprojth

the specific target of observing these systems and demonstailag for a sustained
observing program.

Experiment design

The pilot project was designed to (1) observe the EAC/Tasmare§iea,r(2) sustain
long buoy lifetimes and (3) provide observations of Lagrangian rdigsa The
Bureau of Meteorology maintains a network of voluntary observingsSMPS) for
the purpose of measuring, recording and transmitting weather olisesvathese
ships also regularly deploy meteorological drifting buoys andlipgffloats. A few
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selected VOS also participate in the Ship of Opportunity Progean@OOP),
launching expendable bathythermographs (XBT) to determine the therofile of
the ocean. The PX30 XBT sampling line which extends from Fiji to Brisbane as

Figure 1 The positions of XBT observations fromue/@X30 transects from Fiji to Australia
performed by CSIRO between 1993 and 1998. Thenslirezs are derived from the mean currents
from the BLUEIlink ReANalysis.

shown in Figurel, offered a favourable buoy deployment locationsedeng the
EAC. Importantly, the PX30 line lies to the south of and downstrearheofGreat
Barrier Reef, a known location for loss of drifting buoys. Two shipsfa Samoa |l
and Capitaine Tasman, were nominated as the deployment vesseltheviormer
also participating as an XBT vessel for CSIRO on PX30. fedtary model was
developed to construct synthetic Lagrangian trajectories terrdete the most
favourable position along the PX30 track for deployment of buoys. Thelmade
based on a Taylor series model as well as de Vries and Doos,.(2661ptal path of
the buoy was modelled by approximating the total velocity defined as,

dx
_:u

dt total ¥ u

total = uocean+ l'Islip

where u,..,, is the mean ocean current ang, is a component due to wind and ocean

current shear. The buoy type selected for this experiment inedvegaa ‘holey-sock’
drogue, for which the slip velocity has been calibrated (Néteal, 1995). In this
diagnostic the ocean current was estimated from the BLUEle#N=lysis (BRAN)
(Okeet al, 2005) and the 10 m winds were obtained from ECMWF. The peak of the
EAC current transport occurs during summer which corresponds tgea tagion of
southward propagating trajectories (not shown). Summer was the edefemiod to
conduct the experiment however due to various logistic issues theineaper
occurred Feb-Mar 2007. A total of 8 buoys for the pilot experimerg wesvided by
the Global Drifter Center in NOAA requiring overseas transpbrajectories were
computed for deployment locations from Brisbane along the PX30dmmifiltiple
years and multiple initial dates. An example for th& Eebruary 2002 is shown in
Figure 2 and reveals the range of longitudes near the wbase the probability of
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southward propagation is high. Although there is inter-annual and seasoabilitya

in the circulation the region of southward propagation is relatigehsistent. An
additional design constraint was to deploy the buoys as far daiteotoast to
minimise the risk of drifting into the coast due to tidal curreartd other coastal
processes.

(@) (b)

Figure 2 (a) Synthetic Lagrangian trajectories anigting from points along the PX30 line based on
BRAN and (b) Volunteer officer deploying a surfdaéting buoy from the Forum Samoa II.

The drifters were deployed as close pairs through four sequshifa crossings
(approximately 14 days apart). The drifter pairs targetednrdton on Lagrangian
dispersion and surface current stability which is a fundamentdigués Lagrangian

dynamics. The separation of the pairs was set at 10 minugsifi) to ensure close
initial location but avoid drogue entanglement. Unlike Pejeal (2002) which

targeted a high dispersion region (i.e., a saddle point in state)sgias deployment
attempted to target a relatively stable high probabilityoegf flow. The primary

goal was to observe the EAC constrained by a maximum lifetiatieer than

maximum dispersion and thereby coverage. However by making uaesttbng

region of flow, large dispersion was expected in phase speed leadanganhge of
departure points into the Tasman Sea. Trajectory modelling resygdleetic lifetimes

in excess of the recent estimates of half life of a dgftouoy which is now ~400
days (Lumpkin and Pazos, 2004) where half life is the time fordiatie deployed
buoys to have ceased to perform correctly (e.g., transmitter or drolywe)fai

Deployments

Each ship was asked to deploy the drifting buoys between 155.5E and #&5& w
temporal separation of approximately 10 minutes. The deploymentsstaggered to
ensure the drogues did not become entangled. In the event of unexgatedthe
deployment region was extended to 154.5E. The deployment of the firdtypan

officer on board the Forum Samoa Il is shown in Figure 2(b). Airdyifouoy is
wrapped in cardboard for ease of deployment off the side of the ship. The cardboard is
then dissolved by seawater to allow full extension of the holely-googue. The
deployment times and locations of the 8 buoys are summarised la Tafll
deployments conformed to the instructions provided to the ships officers.

Results

The first pair of buoys was deployed on tHéFeb 2007 and immediately headed
northward (not shown). Many of the synthetic Lagrangian trajectoriemthally
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WMO number | Date / Time Position Ship

(buoy ID)

55611 (63137) 01 Feb 2007 /0730 UTC 26° 21'S 15%E Forum Samoa Il
55617 (63140) 01 Feb 2007 /0740 UTC 26° 22'S 15%E Forum Samoa Il
55916 (63138) 20 Feb 2007 / 1028 UTC 26° 20.0S 055E Capitaine Tasman
55924 (63139) 20 Feb 2007 / 1039 UTC 26° 21.0S 035E Capitaine Tasman

55620 (63141) 04 Mar 2007 / 0800 UTC 26° 23.6S 15p2' E Forum Samoa Il

55932 (63142) 04 Mar 2007 / 0810 UTC 26° 24'S 185.3' E Forum Samoa I

55941 (63143) 20 Mar 2007 /1302 UTC 26° 19.0S IEBE Capitaine Tasman

55942 (63145) 20 Mar 2007 /1312 UTC 26° 20.0S IEBBE Capitaine Tasman

Table 1: Buoy launch location, date and time

tracked northward later showed a tendency to recirculate and ridjeirEAC.
However as of mid-March 2007, this pair was still tracking northveard are in
danger of beaching on offshore reefs. The second pair of buoys tthekeicculation

of an anti-cyclonic eddy (Figure 3a) which subsequently propagated sodtkith

the EAC. The eddy has a rotational period of ~3-5 days (inertial period 26.4 hrs) and a
minimum radial scale of about 100 km. Both buoys remained in closenptgtor

31 days completing 5 revolutions showing a stable Lagrangian flow regime. A

(@ (b) (©)

Figure 3 (a) Observed positions of surface buoy|®85916 over 41 days launched on the 21st
February 2007, (b) OceanMAPS analysed surface testyoe and currents, 24 February 2007 and (c)
CSIRO sea surface current and sea surface temgeratalysis, 24 February 2007.

comparison with the current field forecast by a trial versiothefoperational ocean

prediction system (Brassingtogt al, 2007) and a synthetic analysis of satellite
altimetry from CSIRO in Figure 3(b) and (c) respectivdipws the presence of the
anti-cyclonic eddy at the time of deployment. The remaining twiss paave
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propagated eastward along a secondary front which occurs intéhselsson of the
EAC.

Conclusions

The pilot surface drifting buoy program demonstrated that th8 @@gram is a low-
cost high quality platform for this type of experiment. The wiglege of initial buoy
displacements demonstrated that the selected deployment locatimmeastward of
the main EAC and in a less stable flow region in state sgcehis occasion no
attempt was made to modify the deployment location based orean @mrecast. The
pattern of deployment will satisfy NOAA objectives of wide aage with potential
for long-lived deployments, although the first pair tracking north méllvulnerable to
failure from impinging on reef systems. Critically none of tleployments headed
toward the coast as expected. The primary goal of observing the vitasCless
successful with only one pair showing an initial southward propagatios paéhi was
however a spectacular example of an anticyclone and have compietedadutions
of the eddy at the time of publishing. The strategy of deploymepsirs also proved
to be successful, with the 10 minutes initial displacement serftidor the buoys to
separate O(200km) after one month. This provided the right balance etinnga
Lagrangian dispersion and maximising long term coverage. The lorydigee pair
is an exception but an important Lagrangian observation. Overafliltiteprogram
outlined above represents a substantial contribution to the coverdyge medion as
compared to historical records and it is hoped this study will ntetiaafollow-on
campaign.

Acknowledgements

The authors thank the BLUEIink science team, the crew of both thenFamoa Il

and the Capitaine Tasman, NOAA Coastwatch for the images ofttackg and Rick
Lumpkin, Global Drifter Center, NOAA, for the supply of SVP buoys aathd
transmission costs.

References

Brassington, G. B., T. Pugh, C. Spillman, E. Schiiz Beggs, A. Schiller and P. R. Oke, 2007:
BLUEIink> Development of operational oceanography &ervicing in Australia, J. of Research and
Practice in Information Technology (in press).

de Vries, P. and K. Doos, 2001: Calculating Lagiramgrajectories using time-dependent velocity
fields, J. Atmos. and Oceanic Tech8, 1092-1101.

Lumpkin, R. and M. Pazos, 2004: Liftime statistafsmost recent drifter deployments (2000-2003),
Global Drifter Program/Drifter Data Assembly CenteBCP-20, Chennai, India.

Niiler, P. P., A. S. Sybrandy, K. Bi, P. M. Pouland D. Bitterman, 1995: Measurements of the water-
following capability of the holey-sock ad TRISTARifters. Deep Sea Rek 42, 1951-1964.

Oke, P. R., A. Schiller, D. A. Griffin and G. B. &¥sington, 2005: Ensemble data assimilation for an
eddy-resolving ocean model of the Australian regi@n). R. Meteorol. Socl31, 3301-3311.

Poje, A. C., M. Toner, A. D. Kirwan and C. K. Jong902: Drifter launch strategies based on
Lagrangian templated. Phys. Oceanogr32, 1855-1869.

Summons, N., G. B. Brassington, |. Simmonds, 2086survey of the surface drifter observation
record for Australia’s current systenBYIRC Res.Let5, 12-17.
(http://www.bom.gov.au/bmrc/pubs/researchlettelétes05. pdf)



