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INTRODUCTION

This case study presents an analysis of the potential impacts of climate change on the Hunter Valley Wine
Industry. It has been completed as part ofregional research program to identify the regional and sub
regional scale impacts of climate change in the Hunter, Central and Lower North Coast region of New South
Wales. In addition to an overall analysishigtoricaland projected climate change foné region Blackmore &
Goodwin, 2008; Blackmore & Goodwin, 20@8nerated by this research, 4 case studies (of which this is one)
have been developed to more specifically analyse and understand the potential impacts of climate change in
the region. Thedcus of these case studies includes the HunaleyWine Industry (HVWI) Human Health
(Extreme Heat), Bushfires and Extreme Events in the Coastal Zone.

The HVWI forms an important case study for the assessment of impacts of climate change due to the
importance of the industry to the region

The wine industry is of significant importance to the Hunter region, both in terms of its economic contribution

Fda Iy AYRdzZAGNE |yR AG&a NRB{S Ay GKS NBIAZ2yadesdnd dzZNR &Y
cellar doors, with the majority of these operating as boutique wineries producing 500 tonnes opdess

annum In 200304, the Hunter produced an estimated $203 million in wine sales; $147 million in the
domestic market and $37.8 million geneedtthrough exports (Macdonald 2005). Estimates of the economic
contribution of winery related tourism are difficult given the lack of available data, howeverabmn

attracted an estimated 2.5 million visitors during 2007. The economic benefit frone tisgors includes not

only their winery related expenditure but also flewn expenditure and job creation.

L



STUDWREA

A study area boundarpas beerdefined n order to analyse and present projected impacts of climate change
on the HVWI. This boundasncompasses all of the regidsajor wine growing areagPokolbin, Broke
Fordwich and Upper Huntegnd extends from Muswellbrook in the north to Wollombi in the south and
westward from Sandy Hollow to Gresford in the east. This boundary includes latgmpaf the Wollemi and
Yengo National Parks, whittave beenexcluded from the analysis. A map of the study area is provided in
Figurel.

Boundary for Hunter Valley Wine Industry
Climate Change Impact Case Study
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Figurel - Map of the study region



IDENTIFICATIONF KEY CLIMAISSUES

INDUSTRY CONSULTANIO

The climate issues that are analysed within this case study for the purpose of identifying potential impacts
arising from climate change have been identified through consultation with the HiwadeyWine Industry
Associabn (HVWIARNd Industry and Investment NSWhese issues relate primarily to changes in extreme
heat events average temperatures, frost events and rainfdlhe impact of climate change on pests and
diseases such as Queensland Fruit Fly was also igdrdi$i a primary conceré description of the nature and
significance of each of these issueghe industry is provided below.

EXTREME HEAVENTS

Extreme heat eventgesult in leaf burn on vines andere identified by ==
stakeholders as a key concerBxreme temperature threshold valuesFig
vary according tavine variety, thus no single threshold value relevant fo g
all varieties existsA recent report by thé&rape and Wine Research an
Development Corporation (Australian Government 209®)videsresults
of research conducted on Semillomhich can be useds a guide for
assessing heat impacts on grapedtakeholders have identified the
potential for Semillon to be considered a® O y I NB  Avgriety |
due to its relatively low heat tolerance compared other varieties =

Semillon is alsoegarded asan icon wine variety for the Hunter Regiol " * .
and is thus of regional significanceThe report identifies a threshold i 'd"«'“‘
value of38°Cfor leaf burnin the Hunter. R EHE Y

Figure2 - Photo of Leaf burn on vines

|AVERAGE TEMPERATURE

A relationship exists beteen average temperatures argtape
yield, particularly through its influence omsoil temperature
which is thetrigger for vine bud burstWarmer average winter
temperatures contributing to higher soil temperatures and
earlier budbursts of key concern akis scenario renders vines
more susceptible to frost damage

Average temperatures are also important to growing degree
days. According tandustry stakeholdersgrape vines in the
Hunter Valleyrequire around 130¢ 140 days of around 2%C
between budbust and harves(September toMarch). In light

of the number of variablege.g. soil temperature and moisture)
in addition to ambient temperature that influence bud bursstakeholders considered that average
temperatures alone would not provide sufficiemformation to ascertain the potential impacts of climate
change on this aspect of plant growtlDespite this, lhere was agreement that analysis of average
temperature, cloudiness, sunshine hours and changes to seasonality of rainfall patterr&elihood of
increased rain and cloud in spring asdmmer) would inform potential impacts on growimggree days.
Unfortunately, analysis of cloudiness and sunshine hours is not possible due to limited availatiétgvant
data. As such, theclimate indiators identified by Webb et al (2005) that are likéty be associated with
grapevine growth and/or grape quality have been assessed.

Figure3 - Photo of frostdamage during budburs



FROST

Temperatures of-6°C to -7 °C degrees can cause direct physical’
damage to the vascular systems of thimes which in turn inhibits =

fruit development and energy storage during the subsequent growing

in frost hollows. The timing of frost events is also significaBud « .~

oA

burst (for Chardonnay) genalty occurs around *1/ 2" week in ‘.‘r":f - _
September. Frost after this can cause significant damage.— _;.
Sakeholdersidentified that frost is a lower priority for inclusion in_:.fgv: '% :
the case study relative to the other climate parameters that ha\fe-f'
been identified, howeveit wasneverthelessacknowledged that frost ‘_‘:". S
information would still be of benefit to grower3he identification of ey
frost hollows was not considered a priority for the case study g|v&1;’ 13
that this issue is generally accounted for in vineyard design s 5

planting (ie. frost hollows are avoided).

It was agreed that-6°C provides an appropriate threshold fOFigure4-Photo of vine split as a result
examining the impacts of extreme frosts that can cause vascCliost

damage as well as trunk cracking (which in turn has impacts on long

term viability due o pathogen invasion). In regard to frost timing, it was agreed that frosts occurring in
October / November are of particular concern due to their impact on new growth.

RAINFALL

Stakeholders identified that he maximum rainfall for successful
viticulture is 700nm - 750mm per annum. Summer rain is a key issue
however, particularly where it occurs around harvest time when it
encourages fungal diseaseoften stalls ripeningand also makes
harvesting physically difficult (eg. difficult to get machinery on
paddocks).Change to the seasonality of rainfall (particularly the potential
for an increase in summer rainfalllas identified as @riority for the case
Figure 5 - Photo of harvesting isst Study analysis.Rainfallwas also identified athe key issue in regard to
caused by rainfall pestinfestationsand diseaeinfection events

QUEENSLAND FRUIT FLY

The potentiaffor changing climatic conditisto exacerbate the problems posed to the viticulture industry by

pests and diseases is of concern to stakehold@tD Fruit Flis one such pest whosefestations areaffected

by a combination of climatic factor$heir rate of development is temperature dependent and reproduction
decreases/mortality increases witlecreasedainfall (Yonow, et al., 2004). Stephens eQa. o0 Hnnof 0 Y2 RSt
the geographic distributionfoQLD Fruit Fly under climate change scenarios progdtssion of their current

tropical and suHropical rangedurther towards the polesThey also notéhe potentialfor range contradbn

in areas where precipitation is projected decrease substaidlly. Climate change scenariofi@ve warming

of 0.5, 1.0 and 2.@egrees Celsius are projectedggest an expansion of the current endemic range of the QLD

Fruit Fly(IPCC 2007b)



SCIENTIFIC LITERAEUWEVIEW

In addition to the concerns and climate paratars identified by industry stakeholders, a review of available
research has confirmed the close relationship between climate and viticultanel the consequent
susceptibility of the wine industry to climate change. A relationship between temperaturenametgrape

quality has been established (Jackson and Lombard 1993) and assessment of the impacts of projected
temperature change has been made (Webb et al. 2005). Webb et al. (2005) also identify a number of climate
indicators that are likely associatedttvgrapevine growth and/or grape quality. These indicators include:

o Heat degree days (HDD) (Amerine and Winkler 1944);

¢ Annual rainfall (Webb et al 2005);

e Mean January temperature (MJDry and Smart 1988);

e latitude temperature index (LTI) (Jackson an@érgh1988);

e Winter minimum temperature (June to August);

¢ Harvest maximum temperature (Average of December to March) (Happ 1999);

¢ Rainfall (summer) (Nicholas et al. 1994);

¢ Diurnal range (January maximum temperature minus January minimum temperature); and,
¢ (ontinentality (January mean minus July mean) (Gladstones 1992).

General imate change projections indicate an increase in temperature and possibly precipitation. Assuch,
change in these noted indicatorslikely to provide data relevant for the assesnt of impacts on the wine
industry. It is noted a priori that these projected changes are likely to impact on the grapevine growth and/or
grape quality, potentially leading to varietal substitution and/or shifting suitability of viticulture areas (Webb e
al 2005). This case study will focus on the HVWI using regionally spéstifiical and projected data to
ascertain likely impacts.



DISCUSSION OF KEMVM@GTE PARAMETERS

The key climate parameters that have been used in the analysis for this case &iudetermine potential
impacts on the climate issues and indicators that have been identified above, include daily precipitation, daily
maximum and minimum temperature, daily pawvaporation, humidityand water balance Historical records

for these paametershave been obtained from the Australian Bureau of Meteorology (BOM) for the period
from the beginningf record keepindor individual stations until December 200heseparameters are briefly
discussed below.

It is important toensure that the daa sets used in this study are of a sufficient length, cover a common time
span and are reasonably complete. Thus a data interrogation process was used to determine the
completeness of each of the records. Each climate parameter serees was checked fanissing data
between the years of interest (1948 and 20b@hd this was converted to percentage completeness. It was
determined that a good spatial coverage could still be maintained by restricting the final data set to stations
with daily records that e at least 90% complete.

DAILYPRECIPITATION

Of the 80 BOM precipitation stationsneeting 90% complete criteriem the Hunter, Central and Lower North
Coastregion, seven (7)stations lie within the viticulture case study arespplyinga 10km buffer aound the

study area includes an additionttiree (3) stations for analysisPrecipitation records are available from as
earlyas1863 at Branxton, with the last of the stations commencing operations from October 1932. Thus for all
but one station, a minimon of 100 years of historical precipitation records are available. The 10 stations are
listed inTablel.

BOM ID [NAME SITE_OPEN |LATITUDE |LONGITUDE |ELEVATION*
61016 |DENMAN (PALACE STREET) 01/1883 -32.3885 150.6890 105
61000 |ABERDEEN (MAIN RD) 01/1894 -32.1655 150.8910 183
61086 |JERRYS PLAINS POST OFFICE 01/1884 -32.4972 150.9090 90
61095 |ROUCHEL BROOK (ALBANO) 10/1932 -32.1939 151.0930 305
61056 |POKOLBIN (BEN EAN) 08/1905 -32.7965 151.2800 140
61050 |SEDGEFIELD (BUNDAJON) 01/1903 -32.4997 151.2860 73
61014 |BRANXTON (DALWOOD VINEYARD) |01/1863 -32.6385 151.4170 40
61048 |MULBRING (STONE STREET) 01/1932 -32.9029 151.4820 31
61024 [GRESFORD POST OFFICE 01/1895 -32.4266 151.5380 85
61096 [PATERSON POST OFFICE 01/1901 -32.5997 151.6180 21

* Metres above sea level

Tablel ¢ Available precipitation stations

! The year 1948 was chosen as the lower bound as this corresponds to the first year for which the atmospheric data isimhéable
NCEP/NCAR dataset (and therefore was also be the first year for which the syymipgiovas carried out).



DAILY MAXIMUM AND MIMUM TEMPERATURE

Of the 17 BOMmaxmum and minimum temperaturstations meeting 90% complete criteria the Hunter,
Central and Lower North Coastgion, only two (2) stations (errysPlains and Lostock Dam) lie within the

viticulture case study area. Applying a 10km buffer zone arouadstihdy area results in an additiaione site
selected(Paterson)

BOM ID | NAME SITE_OPEN |LATITUDE |LONGITUDE | ELEVATION*
61086 |JERRYS PLAINS POST OFFICE |01/1884 -32.4972 150.9090 90
61288 |LOSTOCK DAM 01/1969 -32.3322 151.4590 200
61250 |PATERSON (TOCAL AWS) 11/1967 -32.6296 151.5920 30

* Metres above zea level
Table2 - Available maximum and minimum temperature stations
The length of record for maximum and minimum temperature is much shorter than that available for

predpitation. Only one of the stations in the study areleifysPlains) has historical records available for over
100 years.

DAILY PAN EVAPORANIO

From theseven 7) BOMpan evaporationstationsmeeting 90% complete criteri@m the Hunter, Central and
Lower North Coastregion, only two (2) stations (Cessnock and Lostock Dam) lie within the viticulture case

study area. Applying a 10km buffer zone around the study area results in an adtibiom site selected
(Paterson).

BOM ID |NAME SITE_OPEN |LATITUDE |LONGITUDE |[ELEVATION*
61288 |LOSTOCK DAM 01/1969 -32.3322 151.4590 200
61250 |PATERSON (TOCAL AWS) |11/1967 -32.6296 151.5920 30
61242 [CESSNOCK (NULKABA) 01/1966 -32.8093 151.3490 62

* Metres above sea level

Table3 - Available pan evaporation stations

HUMIDITY

Of thetwelve (12) 3 hourly humidity stations meeting 90% complete criteria, only one station (Lostock Dam)

lies within the study area. The addition of a 10km buffer zone around the study area results in doneddit
one site selected (Paterson).

BOM ID |NAME SITE_OPEN |LATITUDE |LONGITUDE |[ELEVATION*
61288 |LOSTOCK DAM 01/1969 -32.3322 151.4590 200
61250 |PATERSON (TOCAL AWS) |11/1967 -32.6296 151.5920 30

* Metres above sea level

Table4 ¢ Available humidity stations



WATER BALANCE

The analysis of key climate variables will also include consideration of water baBmee vater balanceis
calculated by subtracting thaverage daily pan evaporation (mm/24Hrpm the average daily precipitation

for each seasorEvapotranspiration is not taken into accouin. the study area (and 10km buffer)nly the
Patersonstation records both precipitation and evaporation (that medhe selection criteria). Cessnock
(Nulkaba) precipitation is available from January 1966 and for Lostock Dam from January 1969. Thus data from
these two precipitation stations will be included in order to assess water balance.



CASE STUDY METHODGIO

Atwo step methodological process has been adopted for the analysis of climate parameters completed for this
case study. Firstly, key climate indices relevant to the viticulture industry have been identified and changes in
these indices are assessed usiigtoricalrecords obtained from the Bureau of Meteorology (BOM). Secondly,
climate projections for the region obtained from Global Climate Model (GCM) outputhe A2 (high)
emissions scenariand a process called Statistical DownscalBig)have been utised to assess likely impacts

on the relevant key climate indices for the period from 22880 A.D.

GCMs generate future climate scenarios and provide output for a range of key climate variables. The CSIRO
Mk3.5 GCM has been determined as the most appiate GCM to identify projected changes in climate for

the Hunter, Central and Lower North Coast region. Becafiske codNBR S a OF £ § 2dziLddzia 3ISy SN
however, the additional process &Dhas also been used to generate climate projections nmretevant and

applicable for regional scale analysis and management purp&®s a term given to techniques used to

derive values for climate variables at a regional or-sedional level from the coarse scale output of GCMs.
Specifically, a weather typj approach to SD has been adopted for the research presented in this case study.

In summary, this process has included:

1. Identifying the key synoptic typdSTs}hat drive climate variability in the region.
2. Identifying the relationships between ¢éise STs and BOMstoricalrecords for key climate variables.

3. Using the GCM to identify projected changes in the frequency of occurrence of these key STs based on sea
level pressure (SLP) output data generated by the GCM

4. Combining our understandingf how the
regions weather is impacted by these key STis
with projected changes in their frequency to
project likely changes in key climate variables
across the region.

A more detailed overview of the methodology is
included in the reportClimatic Changenipact for

the Hunter, Lower North Coast and Central Coag
Region of NS\Blackmore & Goodwin, 2009The
key benefit of this approach is that it provides g
richer understanding of the&drivers of weather
patterns within the region and how these drivers|
are likely to change in the future.

The projections areeported in terms of three

climate zones derived for the (HCLNC) regis

(Blackmore & Goodwir2008). The study region for Figure6 - Climate zones incorporated in the stly region
this case study incorporates two of these identifie

climate zones wWestern andcentral zonesg see

Figure6).



HISTORICAL CLIMATERIABILITY AND TRESID

PRECIPITATION

Average annual precipitation in the HVWI study region varied between 416mm and 1451mm for the period
from 1933 to 2007, a range of 1035mifidure?7). Although record keeping at some precipitation stations in
0KS addzRé NBIA2Yy SEGSyRa ol Of 20072 timé ieBiod Yids Reerii ®lected G S
because records prior to this date are incomplete and di provide sufficient spatial coverageNo
observable trends are evident over this time period (shown as a red linear trend Iigure7). Thirty four of

the seventy five yearanalyzed(34%)recorded average precipitation fahe study regiorbelow the upper

bound of 750mm(the noted maximum annual precipitation identified by stakeholders).

Average Annual Precipitation - Wine Region

i  § % #
200

6800 — v

Precipitation (mm)

L2 AL LA AL O |

T
m D N N N O A s N~ O M W A NN W A S O MW N W
m m m s < < w n YW YW W W s~ M~ 000 O O
G O O Y O O YO YOy O B} D Y O o Y O Yy O O

Figure7 - Average annual precipitation for the Hunter Valley wine region

Precipitation for the region is plotted for each season from 1933 to 2(@0gure 8). Average summer
precipitation for the 1933 to 2007 time period varied between 74mm and 609mm (a range of 535mm) with an
average of 271mm for the season. Autumn precipitation is less variable, ranging between 53mm and 492mm
and averaging 203mm. Despireceiving the lowest average seasonal precipitation of 155mm, winter
variability is highest with a range of 27mm to 643mm. Spring precipitation varied between 35mm and 400mm
during the time period, a range of 176mm. The average precipitation for tasosewas 176mm.

In addition to dfferential rangesobservable trends are evident for the seasonal data. Negligible change is
evident in summer however observable increases are present in autumn and spring. An observable decrease is
evident in winter.Combned however, these slight changes in seasonal patterns produce no change at the
annual level. Analysis of the trends using regression analysis also finds these trends statistically insignificant.
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Average Summer Pracipitation - Region Average Autumn Precipitation - Reglon
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Figure8 - Average seasonal precipitation for the Hunter Valley wine region
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TEMPERATURE

EXTREME HEAT EVENTS

An annual count of extreme heat events (i.e. days with maXimuii SYLISNI G dzZNB | 62 @3S 2NJ S|
plotted for the years from 1957 to 2007 Figure9. The number of extreme heat events per annum varied

between 1 (1976, 1978, 1984, 1986, and 1992) and 19 (1957) during this time peni@le@gethe study

region experiences six (6) extreme heat events per annum.
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Figure9 - Frequency of extreme heat events (192007)

The number of extreme heat events occurring per annum was assessed to determine if any increasing or
decreasing trend is evident. No discernabientd is evident.

HEAT DEGREE DAMSD)

HDD is a measure of the warmth of a region. It is obtained by subtracting the minimum temperatura from
RFeQa YIFEAYdzY GSYLISNI GdzNB 62 260Gl Ay GKS YSIy REFEAE @
G tdzSd® ¢KS @I tdzS 2F mnx/ Aad dzaSR 0SS0l dzaS GAySa R2 y?2
temperature is then added to achieve a growiegason summation. In Australia, the growing season is
considered to extend from 1 September to 31 March and thus the summation is calculated over this time

period. The summation is calculated from 19t 2008 thuseach data point includes data from aogring

season spanning two years (i.e. 1958 data point includes data from September 1957 to March 1958).
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Heat Degree Days (Accumulation)
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FigurelO- Heat degree days (accunmation 19582008)

The HDD summation for the study region ranges between 2006 and 2623, with an avE22H8 FigurelQ).
! aGriAradAaolrtte AAIAYATFAOLYG otTnodnod AYONBlFaiAy3d (GNBy
6 LILINE EA YI (i §increase in the HDH Ndmen&tibnNdas recorded for the period from 1957 to. 2008

MEAN JANUARY TEMPERRE

The mean temperaturefor January isglerived from dailymaximum and minimum temperaturaveraged for

the month(i.e. daily maximum temperature + daily minimum temperature./N2¢an January temperature for

0KS adGdzRé NBIA2Yy NI y3SRpefoNRovh 1957 t© R00F(guie21). Ancoldservable T 2 NJ (i K
AYONBLIFaAy3d tAYySFENI GNBYR Ay YSIy WFydz NB §GSYLISNI {dzNB
however it should be noted that this trend is not statisticallyngigant.

January Mean Temperature
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Figurell- January mean temperature (195Z008)
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WINTER MINIMUM TEMREBTURE

Average winter(JJAMminimum temperature for the period from957 to 2007 is shown iRigurel2. Average
GSYLISNF GdzNB& F2NJ 6AYyGSNI N yaS 06Si6SSy odcx/ YR T1oyx
statistically significant (P=0.0) increasing linear trend in winter minimum temperatures is evident. This increase

A& | LILINE E A ‘et tiie $irhedperimddThis increasd is evident despite an increase in frost days (see page

17).

Figurel2 - Average winter minimum temperature (1952007)

VHARVEST MAXIMUM TEMRPATRE

The harvest period is calculated ovsvo periods; firstlythe months of December, January, February and
March (DJFMand then over the months of January and February fféif) 1957 to 2008. Average harvest
maximum temperaturdor DJFManges between 26c x / YR oH®px/ SAGK Fy | @SNF 3S
study region over the designated time periadFigure 13). An observable increasing linear trend of
I LIWINBEAYLF GSt& nopx/ 2OSNJ GKAA 9 noSstatlsiBalyh SgRificahthe S OA RSy (
F dSNI 3S F2NJ 6KS WC KINBSald LISNA2R Aa atAaakiate t26SNI I
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