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Summary
In this study, the variability in mesoclimates of important vineyard regions in
Israel was examined for the first time.
The compiled results suggest there is a significant difference in heat load and
vine stress among the vineyard regions within Israel. In addition, an inverse
correlation between altitude of the vineyard and heat load was found.
The analysis of the climatic conditions was done using various climatic
indices. Two new indices, which are suggested to be more suitable for
analysis of warm Mediterranean climate, were formed for this study.

In the second part of the research, grape varieties grown in Israel were
compared to varieties grown in regions outside of Israel that possess a similar
climate (homoclime regions).
It was found that compared to the homoclime regions, among the top varieties
grown in Israel, less emphasis is put on white varieties. In both homoclime
regions found (Paarl, South Africa and Swan Valley, Australia), Chenin Blanc
is the main variety grown (24% of total plantings), compared to Israel's top
variety, Cabernet Sauvignon (20%), and minor plantings of Chenin Blanc
(0.4%).
This study enhances our understanding of the climate in different vineyard
areas in Israel, and hence may assist in future planting decisions.

1
© Institute of Masters of Wine 2015.

2
© Institute of Masters of Wine 2015.

Part I - The Quantification of the Variability of Mesoclimates
among Important Vineyard Regions in Israel
1. Introduction and Background
Part I of this research is a first-time comparison of mesoclimates of important
vineyard regions in Israel. In addition to the Israeli vineyards, four vineyard
regions elsewhere were analyzed: Barossa, South Australia; Bordeaux,
France; and two in California (Oakville and Lodi). The vineyard regions
outside of Israel were analyzed in this research to give a context to the
climatic conditions in Israeli vineyards. The criteria for choosing these four
stations are given in the Methodology section, page 25.

1.1 Objective of Part I
To examine whether there is significant variability in climate indices among
vineyard regions in Israel.

1.2 Wine in Israel - Background
Israel's wine industry has a long history, going back thousands of years.
However, the history of winemaking is not a continuous one, given that during
the Muslim conquest of the region, only vines destined for table grapes were
permitted (Sacks et al., 2015).
The modern history of wine in Israel is very young; many vineyard regions are
only a few decades old. Today, the total area of planted vineyards is 5,500
3
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hectares (Israel Wine Board vintage report, 2014) in seven wine regions:
Golan Heights, Upper Galilee, Lower Galilee, Central Mountains, Judean
Foothills, Coastal Plain, and Negev.
Currently, the wine industry in Israel is undergoing a 'quality revolution' (Sacks
et al., 2015). At the establishment of the State of Israel in 1948, the vineyards
covered 1700 hectares, with plantings consisting mostly of varieties destined
for grape juice or distillation (Sacks et al., 2015). Wine production was
dominated by the Carmel Mizrachi cooperative, which had holdings of more
than 85% of the production (Montefiore 2015, pers. comm.). The 'quality
revolution' began in the 1980s with plantings of international varieties in
cooler, higher elevation areas (Robinson and Harding, 2015). Today, dozens
of small wineries proliferate (Rogov, 2011). Most wineries use modern
technology and internationally trained winemakers (Robinson and Harding,
2015).
Currently, there is no official standardization method for differentiating the
quality of Israeli wines (Sacks et al., 2015). Wines that are regarded as highquality by influential critics and command relatively high market prices are
being produced in all wine regions and from several varieties, such as
Cabernet Sauvignon, Syrah, Carignan, Chardonnay and Sauvignon Blanc
(Rogov, 2011; Parker, 2008; Johnson, 2015).
Information on the evolution of the grape varieties planted in Israel is given in
Part II.
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1.2.1 The general climate in Israel
The general climate in Israel is Mediterranean, with long, hot, dry summers
and cool, rainy winters (Chapin Metz, 1988).
Although Israel's total area is only 22,072 KM2 (Chapin Metz, 1988), the
climate is diverse. The north and the west are temperate, with the highest
humidity levels and precipitation amounts and the lowest temperatures. The
northern part of the Negev and the eastern parts of Israel are semi-arid, with
humidity and precipitation values lower and temperatures higher. The south is
arid, with the lowest precipitation and humidity values and the highest
temperatures (Yom-Tov, 1988). The vast majority of vineyards are planted in
temperate climate regions (Sacks et al., 2015).
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Figure 1: Map of the general climate in Israel
*Source – based on previously published map (Yom-Tov, 1988)
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1.2.2 Climate influence on canopy management and irrigation in Israel
Knowledge of the mesoclimate, through the observation of various climate
indices, may clarify the water needs of a vineyard (Jackson, 2014).
The growing season in Israel's vineyards stretches from March to October.
Due to Israel's Mediterranean climate, with long, warm and dry summers, the
vast majority of vineyards are drip irrigated, a technology pioneered in Israel
in the 1960s (Robinson and Harding, 2015).
Irrigation is a tool that guarantees that there is an adequate amount of water
available to the vines. The correct amount of irrigation is needed to ensure
good quality of grapes (Bravdo et al., 1985). It was found that excessive
irrigation may lead to delayed sugar accumulation, lower wine quality and
decreased wine color (Bravdo et al., 1985), whereas a shortage of water
availability to the vine could arrest the process of grape ripening (Jackson,
2014).
Irrigation is a tool that not only promotes effective grape-ripening processes,
but also prevents the basal leaves from drying out and falling off, which would
expose the grape clusters to the hot sun, resulting in poor-quality, sun-burnt
grapes (Goldwasser 2015, pers. comm.). Therefore, irrigation management is
viewed by vineyard managers and winemakers in Israel as one of the most
crucial components of the vineyard management tools (Harcabi 2015, pers.
comm.).
Vineyards with low humidity values, warm temperatures, and soils with limited
water-holding capacity need larger amounts of irrigated water, compared to
vineyards in a cooler, more humid climate, and with deeper, heavier soils
7
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(Skelton, 2009). Today, most vineyard managers measure the water potential
in the vine and soil, so as to make more educated irrigation decisions
(Harcabi 2015, pers. comm).
Knowledge of the climate of a region and, more specifically, the mesoclimate
of a vineyard may clarify the irrigation needs of a vineyard and thus lead to
more educated planting decisions regarding the choice of grape variety, as
well as clone, rootstock and planting densities (Dry, 2004).
Other terroir elements, such as the soil type and the aspect of the vineyard
site, influence viticulture decisions as well. This research focuses on the
climate aspect of terroir. Other aspects of terroir are beyond its scope.

1.2.3 Wine regions in Israel
The wine regions in Israel are formed according to a geographical indication
system (GI), similar to the GI system in Australia and the American Viticulture
Area (AVA) system in the United States (Code of Wine Regulations, The
Standards Institution of Israel, 1988). In Israel, there are no regulations on the
permitted varieties for each region, nor are there any restrictions regarding
vineyard planting and growing (Sacks et al., 2015).
The Committee of Standardizations in Israel is currently in the process of
updating the map of the grape-growing regions (Lahat 2015, pers. comm.).
The current map of the regions (shown in Appendix 2), formed 60 years ago,
is not up to date with the current planting areas (Lahat 2015, pers. comm.).
This map is missing important vineyard areas such as the Golan Heights, and
8
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includes currently irrelevant areas, such as Kana, where no grapes are being
grown today (Code of Wine Regulations, The Standards Institution of Israel,
1988).
The process of updating this map should be completed in the next few years
(Lahat 2015, pers. comm.). For the purposes of this study, a more up-to-date
map, shown in Figure 2, was used to select climate stations in Israel.
Figure 2 shows a more up-to-date map of the wine regions of Israel.
Table 1 shows the percentage of total plantings in Israel's wine regions.
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Figure 2: Map of Israel wine regions
Source - Lahat, Committee of Standardizations 2015, pers. comm.
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Table 1: Wine regions and percentage of total plantings
Region

% of total plantings

Golan Heights

17.0%

Upper Galilee

19.5%

Lower Galilee

5.5%

Central Mountains

9.5%

Judean Foothills

31.0%

Coastal Plain

13.5%

Negev

4.0%

*Source – Sacks et al., 2015
.

1.3 Climatic indices used in this research
Six climate indices were employed in this study to determine whether there
are major differences among the mesoclimates of various vineyard regions in
Israel. The six climate indices selected for this purpose are described in detail
in the following section. It is important to understand that there is no single,
'one fits all' perfect index for climatic comparison. Each index refers to an
aspect of the climate that may provide information on the quality and style
possible in the region.
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1.3.1 Widely-used indices
Growing Degree Days
Growing Degree Days (GDD) is a measure of heat summation over a period
of 7 months: from April 1st to October 31st in the northern hemisphere (NH) or
October 1st to April 30th in the southern hemisphere (SH). Amerine and
Winkler (1944) defined five viticultural classifications in California, on the basis
of temperature summation above 10°C. This classification works well in
projecting some phenological stages and cultivar suitability in California, but
has limited use in other regions (Jackson, 2014). In addition, the GDD index
does not take into account the slowdown of metabolic processes at very high
temperatures (Molitor et al., 2013).
Regions, such as Israel, that are considerably warmer during the early stages
of the growing season (April-June), have higher values of GDD, although
during this stage there is less direct effect on fruit composition, since the
quality of fruit is directly affected mostly at the stage 3 of growth, following
veraison (Jones 2015, pers. comm.).
In summary, GDD is adequate for comparing sites in the same general region.
However, it is not suitable for comparing sites in different regions, especially
those with differing degrees of continentality (Smart and Gwalter, 2014).
The GDD index is applied in this research paper because of the high
frequency of its use in climate research, and also to examine the correlation
between this commonly used index and other newly proposed indices.
12
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Mean July Temperature
Mean July Temperature (MJT) is an index suggested by Prescott (1969). It is
a calculation of the mean temperature during the warmest month: July (NH) or
January (SH). MJT is a popular index due to its simplicity and its good
correlation with other popular indices, such as GDD (Dry and Coombe, 2004).
However, it ignores differences in continentality (as does the GDD index) and
thus over-estimates the ripening capacity in continental relative to maritime
climates (Smart and Gwalter, 2014).
The MJT index is applied in this research paper due to the high frequency of
its use in climate research.
1.3.2 Indices rarely used, which are proposed in other papers or
viticulture books
Cool Night Index
The Cool Night Index (CI) takes into account the mean minimum night
temperatures during the later stage of ripening: September (NH) and March
(SH) (Tonietto and Carbonneau, 2004). The objective of this index is to focus
on the potential quality of the grapes, notably in relation to secondary
metabolites (polyphenols, aromas) (Kliewer and Torres, 1972). Very high CI
values may suggest less potential for high-quality grapes, since there may be
fewer secondary metabolites formation (Kliewer and Torres, 1972). The main
purpose for using CI in this study is to analyze the range of variability among
Israel's vineyards in regards to the formation of secondary metabolites in the
grapes.
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Heat Stressfulness Index
Heat Stressfulness Index (HSI) refers to the range between the monthly mean
temperature and the monthly highest maximum temperature, averaged over
the July-September (NH) period (Gladstones, 2004). The advantage of this
index is that it takes into account the vine's acclimation to its surroundings.
Gladstones argues that a given heat load or extreme high temperatures
should be less damaging to vines that were previously and fairly continuously
exposed to non-damaging temperatures nearly as high (Gladstones, 2004).
The HSI index is used in this research in order to assess the possible
importance of acclimation of vines, by comparing HSI measurements from
vineyards in Israel with those in other wine regions analyzed in this study.
1.3.3 Indices used for the first time
Number of hours above 30°C
This is a new index, developed by the author and applied for the very first time
in the current study. It is a calculation of the sum of hours above 30°C during
the later phases of the ripening season (July1st – September 30th, NH). Grape
composition, quality and style of wine are greatly affected during this later
stage of ripening (Jackson, 2014). A high number of hours above 30°C may
suggest loss of aromatics, degradation of anthocyanin, and formation of fewer
secondary metabolites (Jackson, 2014). The value of 30°C was chosen, since
at this temperature, grapevines' metabolic processes are significantly reduced
(Downey et al., 2006).
This newly proposed index offers several advantages. First, it provides new
information regarding the possibility of decreased metabolic accumulation due
14
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to high temperatures. Second, the time frame of July- Sept. (NH) is chosen to
emphasize the timing of the growing season, which has the greatest effect on
final grape composition. Third, unlike other indices, the site's continentality is
not ignored, since it is based on an hourly summation instead of on daily
(average/max./min.) values. For these reasons, it is suggested that this index
is more suitable for comparison of different regions, as opposed to more
commonly used indices, such as the GDD index.
Number of hours of Vapor Pressure deficit above 3.5kPa
This is a new index, developed by the author, applied for the very first time in
the current study. Vapor Pressure Deficit (VPD) indicates evaporative power
and potential plant stress (Dry and Coombe, 2004). It takes into account air
temperature and relative humidity. The higher the temperature and the lower
the relative humidity, the more stressful the conditions for the vine become
(Dry and Coombe, 2004).
In Israel, during heatwaves, when the VPD has high values and the vines are
stressed, the ripening of the grapes may be damaged (Schoenfeld 2014, pers.
comm.). At the Golan Heights Winery, it was observed that after a relatively
long heat wave, including high values of VPD during night-time, the vines did
not always revert to the same ripening curve that occurred prior to the heat
wave (Schoenfeld 2014, pers. comm.).
For the purposes of this study, a high value of 3.5kPa was chosen as
indicative of high vine stress. This index, which examines data recorded on an
hourly basis, has a higher resolution than do other indices that are based on
daily or monthly recorded data.
15
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2. Review of Research Context
In this section, a review is given of literature previously published on climate
studies in viticulture and other crops in Israel, and of the influence of
temperature on grape composition.
2.1 Review of the literature on the effects of Israel's climate on crops
The current study is a first-time analysis of the climate in Israel's viticulture
regions; therefore, this section is a summary of studies on the effects of
Israel's climate on other types of crop. In the past few years, studies have
been conducted to analyze the effects of Israel's climate, especially the
effects of frost danger on several agricultural crops. Teiblum (2004) analyzed
regions in Israel intended for growing tropical and sub-tropical vegetables and
citrus fruits where there is a high risk of frost.
In addition, maps that present an analysis of the amount of evaporation in
different areas in Israel are available from the Ministry of Agriculture website
(Ministry of Agriculture, meteorological services, 2015). This analysis assists
farmers in determining the amount of irrigation needed for each crop and
region.
Furthermore, Israel's meteorological service provides basic climate analysis
for the 44 meteorological stations located in Israel. This basic analysis
includes statistics of average temperatures, humidity, radiation and
precipitation rates (Israel Meteorological Services, 2015).
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2.2 Review of the literature on climate analysis of vineyard regions outside
of Israel
In the past, climate data gathered from meteorological stations were used for
climate analysis of wine regions. The data were used to calculate different
climate indices, such as the Growing Degree Days (GDD) and Mean July
Temperature (MJT), for climate classification of the wine regions (Jackson,
2014). One example of such work is Gladstones' analysis of climate indices of
selected wine regions around the world (Gladstones, 2011). Smart and Dry
(1980) used climatic indices data to map Australian wine regions. Kenny and
Shao (1992) used a latitude-temperature index for predicting climate suitability
for grapes in Europe's wine regions. Amerine and Winkler (1944) devised the
GDD index for classifying the climate in California wine regions.
Today, most analysis is performed using spatial analysis with high-resolution
remote sensing, which enables continuous mapping of a region's climate (Hall
and Jones, 2010). Examples of such studies include the analysis of Anderson
et al. (2013) of the climate in Greece's wine regions, Hall and Jones' (2010)
analysis of the climate in Australia's wine regions, and Jones et al. (2006)
climate analysis of the western United States regions.
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2.3 Review of the literature on the effects of temperature on grapevine
phenology and grape composition.
In the next section, studies that examined the effects of temperature on grape
composition are reviewed. This review serves a dual purpose. First, it gives
information on the possible characteristics of grapes planted in a vineyard
within a particular mesoclimate. Second, it clarifies the reasons for devising
the two new indices introduced in this study, which as suggested, are more
suitable for analyzing the climate of a warm Mediterranean area.

Climate is a key component of terroir (Gladstones, 2004; Hall and Jones,
2010; van Leeuwen et al., 2004), and temperature is the most important
climate parameter affecting grapevine growth and wine quality and style
(Smart and Gwalter, 2014).
Historically, this opinion was determined by subjective judgments of quality
differences between regional wines, followed by an analysis using classic
indices such as the Growing Degree Days (GDD) index, and further
developed by correlations with phenological and compositional measures
(Coombe, 1987).
Plant growth and development, i.e., physical processes, enzyme reactions,
membrane transport reactions, and phase transitions, are influenced —either
subtly or dramatically— by temperature (Coombe, 1987). Higher temperatures
are associated with an increased rate of metabolic processes in the vine,
resulting in rapid development and metabolite accumulation. However, high
temperatures have also been shown to be associated with significantly
19
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reduced metabolic rates or complete arrest of metabolic processes (Jones,
1992). In grapevines it is thought that this threshold temperature occurs at
approximately 30°C (Downey et al., 2006).
This is the main reason for devising a new index for the current research,
which examines the number of hours above 30°C during the last phase of
ripening, rather than using a heat summation index such as the GDD index,
which does not take into account the slowdown of metabolic processes at
very high temperatures (Molitor et al., 2013).

In the next section, the known effects of temperature on the final grape
composition are summarized. This information will help elucidate the possible
influence of the mesoclimate studied herein on the final composition of the
grapes.
2.3.1 Effects of temperature on grape composition
Temperature is the most important parameter of climate that affects wine
quality and style (Smart and Gwalter, 2014). In this section, the known effects
of temperature on grape composition are reviewed, including sugar and acid
concentrations, color and aromatic profile.

Higher temperatures generally result in increased sugar levels (Jackson and
Lombard, 1993). The extent of the increase depends on the berry's stage of
growth and temperature value.
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The standard work studying the effect of temperatures on sugar accumulation
was done by Lavee (1977). Lavee showed that when temperatures were
increased over the range of 15°C to 30°C, there was a small tendency
towards an increased sugar concentration; however, at a higher temperature
(33°C), sugar concentration decreased (Lavee, 1977). This confirms the
observation that there is a limiting effect of high temperatures on the vine's
metabolism (Molitor et al., 2013). This is also confirmed by several Israeli
winemakers who reported decreased sugar levels in the 2015 vintage, due to
record-high temperatures during August and September of 2015 (Schoenfeld
2015 and Goldwasser 2015, pers. comm.).
Compared to its effect on sugar concentration, temperature has a more
pronounced impact on titratable acidity, mainly on malic acid content. With
warmer conditions, less malic acid is present. A 10-degree increase in
temperature can result in a 50% reduction of malic acid content (Coombe,
1987). These results are confirmed by Jones and Davis (2000), who found
that higher temperatures in Bordeaux wine regions resulted in higher sugar to
acid ratio.
The rise of pH in the must in warmer temperatures is further affected by an
increase of potassium content in warm condition vines. It was shown that
there is a 25% increase in potassium levels in grapes grown in warm
conditions (range of 27°C-32°C), compared to grapes grown in cooler
conditions (range of 15°C-20°C) (Coombe, 1987).
As regards anthocyanin content, the maximum content of anthocyanins in
Cabernet Sauvignon grapes was found at moderate temperatures (range of
21
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21°C-26°C), whereas content was lower than maximum at both cool
temperatures (range of 9°C-14°C) and hot temperatures (range of 33°C-38°C)
(Kliewer, 1973). Spayd et al. (2002) found the same trend with Merlot grapes.
Yamane et al. (2006) also found that anthocyanin accumulation in the grape
skins was significantly higher at 20°C than at 30°C.
It has been observed that wines produced in very hot regions in Israel, such
as the Negev Desert, may show lack of color intensity. Yaacov Oryah,
winemaker of Midbar winery in the Negev Desert, observes lack of color
intensity in red wines made from grapes sourced from the hot climate
vineyard of Mizpe Ramon, compared with red wines made from grapes
sourced from cooler climate vineyards (Oryah 2015, pers. comm.). This may
confirm Tarara's (2008) observation that at high temperatures and high
radiation (sun exposed conditions), grapes may lack color intensity. Studies
have shown that under extremely hot temperatures, vine metabolism may be
inhibited (Ramon, 2010). This leads to reduced metabolite accumulations,
which may affect wine color (Ramon, 2010).
The aroma of the wine may be the most important aspect affected by warm
temperature growing conditions (Jones, 2007). Studies have shown that at
equivalent sugar concentrations, higher temperature leads to lower aroma
levels in white varieties (Reynolds and Wardle, 1997). Similarly, a recent
sensory study conducted by Sadras et al. (2013) found that grape sensory
properties (fruity, herbaceous aromas and juiciness) decreased with elevated
temperatures during the growing season, even when all grapes were
harvested at the same maturity, as measured by Brix.
22
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Methoxypyrazines are responsible for the vegetative notes often present in
Sauvignon Blanc, Cabernet Sauvignon, and in other varieties. High
temperature and light exposure are correlated with lower methoxypyrazine
content (Ramon, 2010). Hence, warmer temperatures during the growing
season may lead to lower methoxypyrazines content in the wines.
Monoterpene content is responsible for some important fruity and tropical
aromas and may also be affected by temperature. It was found that total
monoterpene levels were higher in Sauvignon Blanc grown in Stellenbosch
during cooler growing seasons, compared to warmer growing seasons
(Marais et al., 1999).
To conclude, temperatures during the growing season have a significant
effect on the aroma and style of the wine produced.
2.3.2 Linking heat summation indices with overall quality of
wine
The empirical study of the linkage between temperatures during the growing
season and overall quality of wines has perhaps only local (regional) validity
(Soar et al., 2008); their study examined climate variables and vintage quality
(defined by Sotheby's wine encyclopedia) in four different Australian regions
and found that each region appeared to have its own optimum climate
variables. In the Barossa Valley, warm maximum temperatures (range of
28.0°C-33.9°C) were associated with high-quality vintages. In contrast, in the
Margaret River, an association between weather and quality was found only
for weather conditions prior to veraison. The results of this study illustrate the

23
© Institute of Masters of Wine 2015.

limited use of the classic heat summation indices, such as the GDD index, for
the purpose of projecting the potential quality of wine in a particular region.
Regarding the warm temperature limits, a GDD value higher than 2700°C
(higher than Winkler's Class V) is often mentioned as inadequate for highquality dry wines (Jones et al., 2006). However, in Israel, many wines
produced in growing seasons when GDD measures were higher than 2700°C
(such as the 2003 vintage) received good remarks and rankings by leading
wine writers and critics, such as Robert Parker (2008). This may be because
in the warm Mediterranean climate, temperatures during the early stages of
the growing season (April- June, northern hemisphere) are relatively warmer
than in other regions (with cooler April- June months), which leads to higher
GDD final values. Nevertheless, the effect of high temperatures during these
months on overall grape composition and final quality may be small (Jones
2015, pers. comm.).
Therefore, although temperature has an unquestionable effect on the quality
and style of the wines, it is important that its influence be examined using not
only classic indices, but also by referring to other indices, which may afford a
broader understanding of the climatic conditions of wine regions.
In this research, the use of the author's newly developed index is proposed,
which employs the hourly summation of temperatures above a high threshold
(30°C), applied during the last stage of the growing season.
This index could not have been created in the past, given that most
meteorological stations have begun recording hourly readings only in the last
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few years. Today, most stations around the world have continuous
measurements (Perl 2015, pers. comm.).

3. Methodology
3.1 Source of climate data
A ten-year climatic data record (2004-2013) is based on data gathered from
ten meteorological stations located near vineyards in Israel, and four stations
located in wine regions outside of Israel.
The regions outside of Israel (Barossa, Bordeaux, Oakville and Lodi) were
chosen according to the following criteria:
a. Regions with a meteorological station that has been providing hourly
readings of temperature and relative humidity since 2004. These
readings are needed for the calculation of the climatic indices used in
this study.
b. Regions with reputable wines made from varieties widely planted in
Israel (Cabernet Sauvignon, Merlot, Carignan or Syrah).
c. Wine regions with a moderate to warm climate.
Fulfillment of all three criteria limited the number of stations suitable for this
research. Other wine regions that were considered, such as those around the
Mediterranean Sea, were ruled out because the required data were not
available.
25
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Geographical locations and elevation of all stations are given in Table 2.
The data collected in seven Israeli stations were sourced from the Ministry of
Agricultural in Israel. The data collected in the three stations located in the
Golan Heights were sourced from the Golan Heights Winery. The data for the
California (Oakville and Lodi), Barossa (Nuriootpa) and Bordeaux (SaintEmilion) stations were sourced from the California Irrigation and Management
Information System website, the Australian Bureau of Meteorology, and the
Chateau Cheval Blanc station, respectively.
The data gathered from all the stations included air temperature and relative
humidity, readings by the hour, from 1/1/2004 until 31/12/2013.

Table 2: Geographical locations and elevation of all meteorological stations1

1

All of Israel's wine regions are represented in this study with the exception of

the Negev region, and each region is represented by at least one
meteorological station (Sacks et al, 2015). The Negev region, which holds
4% of the total vineyard plantings, was excluded because it does not meet the
first criterion (a meteorological station providing hourly readings of air
temperature and relative humidity from 1/1/2004 until 31/12/2013).
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3.2 Climatic indices: Methods of calculation
Calculations of climatic indices were compiled as shown in Table 3.
Table 3: Calculations of climate indices
Index

Period (northern
hemisphere)

Calculation

1

Growing Degree
Days (GDD)

1 April - 31 October

Sum of average
daily temperature
above 10°C

2

Mean July
Temperature
(MJT)

1 July - 31 July

Average
temperature in July*

3

Vapor Pressure
Deficit (VPD)

1 July – 30 September

ES = 6.11*10 ^
(7.5*Temp)/(Temp +
237.3)
VPD = ( 100 - Rh) *
(ES / 100)*0.1

4

Cool Night Index
(CI)

1 September – 30
September

Average minimum
temperature in
September**

5

Heat Stressfulness

1 July – 30 September

Average of the
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Index (HSI)

range between
average and highest
maximum
temperatures.
1 July – 30 September

6

Number of Hours
above 30°C
(NHT30)

7

Number of Hours
1 July – 30 September
above VPD 3.5kPa
(NHV3.5)

Sum of number of
hours above 30°C
Sum of number of
hours above 3.5kPa
VPD

* January for southern hemisphere
** March for southern hemisphere

3.3 The measurement of variability among climatic indices results
One of the objectives of this research paper was to evaluate the extent of
climate variability that exists among Israeli vineyards. The variability of the
results of the climatic indices among the different meteorological stations was
measured in applicable charts (such as in Figure 3).
The method of showing that the results among the stations differ significantly
was to give a different letter to each group of measurements (A, B, C, etc.).
Columns that share the same letter represent groups that do not differ
significantly. For example, columns marked with the letter A above the bar
indicate that measurements did not differ significantly from those shown in
columns containing the same letter (e.g., marked AB), but are significantly
different than those shown in columns that are not marked with the letter A
(e.g., marked B or BC, etc.). Thus, for example, in Figure 3, the results of the
Beit Jimal station (group A) differ significantly from those of the Ramat
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Magshimim station (group B), but do not differ significantly from the TavorKadori station (group A). The bar above each column represents the standard
deviation among the different vintages.
The statistical test used to examine the differences between the stations'
findings pertaining to the climatic indices described was Tukey-Kramer. The
different values of each vintage (2004-2013), for each station, served as
replicates. Data were analyzed via analysis of variance, and means were
separated according to the least significant difference (LSD) at p ≤ 0.05. The
software program JMP 7.0.1 (SAS Institute, Cary, NC) was used for all
statistical procedures.

4. Results and Discussion
Comparison of climate indices results among vineyard regions:
4.1 Growing Degree Days
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Figure 3: Growing Degree Days for 14 stations. The 10 Israeli stations are on the left side of the Figure,
and are blue colored. Significant differences in GDD were calculated for Israeli stations only. Columns
marked with the same letter do not differ significantly (p > 0.05).

A comparison of GDD among the 14 stations (Figure 3) shows that all four
stations outside of Israel had lower values than the Israeli stations for the
GDD index. The station with the highest value was Tavor-Kadori (3185°C,
group A), located in the Lower Galilee at an altitude of 140 meters above sea
level, which is the lowest elevation among all the Israeli stations. The
measurements from the Beit Jimal station, located at an altitude of 355 meters
above sea level, were not significantly different (group A).
The Zichron station, with an elevation of 170 meters above sea level, had
considerably lower value (2682°C, group BC), possibly due to the influence of
the Mediterranean Sea, which has a tempering effect.
The lowest values of GDD among the Israeli stations pertained to the El-Rom
station (2065°C), which at an altitude of 1020 meters above sea level is the
highest among the Israeli stations reviewed in this study. The measurements
from the El-Rom station differed significantly from all other Israel stations
(group E).
These results suggest the importance of altitude in Israeli vineyards. Overall,
there was significant variability in the GDD index among the measurements
obtained from Israeli stations.
The results also show that as regards the GDD index, the altitude of a station
is more significant than the vineyard's wine region. For example, the Golan
Heights region includes the El-Rom station (altitude 1020m) with the lowest
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GDD value (group E), but also includes Ramat Magshimim station (altitude
400m) with above average GDD values (group B). Ramat Magshimim does
not differ significantly from Zichron (Coastal Plain), Nativ Halamed H (Judean
Foothills), and Shani (Central Mountains) stations (group BC).
As mentioned in the Review of Research Context section (page 23), a GDD
value higher than 2700°C (higher than Winkler's Class V) is often mentioned
as inadequate for high-quality dry wines (Jones et al., 2006). The TavorKadori, Beit Jimal, Nativ Halamed H, Ramat Magshimim stations showed
GDD measurements higher than 2700°C. It is worth mentioning that several
highly regarded wines are made in vineyards located near these stations,
such as Chateau Golan's wines (Rogov, 2011).

4.2 Mean July Temperature
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Figure 4: Mean July Temperatures for 14 stations. The 10 Israeli stations are on the left side of the
Figure, and are blue colored. Significant differences in MJT were calculated for Israeli stations only.
Columns marked with the same letter do not differ significantly (p > 0.05).

The results of the MJT index are shown in Figure 4. These results
demonstrate the same trend as found in the results of the GDD index.
All four stations outside of Israel had lower values than the Israeli stations on
the MJT index. The El-Rom station possessed the lowest value of MJT among
the Israeli stations (22.7°C). The measurements from the El-Rom station
differed significantly from all of the other Israel stations examined (group F).
As for the GDD index, the MJT values for Tavor-Kadori station were the
highest (28.2°C, group A).
Overall, the results show an almost perfect correlation between MJT and GDD
values (R2 =0.98). In Israel's climate, the calculation of both is redundant.
Both indices give similar results.
4.3 Number of hours above 30°C (NHT30)
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Figure 5: Number of Hours above 30°C from 1 July to 30 September. Values within a column marked by
the same letter do not differ significantly (p > 0.05)

This newly proposed index, which calculates the hot conditions during the
later phases of the growing season (July1st - Sept. 30th for NH), uses the more
precise method of hourly-based measurements. The results of this index differ
from the two indices measured above (GDD and MJT).
The station with the lowest NHT30 was the El-Rom station (69 hours, group
H), located in the Golan Heights, at an altitude of 1020 meters above sea
level. This is an important result, since it was not expected that the station
with the lowest value of all 14 stations would be located in Israel. This is a
significant result, also in the sense that it shows that this newly formed index
gives additional information on the climatic conditions that occur in the regions
examined.
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A comparison of all 14 stations using this index (Figure 5) shows that the
NHT30 values in Israeli vineyards located at high altitudes (700 meters and
above) were in the same range as the values found in the wine regions
elsewhere (Matityahu – 177, group FG; Tzuba – 213, group EF; Yonatan –
298, group DE; Barossa – 222, group DEF; Lodi – 252, group DEF; Oakville –
157, group FGH). The Tavor-Kadori station shows the highest value (639
hours), significantly higher than the other stations (group A).
Overall, there is a wider variability of this index among stations compared with
the variability of GDD and MJT. In addition, there is also a wider range of
standard deviation values in all stations compared to the standard deviation in
GDD and MJT measurements, reflecting the wider vintage variability of the
results of this index.
As discussed in the Review of Research Context section, it is expected that
grapes grown in warmer stations, such as Tavor-Kadori (group A), will have
lower acidity and less anthocyanin, compared with stations with lower NHT30
values, such as the El-Rom (group H). Lior Lacser, Chief Winemaker of
Carmel Winery, and Victor Schoenfeld, Chief Winemaker of Golan Heights
Winery, confirm that grapes grown in vineyards near Tavor-Kadori (group A)
have lower acidity and less color compared to grapes sourced from vineyards
near El-Rom station (group H) (Lacser 2015, pers. comm.; Schoenfeld 2015,
pers. comm.).
The results also show that the classic indices, such as GDD, give us only
partial information about the climatic conditions of the vineyard, which might
not be adequate for comparing vineyards of different regions.
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It is suggested that this index, which is based on continuous readings of hours
above 30°C, and not just on peak or average values as the GDD and MJT
indices, is a better index for comparing vineyards of different regions.

4.4 Correlation between GDD and the number of hours above 30°C

Figure 6: Correlation between GDD and Number of Hours above 30°C.
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Based on the results of GDD and NHT30 mentioned above, the correlation
between the two indices was calculated to consider whether both should be
used to evaluate a vineyard or whether they produce similar findings. When
only the 10 Israeli stations were considered, the results suggest there is a
good correlation of the two indices (R2 = 0.75). The correlation was not as
strong (R2 = 0.63) when considering all of the stations together.
It is suggested that the correlation is not high enough to render one of the
indices redundant when evaluating a vineyard's climate. For example, it was
found that GDD values in the El-Rom station were higher than values from the
four stations outside of Israel, yet in terms of the number of hours above
30°C, the El-Rom values were the lowest.
The correlation between the two indices was measured using data pertaining
to 10 vintages from the 14 stations (hence, 140 dots on Figure 6).
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4.5 Cool Night Index
As shown in Figure 7, values of CI (i.e., the average minimum temperatures
for September -NH) for the four stations outside of Israel were significantly
lower (groups E+F) than those found in the 10 Israeli stations (groups A-D).
The higher values of Israeli vineyards (warmer September nights) may
suggest lower malic acid values and possibly a lower potential of secondary
metabolites (Kliewer and Torres, 1972). There is significant difference in CI
values between Israeli stations (groups A-D).

Figure 7: Average Minimum Temperature in September (Northern Hemisphere). Values within a column
marked by the same letter do not differ significantly (p > 0.05)
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4.6 Heat Stressfulness Index

Figure 8: Heat Stressfulness Index for the 14 stations. Values within a column marked by the same
letter do not differ significantly (p > 0.05)

Values of Heat Stressfulness Index (HSI) for all 14 stations are shown in
Figure 8. This index measures the range between the monthly mean and the
monthly highest maximum temperature, averaged over July-September (NH).
This index takes into account the vine's acclimation to its surroundings: the
higher the value of HSI, the less acclimated the vine is to temperature
extremes. The results show that values in all 10 Israeli stations (groups C-F)
were lower and significantly different than values obtained from the four
stations outside of Israel (groups A+B). The results suggest that vines in Israel
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may be more acclimatized to extreme conditions than vines located in the four
compared regions. It is known that extreme heat conditions can cause
damage to the vines' vessels, which in turn has a negative effect on the
ripening process and results in lower levels of sugar and secondary
metabolites (Netzer 2014, pers. comm.). The findings suggest that Israeli
vines may be less damaged by an extreme heat load.
The Zichron station significantly differed from all other stations (group F),
possibly due to its proximity to the Mediterranean Sea, which exerts a
tempering effect on the climatic conditions. More research is needed to
understand the significance of this recently proposed index.

4.7 Number of Hours of Vapor Pressure Deficit above 3.5kPa (NHV3.5)

Figure 9: Hours above VPD 3.5kPa for the 14 stations. Values within a column marked by the same
letter do not differ significantly (p > 0.05)
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This index takes into account both the air temperature and the relative
humidity. It gives an indication of the degree to which the vine is stressed.
Higher values of VPD suggest greater stress on the vine.
The values shown in Figure 9 indicate the number of hours above 3.5kPa
(NHV3.5) during the later phases of the growing season. These results show
that the Zichron station had the lowest values (8 hours, group F), which were
significantly different from findings obtained at the other stations, whereas
Barossa had the highest values (192 hours, group A). Although Zichron is one
of the warmest stations in Israel, with high values of GDD, MJT, and NHT30, it
features the least stressful conditions as measured by VPD values, due to its
high relative humidity values. Zichron is the station nearest to the
Mediterranean Sea.
The results suggest that the distance from the sea may have a major effect on
stress of the vines. In addition, the Shani station had the highest values in
Israel (108 hours, group B), due to its dry conditions. Shani station is located
near the Negev Desert and the results suggest the vines near the station are
grown under the most stressful climatic conditions.
Overall, the values recorded in the Israeli stations were not higher than those
found in the four stations with which they were compared. Israel's
Mediterranean climate features comparatively high relative humidity values in
its main viticultural regions, which moderates the stress on the vines
suggested by the high values of heat load. VPD is an easy index to calculate
(Table 3) as it requires only air temperature and relative humidity readings. It
can serve as a worthy tool for comparing wine regions, and it helps further our
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understanding of the climatic conditions and their potential stress on the
vines.
High stress on the vines with the higher VPD values suggests a greater
amount of water is needed for the vine to maintain proper ripeness
metabolism (Dry and Coombe, 2004). This may mean higher irrigation needs
for vineyards with high values of this index, but it also depends on the waterholding capacity of the soil and on the availability of non-irrigated water to the
vineyard, from precipitation and water tables in the subsoil.

4.8 Correlation between GDD and the Hours above VPD 3.5kPa

3.5

Figure 10: Correlation between GDD and Number of Hours above VPD 3.5kPa (NHV ).
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Figure 10 shows there is no correlation between the GDD and the NHV3.5
indices, with R2 values close to zero. The results show the importance of
measuring an index that takes into account relative humidity, such as VPD,
when evaluating climatic conditions of a vineyard. Such an index provides an
understanding of the conditions that may be potentially stressful for the vines.
The correlation between the two indices was measured using data pertaining
to 10 vintages from the 14 stations (hence, 140 dots on Figure 10).

4.9 Correlation between altitude and Growing Degree Days
Altitude is an important attribute of a vineyard in the warm conditions of Israel,
as shown in the analysis of the different indices. The correlation between the
altitudes of the 10 Israel stations and their respective GDD values is shown in
Figure 11.

Figure 11: Correlation between altitude and GDD for the 10 Israeli stations.
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The results indicate a good correlation between the values (R2 = 0.67), which
suggests the importance of high altitudes in Israeli vineyards in regards to
heat load. The higher the station's altitude, the greater is the possibility of
lower GDD and NHT30 values (as shown above the correlation between the
two indices). Higher altitudes in Israeli vineyards suggest a cooler climate, but
not necessarily lower stress on the vines (lower VPD values), as illustrated by
the poor correlation between the VPD and GDD indices.
The correlation between the two indices was measured using the altitude data
and GDD values obtained from the 10 Israeli stations. The GDD of a station is
the average of GDD values obtained from the 10 vintages referred to in this
research (2004-2013).
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4.10 Map of Israeli stations with the results of the climate indices analyzed.

44
© Institute of Masters of Wine 2015.

45
© Institute of Masters of Wine 2015.

Part II – A Comparison of Grape Varieties Grown in
Homoclimes
5. Introduction and Background
The first part of the research paper examined the mesoclimates of important
vineyards in Israel. Climate, as the prominent constituent of terroir, is an
important consideration when deciding on grape varieties appropriate for
planting in a certain region (Jackson, 2014). In cool climates, only varieties
that can reach proper ripeness should be considered. In warm climates, all
varieties can reach ripeness (as measured by Brix°), but some varieties may
be more suitable than others for making higher quality wines, showing varietal
character and complexity (Jones, 2007).
The climate analysis of Israel's vineyard regions presented in the first section
of this study enabled the analysis presented in the second section of this
study: a comparison of grape varieties grown in wine regions with similar
climate attributes to that of Israel's (homoclimes).
The analysis of the variability that exists among the ten meteorological
stations, presented in Part I, assisted in the selection of one station to be used
in the homoclime search, described here in Part II.
5.1 Objective of Part II
The objective of the grape comparison section in Part II is to examine which
are the important grape varieties grown in regions which have a climate
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similar to Israel's, but which have also the advantage of a longer and
continuous historical evolution of grape growing.
This may shed light on the question of which grape varieties could best match
Israel's climate. The results of the grape varieties comparison are expected to
provide Israeli winemakers with useful information on the grape varieties
appropriate for future trials.

5.2 Varieties planted in Israel – A historical perspective
Although Israel has a long winemaking history going back thousands of years,
it is not a continuous one. Nowadays, it is not known which grape varieties
were grown in Israel during ancient times. In addition, Israel does not have its
own indigenous wine grape varieties (Sacks et al., 2015), though in the past
few years, there have been attempts to produce wines from indigenous table
grapes, such as the local Marawi variety, that have been grown in Israel for
many centuries (Gleitman, 2015).
The modern history of the wine industry in Israel began in the late 19 th
century, when Baron Edmond de Rothschild (then owner of Chateau Lafite)
sent French horticulturists to survey potential agricultural activities that could
support the Jewish settlements in the barren land (Ravid, 2013). The
commission recommended planting vineyards. In 1884, the first experimental
vineyards were planted with varieties from the South of France, considered
suitable for Israel's climate (Ravid, 2013). The main varieties were Alicante
Bouche, Grenache, Carignan, Esparte (Mourvedre) and Cinsault (Ravid,
2013).
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At that time, Rothschild also sent cuttings of Cabernet Sauvignon, Cabernet
Franc and Malbec in order to make Bordeaux-style wines. Semillon and
Sauvignon Blanc were the white varieties planted (Ravid, 2013). Rothschild
insisted on planting Bordeaux varieties, contrary to the horticulturists' opinion,
because he thought that with Bordeaux varieties, finer wine could be
produced (Montefiore 2015, pers. comm.).
The planting of Bordeaux varieties did not yield successful results for two
reasons. Firstly, farmers, who got paid by the weight of yield, complained
about the low yield of these varieties. Second, the demand for more
expensive wine was low (Montefiore 2015, pers. comm.). Eventually, in 1905,
the Bordeaux varieties were uprooted, due to a decision to focus on higher
yielding varieties (Ravid, 2013). The Bordeaux varieties regained their
popularity only in the 1980s (statistics are given in Table 4).
During the mid-20th century, the focus of plantings was on varieties producing
high yield. Varieties such as Ugni Blanc, Semillon, Alicante Bouchet and
Carignan were a popular choice of plantings in the deep soil plains of lower
altitude vineyards (Sacks et al., 2015).
In the 1980s and 1990s a new era of planting occurred in Israel, mainly in the
higher altitude vineyards of the Golan Heights and Upper Galilee, destined for
high-quality wines (Sacks et al., 2015). According to Shimshon Welner, the
General Manager of the Golan Heights Winery from 1980 to 1992, the two
main varieties that in the 1980s were considered by their California- based
consultants, to have the highest potential for producing high-quality wines
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were Cabernet Sauvignon for red wines and Sauvignon Blanc for whites
(Welner 2015, pers. comm.).
Today, the opinion that Cabernet Sauvignon has the highest potential for
producing high-quality red wines is shifting. Lior Lacser, the Chief Winemaker
of Carmel, the largest winery in Israel today, regards Syrah as having greater
potential in Israel's climate to produce wines with more varietal character and
less variation in quality, compared to Cabernet Sauvignon (Lacser 2015, pers.
comm.). Dr. Richard Smart, who has vast experience in growing grapes from
several wine regions with different climates, also believes Syrah has the
greatest potential to produce a wine of distinct quality in Israel (Smart and
Gwalter, 2014).
As for the white wines, Sauvignon Blanc, together with Chardonnay, are still
viewed by influential critics as the grapes that produce the highest quality
wine (Rogov, 2011). Today, the majority of the more expensive white wines in
Israel are produced from these two varieties (Montefiore 2015, pers. comm.).
The tables below show the main red and white varieties harvested from 1974
until 2014. During this time, the popularity of Carignan decreased and its yield
was reduced by 56%. Cabernet Sauvignon, which in 1974 yielded a harvest of
302 tons, increased in popularity and became the most-extensively planted
variety (with the highest total yield - 11,451 tons) in 2014. It is interesting to
note that Syrah was first planted very recently, only 18 years ago.
Concerning white varieties during this period, Semillon's yield was decreased
by 96% and French Colombard, Chardonnay and Sauvignon Blanc became
important varieties, the latter two mostly in the high altitude vineyards
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destined for high-quality wines (Sacks et al., 2015). According to Israel Flam,
the Chief Winemaker of Carmel 1992-2005, Semillon in the 1960s and 1970s
was mainly used for the production of "Carmel Hock", a semi-dry low-cost
white wine often consumed with soda water (Flam 2015, pers. comm.).
Hence, Semillon was grown for high yield production (30 to 40 tons per
hectare). According to Flam, the consumer preference for more aromatic
white wines was the reason for planting Emerald Riesling, an aromatic white
variety that is capable of producing a yield as high as that of Semillon (Flam
2015, pers. comm.). French Colombard, which was mostly planted in the
1980s and is used for the production of low-cost wines, is still a dominant
variety today due to its ability to retain acidity at very high yields (Flam 2015,
pers. comm.).
In the 1980s and 1990s, Sauvignon Blanc was considered the most
appropriate grape variety for the production of high-quality dry white wine
(Welner 2015, pers. comm.). It lost its dominance over the production of 'highquality' wines, to plantings of Chardonnay, which became popular in the late
1990s, as a part of a global trend for planting Chardonnay during this period
(Robinson and Harding, 2015).
Table 4: Top five red varieties harvested from 1974-2014* (in tons)
Year/

Carignan

Cabernet
Merlot
Sauvignon

Petite
Sirah

Syrah

1974

23,340

302

0

0

0

1986

13,966

1,454

0

1,925

0

1996

12,143

2,024

1,021

906

0

Variety
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2006

10,589

7,367

7,147

815

1,676

2014

10,408

11,451

7,999

1,375

4,126

*Sources – The Israeli Wine Board 2014 vintage report. The Wine Route of
Israel (Sacks et al., 2015).

Table 5: Top five white varieties harvested from 1974-2014* (in tons)
Year/

French

Emerald

Chardonnay Sauvignon Semillon

Variety

Colombard Riesling

1974

169

0

0

434

5,232

1986

4,007

1,531

19

658

2,099

1996

4,467

2,171

716

2,479

1,430

2006

3,091

2,441

1,763

1,798

439

2014

2,457

1,204

1,797

1,329

222

Blanc

*Sources – The Israeli Wine Board 2014 vintage report. The Wine Route of
Israel (Sacks et al., 2015).
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6. Methodology
6.1 Methodology for finding homoclimes
The first step for the comparison of grape varieties grown in homoclimes was
to find regions around the world with similar climates to that of Israel
(homoclimes). The homoclime search was performed by Dr. Richard Smart,
who was the first to propose the method of homoclime search as an analytic
method. Dr. Richard Smart possesses climatic data of 800 stations around the
world, required for the search (Smart and Gwalter, 2014). The 800
meteorological stations cover all wine regions of the world (Smart and
Gwalter, 2014).
Full disclosure regarding the homoclime study is given in Appendix 3.
The homoclime study is attached in Appendix 4.

6.2 The homoclime study temperature index
In the homoclime search method, a temperature index referring to the
average minimum and maximum monthly temperatures during the year was
used, an index optimal for a homoclime search (Smart and Gwalter, 2014).
The results of this index for the ten Israeli stations are shown in Figures 12
and 13 in the Results and Discussion section (pages 53 and 54).
This index has a very high correlation with indices used in Part I of this study,
such as the Growing Degree Days (GDD) and Mean July Temperature (MJT)
(Smart 2015, pers. comm.). This correlation is demonstrated in the results of
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the current study (R2 = 0.94, R2=0.88 respectively). Figures showing this
correlation can be found in Appendix 1.
6.3 Comparison of grape varieties in homoclime regions
The Tzuba station was selected to represent Israel's climate in the homoclime
study (more details in the Results and Discussion section). The search for
meteorological stations that are characterized by a climate similar to Tzuba's
resulted in stations located in two important wine regions, Nederburg, Paarl,
South Africa and the Swan Valley, Western Australia. Grape variety statistics
pertaining to Israel's total grape harvest were compared with those pertaining
to the two regions.
Vintage statistics regarding grape varieties in Israel were sourced from the
Israel Wine Board 2013 vintage report. For Western Australia's Swan Valley
region, the data were sourced from the Australian Grape and Wine Authority
"Winegrape Production and Crush Data for 2014 Vintage". For the Paarl
region, Nederburg meteorological station, the data were sourced from the
South Africa Wine Industry Information Systems database for the 2013 total
area plantations. For all three regions, the top five grape varieties were
considered and compared.
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7. Results and Discussion
In this section, the results of the homoclime index pertaining to the ten Israeli
stations examined in Part I are shown to illustrate the reasons for selecting
the Tzuba station to represent Israel's climate in the homoclime study. Then,
the results of the homoclime search, finding Tzuba's two homoclime regions,
are shown. Finally, the comparison of grape varieties grown in the homoclime
regions is presented and discussed.

7.1 Results of the homoclime temperature index among the Israeli stations
The results of the homoclime index are shown below in Figures 12 +13.
Figure 12: Homoclime Index - Monthly Maximum Temperatures

Figure 12: Monthly average maximum temperatures for the ten Israeli stations. Tzuba station is shown
in black.
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Figure 13: Homoclime Index - Monthly Minimum Temperatures

Figure 13: Monthly average minimum temperatures for the ten Israeli stations. Tzuba station is shown in
black.

7.2 The selection of Tzuba station to represent Israel's climate
A homoclime study is done for a single data set; therefore, one station had to
be chosen out of the ten Israeli stations analyzed in Part I.
The Tzuba station was selected from among the ten Israeli stations, due to
the findings on the index used for the homoclime study, which revealed values
that were closest to the average values of the ten Israeli stations used in Part
I, as can be seen in Figures 12 and 13.
The results of the analysis in Part I also show that the Tzuba station has
values close to the average values of most of the other climate indices (GDD,
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MJT, CI, HSI). Therefore, the analysis in Part I assisted in choosing a station
that represents the average values of the climate in Israel.
7.3 Results of Tzuba's homoclime regions
The search for meteorological stations that feature a climate similar to Tzuba's
resulted in stations located in two wine regions, Nederburg, Paarl, South
Africa and the Swan Valley, Western Australia.
Figure 14 shows the two temperature homoclime matches with Tzuba station:
Swan Valley and Nederburg.

Figure 14: Average Maximum (left) and Minimum (right) temperatures for 12 months in the homoclimes
of Tzuba, Israel; Nederburg, South Africa; and Swan Valley, Western Australia.
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7.4 The comparison of varieties grown in homoclimes
Following the finding of Tzuba's two homoclime stations, the five most
important grape varieties of each region were compared.
Table 6 shows the top five grape varieties according to the percentage of the
total production in each of the homoclime regions.

Table 6: Top five grape varieties produced in all three homoclime regions.
Region

Variety 1

Variety 2

Variety 3

Variety 4

Variety 5

Israel (Tzuba)

Cabernet

Carignan

Merlot

Syrah

French

(production

Sauvignon (18%)

(13%)

(6%)

Colombard

percentage)1

(20%)

Swan Valley

Chenin

Verdelho

Chardonnay Shiraz

Cabernet

(planting area

Blanc

(21%)

(13%)

(Syrah)

Sauvignon

percentage) 2

(24%)

(11%)

(10%)

Paarl (Nederburg)

Chenin

Cabernet

(planting area

Blanc

Sauvignon

percentage)3

(24%)

(15%)

(4%)

Syrah(15%)

Pinotage Chardonnay
(9%)

(6%)

Note 1 – 2013 data
Note 2 – 2014 data
Note 3 – 2013 data.
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Results show that Chenin Blanc is the grape variety most planted in both
homoclime regions with 24% of the vines planted in the Swan Valley, Western
Australia and 24% of the vines planted in Paarl, South Africa. Chenin Blanc is
a minor grape in Israel (0.4% of the total tonnage harvested in 2013), but the
limited quantity of wines made from this variety show good quality and
promise (Montefiore 2015, pers. comm.).
Chenin Blanc is a versatile grape variety, grown in both cool and warm
climates, capable of producing some of the finest white wines in the world, dry
and sweet, but also producing simple bland white wines (Robinson and
Harding, 2015). In the two homoclime regions identified in this study, Paarl
and Swan Valley, Chenin Blanc is viewed as a grape variety with the potential
for making high-quality wines. Johann Fourie, Chief Winemaker of KWV,
argues that Chenin Blanc is the best quality white grape in Paarl (Fourie 2015,
pers. comm.). To support his observation, Fourie mentions the Chenin Blanc
Challenge event held there, which promotes the variety's success in the
region. In addition, 2013 planting statistics obtained from the South Africa
Wine Information & Systems database (2013) show that there is continuous
confidence in the potential success of Chenin Blanc, as 51% of the total
Chenin Blanc vines in Paarl are less than 10 years old (Smith 2015, pers.
comm.). Regarding the wines in the Swan Valley, Duncan Harris, winemaker
of Harris Organic Wines, noted that compared to other white grape varieties in
the region, Chenin Blanc wines are of higher quality (Harris 2015, pers.
comm.).
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In the last few years, distinctive wines are being produced from Chenin Blanc
in other warm-climate wine regions. For example, in South Africa, the country
with the greatest amounts of Chenin Blanc planted (Robinson and Harding,
2015), it is used mostly for making simple high-volume wine. The Chenin
Blanc grape is especially suited for producing simple high-volume wine, since
it has the advantage of retaining acidity at high yields (Sadan 2015, pers.
comm.). However, it is also used for the production of highly-regarded wines,
such as those produced by the Swartland Independent Producers wineries
(Atkin, 2013). The Swartland region in South Africa, has a warmer climate
than Paarl (Atkin, 2013), and Chenin Blanc is one of the most successful
white varieties planted there (Mullineux 2015, pers. comm.).
The marketability of Chenin Blanc as a varietal wine in Israel has not been
tested widely, since nowadays there are only a few wines that are labeled as
such. However, "Chenin Blanc" wines that are available from wineries such as
Shvo, Sea Horse and Matar are some of the most expensive white wines on
the Israeli market, and receive high rankings by wine critics (Montefiore 2015,
pers. comm.; Johnson, 2015)
Cabernet Sauvignon, which is significant in Israel (20% of the total tonnage
harvested in 2013), is less significant in the two homoclime regions identified
(15% and 10%).
According to this analysis, it is worthwhile for Syrah plantings to continue to
be increased in Israel, since both homoclime regions have a higher proportion
of it planted. Again, the quality of Syrah wines made in Israel (6% of the total
tonnage harvested in 2013) shows great promise, resulting in some of the
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highest-ranking wines of Israel. For example, Carmel's Shiraz 2006 vintage
was awarded the International Trophy of the Decanter World Wine Awards in
2010 (Lechmere, 2010).
In 2003, the Golan Heights Winery was the first winery to market a varietal
Syrah wine. Arnon Harel, Marketing Director of the winery, comments that
consumer acceptance of varietal Syrah in Israel is slow but growing, mainly
due to the strong existing brands of "Cabernet Sauvignon" and "Merlot" in the
Israeli market (Harel 2015, pers. comm.).
The homoclime analysis was done for the Tzuba station, located in the
Central Mountains region, with an elevation of 715 meters above sea level.
Tzuba's results in the homoclime index are close to the average of results of
the ten Israeli stations. Given that this research found a considerable
variability in most indices measured, it could be concluded that additional
homoclime analyses should be conducted. This is especially advisable for
stations showing significantly different results than those of the Tzuba station
on the various indices, such as the El-Rom station, as their homoclime
analyses may render different "optimal" varieties to be considered. In the
future, more thought should be given to matching the grape variety planted to
the known terroir aspects of the vineyard.
It is worth noting that currently, the basis for conducting homoclime analysis is
the monthly minimum and maximum temperatures. This index has been the
most suitable for use, given the knowledge and data available, which are
usually based on long-term climate measurements obtained over a minimum
of 30 years (Smart and Gwalter, 2014). However, this index might not be the
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"perfect" measurement for homoclime analysis. In the future, it may be
possible to perform a homoclime analysis with other tools or indices, such as
the new indices proposed in the current study.
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8. Conclusions

Mesoclimates of important vineyard regions in Israel were examined for the
first time using different climate indices. Significant variability was found
among the Israeli vineyards for certain climate variables pertaining to some of
the indices examined.
The station that possessed the lowest values of the indices (lowest heat load)
was the El-Rom station, located in the northern part of the Golan Heights wine
region, and it is the station situated at the highest altitude among all Israeli
stations included in this study. Furthermore, it was also found that the station
with the highest heat load was Tavor-Kadori, which is located in the Lower
Galilee wine region and it is the station situated at the lowest altitude among
the Israeli stations. This research shows a correlation between altitude and
heat load (GDD). High elevation stations had lower heat load (R2=0.67). The
results suggest that the altitude of the station is a more significant factor than
the station's wine region location in regards to the heat load of a station.
The prediction that vineyards located near stations with lower values on
temperature-based indices (i.e., cooler sites) would have increased grape
anthocyanin concentrations and higher grape acidity values, compared with
vineyards near warmer stations, was confirmed by winemakers who grow
grapes in vineyards near both warm and cool stations.
Although results of classic indices, such as the GDD, suggest Israel's climate
may be too warm for growing wine grapes, the results from other indices
applied herein, such as the NHT30 index during the late growing season, show
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that some Israeli vineyards, mainly at high elevations, possess attributes
similar to those of wine regions outside of Israel, namely, Saint-Emilion, Napa
and Barossa. The vineyards in these regions produce well-regarded wines
from grape varieties that are currently the most commonly planted in Israel.
Newly formed indices that utilize hourly readings of temperature and relative
humidity provided additional information about the mesoclimates, resulting in
a broader understanding of the local terroir and its possible effects on the
quality and style of the wines produced. These two new indices introduce an
additional dimension, time, into climate analysis. Classical climate indices use
average/maximum/minimum values, which disregard the timeframe that these
values present. In the past, it was not possible to analyze climate through
such indices, because continuous temperature readings were not available.
Today, most meteorological stations worldwide provide hourly data; therefore,
it is possible to have a wider understanding of the climatic conditions through
these or similar newly formed indices.
In the past few years, an ever-increasing amount of research has examined
the implications of global warming for the quality and style of wine produced
around the world. Typically, classic indices, such as the GDD and MJT have
been utilized for the analysis of regional climatic conditions. It is suggested in
the current study that indices such as the NHT30 index may provide additional
and essential information about the climatic conditions in certain regions, and
should be used in such research. It is also suggested that these new indices
are more suitable for analyses pertaining to warm Mediterranean climates,
and for comparing climates in different regions. In addition, it is suggested that
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the knowledge of the index values of NHV3.5 of a vineyard may assist in
predicting its irrigation needs, taking into account the non-irrigated sources,
from precipitation and water tables in the subsoil.
The research also provides information on the grape varieties grown in
regions with similar climatic conditions. This data could be used in future
planting decisions. Whereas the emphasis in Israel is currently on Cabernet
Sauvignon (20%), the paucity of Chenin Blanc (only 0.4%) is made evident by
the comparison with the homoclime regions analyzed in this research.
Marketing and cultural aspects must be included in the process of deciding
which varieties to plant. Syrah, which was first planted in Israel only 18 years
ago and now yields 6% of the total production in Israel, at first experienced a
slow demand by the consumer, mainly due to the strong brands of Bordeaux
varieties. Introducing a new variety into the market is a slow process that
wineries should take into account when deciding which variety to plant.
The temperature index used for the homoclime search is the index currently
available for such a search within the 800 meteorological stations database.
This study suggests that other indices, such as the NHT30 index, may be
better suited for a homoclime search. To date, there are not enough long-term
and continuous temperature readings available, which are required for climate
comparison. In the future, such data will be available and consequently,
better-matched homoclimes may be found, leading to different results in the
comparison of homoclimes' grape varieties.
The modern history of Israel's wine industry is young, lacking research papers
studying the local terroir. This study is a first step in learning about the
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conditions in Israel's wine regions. The information gathered from this study
enhances our understanding of Israel's terroir. Future studies could be done
using similar methods to study other aspects of terroir, such as the soil
structure in Israeli vineyards.

66
© Institute of Masters of Wine 2015.

References
Amerine, M.A., Winkler, A.T. (1944). Composition and quality of musts and
wines of California grapes. Hilgardia, University of California.
15:493- 673.
Anderson, J., Dimou, P., Jones, G.V., Kalivas, D., Koufos, G., Mavromatis, T.,
Koundouras, S., Fyllas, N.M., (2013). Harvest dates, climate, and
viticultural region zoning in Greece. Proceedings of the 10th International
terroir congress, 7-10 July, 2014, Tokaj, Hungary. Vol. 2: 55-60.
Atkin, T. (2013). The Swartland revolution. Accessed 22 Nov. 2015.
<https:// timatkin.com/articles?1038>
Australian Grape and Wine Authority (2014). Winegrape production and crush
data. Available from <https://wineaustralia.com/en/winefacts>.
Accessed 3 Oct. 2015.
Bravdo, B., Hepner, Y., Loinger, C., Cohen, S., Tabacman, H. (1985). Effect
of irrigation and crop level on growth, yield and wine quality of
Cabernet Sauvignon. Am. J. Enol. Vitic. 36:125-139.
Chapin Metz, H. (1988). Israel: A country study. Accessed 19 Oct. 2015.
<http://countrystudies.us/Israel/36.htm>
Code of Wine Regulations (1988). Code 1318, The Standards Institution of
Israel. Accessed 25 Oct. 2015. <https://portal.sii.org.il>

67
© Institute of Masters of Wine 2015.

Coombe, B.G. (1987) Influence of temperature on composition and quality of
grapes. Acta Horticulture. 206, 23-35.
Downey, D.O., Dokoozlian, N.K., Krstic, M.P. (2006). Cultural practice and
environmental Impacts on the flavonoid composition of grapes and
wine: a review of recent research. Am. J. Enol. Vitic. 57:3 257-270.
Dry, P.R., Coombe, B.G. (2004). Viticulture Vol. 1 – Resources. Second ed.
Winetitles, Adelaide.
Flam, I. (2015). Chief Winemaker, Carmel Winery 1992-2005. Israel.
Fourie, J. (2015). Chief Winemaker, KWV, Paarl, South Africa.
Gladstones, J. (2004). Climate and Australian viticulture. In 'Viticulture vol, 1 –
Resources', second edition, ed. P.R. Dry and B.G. Coombe, 90-118.
Winetitles, Adelaide.
Gladstones, J.S. (2011). Wine, Terroir and Climate Change. Wakefield Press.
Gleitman, I. (2015). Will an ancient grape revolutionize Israel's wine industry.
Haaretz. accessed 1 November 2015.
<http://www.haaretz.com/jewish/food/1.682336>
Goldwasser, E. (2015). Chief Winemaker, Yatir Winery. Israel.
Hall, A., Jones, G.V., (2010). Spatial analysis of climate in winegrape-growing
regions in Australia. Aus. J. of Grape and Wine research 16, 389-404.
Harcabi, E. (2015). Viticulture extension specialist, Department of Agriculture,
Israel.
Harel, A. (2015). Marketing Director, Golan Heights Winery, Israel.
68
© Institute of Masters of Wine 2015.

Harris, D. (2015). Winemaker, Harris Organic Wines, Swan Valley, Australia.
Israel Meteorological Service (2015). Available from:
<http://ims.gov.il/ims/climate/LongTermInfo>. Accessed 19 Nov. 2015.
Israel Wine Board Vintage Report (2013). Available from:
<http://wineboard.co.il/?catagoryID=219>. Accessed 02 Feb. 2015.
Israel Wine Board Vintage Report (2014). Available from:
<http://wineboard.co.il/?catagoryID=224>. Accessed 12 Oct. 2015.
Jackson, D.I., Lombard, P.B. (1993). Environmental and Management
practices affecting grape composition and wine quality – a review. Am.
J. Enol. Vitic., Vol 44, No. 4: 409-417.
Jackson, R.S. (2014). Wine Science, Principles and Applications. 4th Edition.
Academic Press.
Johnson, H., (2015). Hugh Johnson's pocket wine book 2016. Mitchell
Beazley Publishing.
Jones, H.G. (1992). Plants and Microclimate. A quantitative approach to
environmental plant physiology. Cambridge University Press,
Cambridge, UK.
Jones, G.V., Davis, D.E., (2000). Climate influence on grapevine phenology,
grape composition, and wine production and quality for Bordeaux,
France. Am. J. Enol. Vitic., Vol. 51, No. 3:249-261.
Jones, G.V., Duff, A.A., Hall. A., Myers, J.W. (2006). Spatial analysis of
climate in winegrape growing regions in the Western United States.
Am. J. Enol. Vitic. 61:3. 313-325.
69
© Institute of Masters of Wine 2015.

Jones, G.V. (2007). Climate change: observations, projections, and general
implications for viticulture and wine production. Proceedings of Clim.
And Vitic. Congress, OIV, Zaragoza, Spain. Apr. 2007.
Jones, G.V. (2015). Director of the Division of Business, Communication and
the Environment and a professor and research climatologist in the
Environmental Science and Policy Program at Southern Oregon
University.
Kenny, G.J., Shao, J. (1992). An assessment of a latitude-temperature index
for predicting climate suitability for grapes in Europe. J. Hortic. Sci.
67(2):239-246.
Kliewer, W.M., Torres, R.E., (1972). Effect of controlled day and night
temperatures on grape coloration. Am. J. Enol. Vitic. 2, 71-77.
Kliewer, W.M., (1973). Berry composition of Vitis Vinifera cultivars as
influenced by photo- and nycto-temperatures during maturation. J.
Amer. Soc. Hortic. Sci. 98: 153-159.
Lacser, L., (2015). Chief Winemaker, Carmel Winery, Israel.
Lahat, I., (2015). Member of the Committee of Standardization, Wine
Regulations, Israel.
Lavee, S. (1977). The response of vine growth and bunch development to
elevated winter, spring and summer day temperatures. OIV
Symposium Proc. 'Quality of the Vintage'. Oenol. and Vitic. Res. Inst.,
Cape Town. 209-226.

70
© Institute of Masters of Wine 2015.

Lechmere, A. (2010). Galilean winery in rhone triumph. Decanter magazine.
Accessed 7 Dec. 2015. <http://www.decanter.com/wine-news/galileanwinery-in-rhone-triumph-50925/>
Marais J., Hunter J.J., Haasbroek P.D. (1999). Effect of canopy microclimate,
season and region on Sauvignon Blanc grape composition and wine
quality. S. Afr. J. Enol. Vitic., Vol. 20, No. 1: 19- 25.
Ministry of Agriculture, Meteorological Services (2015). Available from:
<http://meteo.co.il> Accessed 12 Nov. 2015.
Molitor, D., Junk, J., Evers, D., Hoffmann, L., Beyer, M. (2013). A highresolution cumulative degree day-based model to simulate
phenological development of grapevine. Am. J. Enol. Vitic. 65:72-80.
Montefiore, A. (2015). Marketing Manager, Carmel Winery. Israel.
Mullineux, A. (2015). Winemaker, Mullineux & Leeu Family Wines. Swartland,
South Africa.
Netzer, Y. (2015). Faculty of Agriculture, University of Ariel. Israel.
Oryah, Y., (2015). Winemaker, Midbar Winery. Israel.
Parker, R. (2008). Parker's wine buyer's guide. 7th ed. Simon and Schuster
Publishing.
Perl, M. (2015). Head of Agro-meteorology department, Ministry of
Agriculture, Israel.
Prescott, J.A. (1969) A comparison of France and Australia on the basis of the
warmest month. Trans. Roy. Soc. South Aus. 93, 7-15.

71
© Institute of Masters of Wine 2015.

Ramon, M.O. (2010). Climate change associated effects on grape and wine
quality and production. Food Research International 43. 1844-1855.
Ravid, A. (2013). A history of grapes in Israel 1848-2008. Wines-Israel, Israel
Preker. accessed 26 May 2015. <http://winesisrael.com/en/157/ahistory-of-grape-varieties-in-israel-1948-2008/>
Reynolds. A.G., Wardle, D.A., (1997). Flavour development in the vineyard:
Impact of viticultural practices on grape monoterpenes and their
relationship to wine sensory response. S. Afr. J. Enol. Vitic., Vol. 18,
No.1:3-17.
Robinson, J., Harding, J. (2015). The oxford companion to wine. 4th Ed.
Oxford University Press.
Rogov, D. (2011). The ultimate Rogov's guide to Israeli wine. 8th Ed. The Toby
Press publishing.
Sacks, E., Goldfisher, Y., Montefiore, A. (2015). The wine route of Israel. 4th
ed. Cordinata Publishing House.
Sadan, G. (2015). Winemaker and owner, Shvo Vineyards, Israel.
Sadras, V.O., Moran, M.A., Bonada. M. (2013). Effects of elevated
temperature in grapevine. I. Berry sensory traits. Aust. J. Grape Wine
Res. 19:95-106.
Schoenfeld, V. (2014). Chief Winemaker, Golan Heights Winery. Israel.
Schoenfeld, V. (2015). Chief Winemaker, Golan Heights Winery. Israel.
Skelton, S. (2009). Viticulture. An introduction to commercial grape growing
for wine production. Lulu publishing.
72
© Institute of Masters of Wine 2015.

South Africa Wine Information and Systems (2013). Available from:
<http://sawis.co.za/info/statistic.php>. Accessed 03 Apr. 2015.
Smart R. E., Gwalter J. (2014) Homoclime Study for Tzuba Israel.
Smart, R.E., Dry, P. (1980). A climatic classification for Australian viticultural
regions. Aust. Grapegr. Winemaker 17:8-16.
Smart, R.E. (2015). Viticulture consultant, Newstead, Tasmania.
Smith, I. (2015). Manager, Chenin Blanc Association, South Africa.
Soar, C.J., Sadras, V.O., Petrie, P.R. (2008). Climate drivers of red wine
quality in four contrasting Australian wine regions. Aus. J. of Grape and
Wine research 14, 78-90.
Spayd, S.E., Tarara, J.M., Mee, D.L., Ferguson, J.C. (2002). Separation of
sunlight and temperature effects on the composition of Vitis vinifera cv.
Merlot berries. Am. J. Enol. Vitic. 53:171-181.
Tarara, J.M., Lee, J., Spayd, S., Scagel. F. (2008). Berry temperature and
solar radiation alter acylation, proportion, and concentration of
anthocynin in Merlot grapes. Am. J. Enol. Vitic. 3:235-247.
Teiblum, A. (2004). Regions in Israel with risk of frost (Hebrew). Israel Ministry
of Agriculture. Accessed 20 Oct. 2015. <http://meteo.co.il>
Tonietto, J., Carbonneau, A. (2004). A multicriteria climatic classification
system for grape-growing regions worldwide. Agr. and For. Meteo. 124,
81-97.

73
© Institute of Masters of Wine 2015.

van Leeuwen, C., Friant, P., Chone, X., Tregoat, O., Koundouras, S.,
Dubourdieu, D. (2004). Influence of climate, soil, and cultivar on terroir.
Am. J. Enol. Vitic. 55, No. 3: 207-217.
Welner, S. (2015). General Manager, Golan Height Winery 1980-1992. Israel
Yamane, T., Tae Jeong, S., Goto-Yamamoto, N., Koshita, Y., Koshita, Y.,
Kobayashi, S., (2006). Effects of temperature on Anthocyanin
biosynthesis in grape berry skins. Am. J. Enol. Vitic. 57, No. 1:54-59.
Yom-Tov, Y., Tchernov, E. (1988). The zoogeography of Israel. Dr. W. Junk
Publishers, Dordrecht.

74
© Institute of Masters of Wine 2015.

Appendix 1 – Correlations between Homoclime index and
GDD/MJT
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Appendix 2 – Israel's current regulations map of wine regions
Source – Code of Wine Regulations (1988).
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Appendix 3 – Homoclime Study full disclosure
Finding meteorological stations with similar climate to the Tzuba station was
done by Dr. Richard Smart. This search required the vast meteorological data
that Dr. Smart possesses. The service is available through Dr. Smart's
website http://www.smartvit.com.au/. The service cost 250 Aus. Dollars.
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Appendix 4 – Homoclime Study

HOMOCLIME STUDY
for

Tzuba
Israel

Under instructions from SMART VITICULTURE
by John Gwalter B. Sc. (For.)
December 2014
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EXECUTIVE SUMMARY
Temperature homoclimes
Analyses were done for an eight-month growing period for the site near at
Tzuba in Israel.
These analyses indicated that this is a hot climate area (MJT 24.8 OC),
according to the Smart and Dry MJT (Mean January/July Temperature)
classification.
This table lists 28 of the best temperature homoclime matches.
Country

Max
Index

Min
Index

Av
Index

Max
Match

Min Match

MJT
(0C)

Station

Israel

0.000

0.000

0.000

Ideal

Ideal

24.8

Tsuba

Australia

0.023

0.015

0.019

Good

V.Good

24.8

SUBIACO TREATMENT PLANT

Australia

0.027

0.018

0.022

Good

V.Good

24.8

Perth (Subiaco)

Australia

0.022

0.030

0.026

Good

Fair

24.4

PERTH METRO

Australia

0.012

0.050

0.031

V.Good

Accept.

24.3

MANDURAH

Australia

0.058

0.025

0.042

Accept.

Good

23.8

PERTH REGIONAL OFFICE

Australia

0.058

0.025

0.042

Accept.

Good

23.8

Perth regional office

Australia

0.028

0.059

0.043

Good

Accept.

23.8

PERTH GARDENS

Australia

0.028

0.059

0.043

Good

Accept.

23.8

Perth Gardens

Morocco

0.081

0.008

0.044

Accept.

Extr. Good

25.8

Sidi Slimane

S Africa

0.042

0.051

0.046

Accept.

Accept.

23.9

Nederburg

Algeria

0.066

0.038

0.052

Accept.

Fair

25.4

Tlemcen/Zenata 2

Australia

0.020

0.089

0.055

Good

Accept.

24.2

PERTH AIRPORT

Spain

0.100

0.011

0.055

Accept.

V.Good

24.3

Rota

Australia

0.050

0.063

0.057

Accept.

Accept.

25.1

PEARCE RAAF

Australia

0.022

0.094

0.058

Good

Accept.

24.2

Belmont (Perth Ap)

Australia

0.097

0.024

0.061

Accept.

Good

24.2

PERTH WEST

Australia

0.053

0.069

0.061

Accept.

Accept.

25.2

Bullsbrook (Pearce)

Israel

0.061

0.063

0.062

Accept.

Accept.

25.7

Tel Aviv /Ben Gurion

Australia

0.085

0.043

0.064

Accept.

Accept.

23.6

NEDLANDS UWA

Australia

0.085

0.043

0.064

Accept.

Accept.

23.6

Perth (Nedlands)

Greece

0.059

0.069

0.064

Accept.

Accept.

26.0

Souda Bay Crete
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Israel

0.070

0.059

0.064

Accept.

Accept.

26.5

Ramat-David

Spain

0.060

0.072

0.066

Accept.

Accept.

25.5

Jerez de la Frontera

Sicily

0.069

0.065

0.067

Accept.

Accept.

25.3

Catania

Australia

0.029

0.105

0.067

Good

Accept.

24.2

Perth (Guildford po)

Australia

0.029

0.105

0.067

Good

Accept.

24.2

GUILDFORD POST OFFICE

Portugal

0.084

0.061

0.072

Accept.

Accept.

23.9

VILA REAL DE S.ANTONIO

Algeria

0.124

0.023

0.074

Accept.

Good

24.5

Annaba (El Mellah)

The area about Perth, Western Australia has similar growing season
temperatures. Others are in the Mediterranean region. A more complete list is
given later.
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Rainfall homoclimes
Rainfall homoclimes were found in California, and about Perth, WA.
Country

State/Region

Rain
index

Israel

Station

0

Tsuba

USA

California

11

Napa co

USA

California

12

San Luis Obispo Poly

Australia

WA

16

PEARCE RAAF

USA

California

18

McClellan AFB(Sacramento)

Australia

WA

19

Wandering shire

Australia

WA

19

WANDERING COMPARISON

Australia

WA

19

SUBIACO TREATMENT PLANT

USA

California

21

Napa state hospital

Australia

WA

21

UPPER SWAN RESEARCH STATION

Australia

WA

21

PERTH METRO

Australia

WA

22

BOYUP BROOK

Frost
Frost risk was found to be very low

Principal varieties found in temperature homoclimes
The following is a list of available data for the most frequent planted varieties
in the best temperature matching sites.

White

Score

Red

Score

Chardonnay(M)

11

Cabernet Sauvignon(M)

14

Sauvignon Blanc

9

Merlot(M)

12

Riesling(M)

7

Carignan(M)

8

Semillon(M)

7

Pinotage

6

Boal(M)

4

Mourvedre(M)

6

Chenin Blanc(M)

4

Merlot

6

Clairette(M)

4

Shiraz

4

Ranked in order of frequency of planting sites
(see body of report for complete listings)
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Conclusion.
The test vineyard site of Tzuba in Israel was found to have considerable
temperature and rainfall similarity to the region around Perth, Western
Australia. There are other growing season temperature homoclimes in the
Mediterranean region, and rainfall homoclimes also in California.
In Richard Smart’s opinion, the Swan Valley near Perth can produce
distinctive Chardonnay and Chenin Blanc, and especially Shiraz.
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INTRODUCTION
What is homoclime searching?
Homoclime searching is a method to evaluate vineyard regions. It is based on the similarity of
climates that may occur at different points on the globe. Two places with similar climates are
“homoclimes” of each other. Of course, we need to define “similarity”, which we do here in a
statistical sense. We also need to define which attributes of the climate are to be tested ie the
values of mean monthly maximum temperatures, rainfall etc. And we need to specify if these
are to be tested individually, or in some composite form.
Why do homoclime searching?
If vines have been gown in a certain region, for example Bordeaux, France for several hundred
years then we have a lot of clues as to how vines might grow in another part of the world with
the same climate. We have a good deal of information as to which varieties should be grown,
the potential wine styles, and the likely disease pressure etc.
So if we have a potential new vineyard region, we can compare it with a data base containing
climate data for stations around the world, and seek similarity. We can do this either for all
stations of just those in vineyard areas. If the results turn up vineyard regions as homoclimes
then we can study these regions to learn about issues with grape growing and wine making
there.
Which climate parameters are most important?
Undoubtedly the most important climate parameter affecting grapevine growth and wine quality
is temperature. Temperature governs the rate at which grapevines pass from one phenological
state to another, ie from 50% flowering to the beginning of veraison. Harvest is in mid-summer
in hot regions, and in autumn in cool regions. Temperature also determines fruit composition
and suitability for wine. Most varieties make the best wine when they are able to ripen fruit
under cool conditions, and commonly when grown under hot conditions wine can luck flavour
and color. It is not well understood about the importance of day temperature relative to the
night. Temperatures below freezing in spring and autumn can cause frost damage, and very low
winter temperatures can kill vines.
Rainfall is also important for vine growth and wine quality. It is especially important for water
supply to the vine, although in many parts of the world irrigation is now the most important water
source. Rainfall can also spread diseases and cause berry splitting. Rainfall near harvest is
especially devastating, because of Botrytis bunch rot.
Sunshine is also very important, as it determines yield potential, and is often linked to
temperature in a very general way. Sunshine provides energy for photosynthesis, the ultimate
source of organic compounds for vine and fruit growth.
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Humidity, wind and evaporation are also important in affecting growth, fruit composition, wine
quality and diseases.
In the analyses performed here, we give temperature highest priority. We consider maximum
and minimum temperature separately, rather than dealing with the average of the two as is most
common. We also analyze rainfall. We infrequently need to study other climate parameters but
can do so if the data is available.
The benefits of studying climate
Detailed climate analysis can tell us a lot about what to expect in a new vineyard region. The
following are examples:



Which varieties will do well in terms of wine style and quality
The likely timing of phenological stages, including bud break, flowering, veraison and
harvest. This is often most conveniently achieved by reference to performance in a
homoclime
 If evaporation and rainfall data are compared, this will indicate the average need for
irrigation
 A consideration of rainfall amount and frequency, along with humidity, can allow one to
predict some diseases. In the reports we prepare, we estimate both downy Mildew and
Botrytis incidence from consideration of monthly rainfall and rain days
 Using minimum temperature data along with the standard deviation allows calculation of
the frost risk
This list covers most of the attributes of a site which determine economic viability, and so the
investor can be armed with very important information.
Appendix 1 provides some more detail about our methods.

Richard Smart
John Gwalter
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GLOSSARY
Italics indicates definition elsewhere in glossary

Av. index

The mean of the Max index and the Min index.

Frost risk

The number of days per month when the temperature is likely
to be less than or equal to a given value.

Match

A meteorological site where data compares closely to the
study site, when using a standard statistical technique to
produce an index (low values indicate the best matches).

Max index

The maximum temperature index of match for the period
indicated.

Max match

A word descriptor assigned to a range of Max indexes.

Min index

The minimum temperature index of match for the period
indicated.

Min match

A word descriptor assigned to a range of Min indexes

MJT

Mean January Temperature in Southern hemisphere or Mean
July Temperature in Northern hemisphere. (0C)

Rain index

The rainfall index of match for the period indicated.

Station

a site where meteorological data is recorded.

World

All meteorological sites throughout the world are used.

World
Viticultural

All meteorological sites throughout the world known to be
associated with viticulture.

DESCRIPTORS USED, FOR TEMPERATURE
The maximum and minimum temperature index values derived using a standard statistical
method (Chi sq) are assigned word descriptors for a range of values to assist interpretation.
Max or Min Index
0.000 - < 0.005
0.005 - < 0.010
0.010 - < 0.020
0.020 - < 0.030
0.030 - < 0.040
0.040 - < 0.500
0.500 - < 0.600
0.600 - < 0.800

For the period tested
An exact, or almost exact match
Extremely good match
Very good match
Good match
Fair match
Acceptable match
Poor match
Bad match

Descriptor used
Ideal
Extr. Good
V.Good
Good
Fair
Accept.
Poor
Bad
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0.800 - < 1.000
1.000 - < 5.000
>=5.000

Very bad match
Extremely bad match
No match whatever

V.Bad
Extr. Bad
No fit

MAP LEGENDS
These maps are constructed using symbols to mark climate recording stations

based on the preceding homoclime table
+







All
Red dot
Purple dot
Green dot
Blue dot
Yellow dot

Indicates all available meteorological sites
indicates best
1 - 10
matches
indicates best
11 - 25
matches
indicates best
26 - 50
matches
indicates best
51 - 100
matches
indicates best
101 - 150
matches

These are overlaid with the poorer matches being the lower layers.
Due to the scale of the maps many of the dots will overlap or conceal other dots.
GRIDDED MAPS Maps showing interpolation do not take into account topography which may
intervene between meteorological sites, these maps are indicative only.
RAINFALL HOMOCLIMES
Rainfall homoclimes match the distribution and amount of rainfall for a 12 month period.
Rain
Index
0-5
5 -10
10 - 15
15 - 20
20 - 25
25 - 30
30 - 35
35 - 40
40 +

Degree of Match
Excellent match
Very Good match
Good match
Fair match
Poor match
Very Poor match
Bad match
Very Bad Match
No match

HOMOCLIME TABLES
The tables of homoclime matches are ranked in decreasing order of goodness of fit of the
average index value.
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Locality map
The nearest town with a met. site is Jerusalem

89
© Institute of Masters of Wine 2015.

DATA SOURCES USED IN THE ANALYSIS
>United States Department of Commerce, Climate Bureau. CD (purchased 1999).
a. and from the International Station Meteorological Climate Summary
b. ver 4.0 September 1996, prepared by Fleet Numerical Meteorology and Oceanography
Detachment National Climate Data Centre and USAFETAC OL-A
>Australian Bureau of Meteorology Met station data 2002
>Various Countries Met Bureau data
>Australian Bureau of Meteorology Gridded data 2001
>USA Met. Bureau CD purchased 2002
>Prism Temperature and Rainfall grids, various other grids
>Standard deviation of the minimum temperature from ISMCS above
>Grape variety sources are referenced later.
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Precise location of Tzuba, Israel (Elevation 715m)
Item

Decimal degrees

Lat

31.787

Long

35.125

. Supplied by client 2002-20013 (11 years) data averages
Northern Hemisphere Months
Item

J

F

M

A

M

J

Max

13.6

14.8

18.2

22.2

26.3

29.2

Min

6.9

7.0

9.0

11.3

14.2

mm 146.9

149

63

23

1.1

J

A

S

O

N

D

31

31.2

29.5

26.5

20.9

15.7

16.7

18.6

19

17.8

16

12.5

8.6

0.2

0

0

2.1

13.3

53.4

19.5

TEMPERATURE
0C

RAINFALL

Frost risk calculation
Because the minimum temperature graphs of Jerusalem and Tzuba are very similar, the
standard deviation values for Jerusalem are taken as being those for Tzuba.
This is necessary as the standard deviation of the minimum is required to allow calculation of
the frost risks for Tzuba
Standard deviation of minima, northern hemisphere months
Station

J

F

M

A

M

J

J

A

S

O

N

D
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Jerusalem 2.67 2.94 3.11 3.61 3.39 2.28 2.11 1.61 1.83 2.72 3.17 2.78
Tzuba
(implied)

2.67

2.94

3.11

3.61

3.39

2.28

2.11

1.61

1.83

2.72

3.17

2.78

Frost risk in days per Month for given frost temperature at Tzuba

-4.0
-3.0
-2.0
-1.0
0.0

Note that the time legend is in Southern Hemisphere months. Add six months for NH equivalent.
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SEEKING TEMPERATURE HOMOCLIMES
COMPLETE LIST OF TEMPERATURE HOMOCLIMES
World viticultural matches, 8 months growing season (Sept - April)
Match Av.Index <= 0.1
Country

Max
Index

Min
Index

Av
Index

Max
Match

Min Match

MJT
(0C)

Station

Israel

0.000

0.000

0.000

Ideal

Ideal

24.8

Tsuba

Australia

0.023

0.015

0.019

Good

V.Good

24.8

SUBIACO TREATMENT
PLANT

Australia

0.027

0.018

0.022

Good

V.Good

24.8

Perth (Subiaco)

Australia

0.022

0.030

0.026

Good

Fair

24.4

PERTH METRO

Australia

0.012

0.050

0.031

V.Good

Accept.

24.3

MANDURAH

Australia

0.058

0.025

0.042

Accept.

Good

23.8

PERTH REGIONAL OFFICE

Australia

0.058

0.025

0.042

Accept.

Good

23.8

Perth regional office

Australia

0.028

0.059

0.043

Good

Accept.

23.8

PERTH GARDENS

Australia

0.028

0.059

0.043

Good

Accept.

23.8

Perth Gardens

Morocco

0.081

0.008

0.044

Accept.

Extr. Good

25.8

Sidi Slimane

S Africa

0.042

0.051

0.046

Accept.

Accept.

23.9

Nederburg

Algeria

0.066

0.038

0.052

Accept.

Fair

25.4

Tlemcen/Zenata 2

Australia

0.020

0.089

0.055

Good

Accept.

24.2

PERTH AIRPORT

Spain

0.100

0.011

0.055

Accept.

V.Good

24.3

Rota

Australia

0.050

0.063

0.057

Accept.

Accept.

25.1

PEARCE RAAF

Australia

0.022

0.094

0.058

Good

Accept.

24.2

Belmont (Perth Ap)

Australia

0.097

0.024

0.061

Accept.

Good

24.2

PERTH WEST

Australia

0.053

0.069

0.061

Accept.

Accept.

25.2

Bullsbrook (Pearce)

Israel

0.061

0.063

0.062

Accept.

Accept.

25.7

Tel Aviv /Ben Gurion

Australia

0.085

0.043

0.064

Accept.

Accept.

23.6

NEDLANDS UWA

Australia

0.085

0.043

0.064

Accept.

Accept.

23.6

Perth (Nedlands)

Greece

0.059

0.069

0.064

Accept.

Accept.

26.0

Souda Bay Crete

Israel

0.070

0.059

0.064

Accept.

Accept.

26.5

Ramat-David

Spain

0.060

0.072

0.066

Accept.

Accept.

25.5

Jerez de la Frontera

Sicily

0.069

0.065

0.067

Accept.

Accept.

25.3

Catania

Australia

0.029

0.105

0.067

Good

Accept.

24.2

Perth (Guildford po)

Australia

0.029

0.105

0.067

Good

Accept.

24.2

GUILDFORD POST OFFICE

Portugal

0.084

0.061

0.072

Accept.

Accept.

23.9

VILA REAL DE S.ANTONIO

Algeria

0.124

0.023

0.074

Accept.

Good

24.5

Annaba (El Mellah)

S Africa

0.033

0.121

0.077

Fair

Accept.

23.0

Grasrug

Australia

0.073

0.082

0.078

Accept.

Accept.

23.5

BEENYUP
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Australia

0.073

0.082

0.078

Accept.

Accept.

23.5

Beenyup (Wanneroo)

Algeria

0.120

0.036

0.078

Accept.

Fair

24.5

Oran/es Senia

Spain

0.111

0.047

0.079

Accept.

Accept.

25.0

Alicante/el'Altet

Greece

0.078

0.083

0.080

Accept.

Accept.

26.4

Volos

Australia

0.081

0.083

0.082

Accept.

Accept.

23.1

Mandurah

S Africa

0.053

0.113

0.083

Accept.

Accept.

23.5

Veldreserwe

Australia

0.119

0.050

0.084

Accept.

Accept.

23.0

PENRITH LAKES AWS

Spain

0.138

0.032

0.085

Accept.

Fair

24.5

Malaga

Australia

0.062

0.120

0.091

Accept.

Accept.

23.3

Kalamunda

Australia

0.062

0.120

0.091

Accept.

Accept.

23.3

KALAMUNDA

Turkey

0.092

0.091

0.092

Accept.

Accept.

26.6

Izmir/Cigli

Australia

0.126

0.058

0.092

Accept.

Accept.

24.2

SINGLETON ARMY

Australia

0.126

0.058

0.092

Accept.

Accept.

24.2

Singleton

Argentina

0.113

0.072

0.092

Accept.

Accept.

24.5

Rosairo

Greece

0.164

0.024

0.094

Accept.

Good

25.0

Araxos

Best 5 temperature homoclime matches

Southern Hemisphere months

Best 6 –9 temperature homoclime matches
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Southern Hemisphere months

Best 10 –15 temperature homoclime matches

Southern Hemisphere months
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WORLD DISTRIBUTION, BY MAPPING
Temperature homoclimes of Tzuba, Israel
8 months matches world viticultural sites – Temperature homoclimes
(See Glossary for details)
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EUROPE
Temperature homoclimes of Tzuba, Israel
8 months matches world viticultural sites – Temperature homoclimes
(See Glossary for details)
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AUSTRALIA
Temperature homoclimes of Tzuba, Israel
8 months matches world viticultural sites –
(See Glossary for details)

98
© Institute of Masters of Wine 2015.

SOUTH AMERICA
Temperature homoclimes of Tzuba, Israel
8 months matches world viticultural sites – Temperature homoclimes
(See Glossary for details)
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VARIETIES FOUND IN TEMPERATURE HOMOCLIMES,Tzuba, Israel
Varieties known to be planted in temperature homoclime matches in decreasing order of goodness of match
Note that we do not have exact variety information for all of these climate stations, as they are not vineyard regions. For example,
all climate stations near Perth, WA, show the same varieties, as grown in the Swan Valley, near Perth.
MATCH INDEX 0 - 0.1
Some may be minor or experimental plantings
(M) Major variety in area
Country

Station

White

Red

Australia

Perth (Subiaco)

Sauvignon Blanc, Chenin Blanc, Semillon,,
Chardonnay, Verdelho, Pedro Ximenez,
Viognier, Muscat Blanc a Petits
Grains.Muscadelle,

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Australia

PERTH METRO

Sauvignon Blanc, Chenin Blanc, Semillon,,
Chardonnay, Verdelho, Pedro Ximenez,
Viognier, Muscat Blanc a Petits
Grains.Muscadelle,

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Australia

MANDURAH

Semillon

Australia

PERTH
REGIONAL
OFFICE

Sauvignon Blanc, Chenin Blanc,
Chardonnay,Verdelho,Pedro Ximenez
Viognier, Muscat Blanc a Petits Grains,
Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Australia

PERTH
GARDENS

Sauvignon Blanc, Chenin Blanc,
Chardonnay,Verdelho,Pedro Ximenez
Viognier, Muscat Blanc a Petits Grains,
Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Morocco

Sidi Slimane
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S Africa

Nederburg

Chardonnay(M), Sauvignon Blanc(M),
Chenin Blanc, Riesling, Gewurztraminer,
Muscat of Alexandria,, Colombard(M)

Pinot Noir, Cabernet Sauvignon(M), Malbec, Merlot, Shiraz, Pinotage(M), ,

Australia

PERTH
AIRPORT

Sauvignon Blanc, Chenin Blanc, Semillon,
Chardonnay, Verdelho, Pedro Ximenez,
Viognier, Muscat Blanc a Petits
Grains,Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Australia

PERTH WEST

Sauvignon Blanc, Chenin Blanc, Semillon,
Chardonnay, Verdelho, Pedro Ximenez,
Viognier, Muscat Blanc a Petits
Grains,Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Australia

Perth
(Nedlands)

Sauvignon Blanc, Chenin Blanc, Semillon,
Chardonnay, Verdelho, Pedro Ximenez,
Viognier, Muscat Blanc a Petits
Grains,Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

Greece

Souda Bay
Crete

Mandelaria, Vilana,

Kostifali, Liatiko, Pinotage(M),,

Spain

Jerez de la
Frontera

Zalema, Palomino Fino(M), Perdo
Ximenez(M), Muscat of Alexandria(M)

Sicily

Catania

Carricante, Catarratto Bianco Lucido(M),
Inzolia(M), Grecanico(M), Chardonnay(M)

Nero d'Avola(M),, Frappato(M),. Nerello Cappucio(M)

Australia

Perth (Guildford
po)

Sauvignon Blanc, Chenin Blanc, Semillon,
Chardonnay, Verdelho, Pedro
Ximenez,Viognier, Muscat Blanc a Petits
Grains, Muscadelle

Merlot, Shiraz, Cabernet Franc, Cabernet Sauvignon, Grenache, Zinfandel, Petit Verdot, Gamay, Pin
Madeira, Tinta Cao, Sousao, Touriga

S Africa

Grasrug

Chardonnay, Sauvignon Blanc,Sauvignon
Blanc,Riesling,, Gewurztraminer, Muscat of
Alexandria

Pinot Noir, Cabernet Sauvignon(M), Malbec, Merlot, Shiraz, Pinotage(M), ,

Australia

BEENYUP

Muscat Blanc a Petits Grains, Chasselas,
Italia, Chenin Blanc, Muscat Blanc a Petits
Grains

Grenache, Shiraz, Cardinal, Pinot Noir, Merlot, Cabernet Sauvignon

Algeria

Oran/es Senia

Alicante Bouschet, Aramon, Carignan, Cinsaut, ,
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Spain

Alicante/el'Altet

Perdo Ximenez, Airen, Meseguera, Muscat of
Alexandria, Verdil

Monastrell, Grenache, Bobal,

S Africa

Veldreserwe

Chardonnay, Sauvignon Blanc, Chenin
Blanc, Riesling, Clairette , Colombard,
Muscat of Alexandria, Muscat Blanc a Petits
Grains

Cabernet Sauvignon, Pinotage, Cinsaut

Turkey

Izmir/Cigli

Semillon, Sultana, Cinsaut Blanc, Yapuncak

Carignan

Argentina

Rosairo

Chardonnay, Sauvignon Blanc, Semillon,
Viogner, Riesling, Pedro Ximinez

Cabernet Sauvignon, Malbec, Sangiovese, Cagernet Franc, Shiraz, Barbera, Pinot Noir, Merlot, Petit
TorrentesTorrentes

Greece

Araxos

Chardonnay, Sideritis, Rhoditis

Sangiovese, Cabernet Sauvignon, Merlot, Volidza

102
© Institute of Masters of Wine 2015.

Tzuba
The above table may be summarized by frequency of plantings (not area planted)
MATCH INDEX < 0.1
White

Score

Red

Score

Chardonnay(M)

11

Cabernet Sauvignon(M)

14

Sauvignon Blanc

9

Merlot(M)

12

Riesling(M)

7

Carignan(M)

8

Semillon(M)

7

Pinotage

6

Boal(M)

4

Mourvedre(M)

6

Chenin Blanc(M)

4

Merlot

6

Clairette(M)

4

Shiraz

4

Malvasia Bianca(M)

4

Pinot Noir

4

Rolle(M)

4

Negra Mole(M)

4

Trebbiano(M)

4

Grenache(M)

4

Verdelho(M)

4

Cinsaut(M)

4

Airen

2

Shiroka Melnishka Losa

2

Bacchus

2

Schiava Grossa

2

Bourboulenc

2

Reichensteiner

2

Colombard(M)

2

Pamid

2

Crato

2

Malbec

2

Gewurztraminer

2

Jaen negro

2

Jaen Blanco

2

GM 6504

2

Kosu(M)

2

Cinsaut

2

Mueller-Thurgau

2

Castelao Frances

2

Muscat of Alexandria

2

Cabernet Franc

2

Neo Musca(M)

2

Black Corinth

2

Ondenc(M)

2

Aramon

2

Orion

2

Alicante Bouschet

2

Phoenix

2

Rkatsiteli

2

Schonburger

2

Seyval Blanc(M)

2

Boal

100

100

(M) Major variety in at least one site
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SEEKING RAINFALL HOMOCLIMES
Note Southern Hemisphere months used
J
Tzuba

A

146.9

S

149

O

63

N

D

J

F

M

NA

NA

NA

M

J

23 1.1 0.2 0.0 0.0 2.1 13.3 53.4 119.5

Jerusalem 140.0 112.0 117.1 18.0 5.1 0.0 0.0 0.0 0.0
RamatDavid

A

NA

NA

NA

NA

NA

NA

9.9 69.1 130.0
NA

NA

NA

RAINFALL

Tzuba
Jerusalem

c. SEEKING RAINFALL HOMOCLIMES
12 months rainfall match world viticultural sites
Rain Index <= 30
Country

State/Region Rain
index

Annual
Rainfall

Growing
season
rainfall

Station

Israel

Tzuba

0

572

238

Tsuba

USA

California

11.20427

597

269

Napa co
104

© Institute of Masters of Wine 2015.

USA

California

11.54973

597

278

San Luis Obispo Poly

Australia

WA

14.91853

675

264

Bullsbrook (Pearce)

Australia

WA

15.82781

692

284

PEARCE RAAF

USA

California

18.39516

533

244

McClellan AFB(Sacramento)

Australia

WA

18.95712

616

273

Wandering shire

Australia

WA

19.10871

617

277

WANDERING COMPARISON

Australia

WA

19.30714

726

298

SUBIACO TREATMENT PLANT

USA

California

20.86249

638

259

Napa state hospital

Australia

WA

20.92482

740

295

UPPER SWAN RESEARCH STATION

Australia

WA

21.1499

786

336

PERTH METRO

Australia

WA

22.04314

663

297

BOYUP BROOK

Australia

WA

22.35854

665

297

Boyup Brook po

USA

California

23.05901

503

223

Gilroy

USA

California

23.13402

551

246

Watsonville waterworks

Australia

WA

23.32516

786

356

BUNBURY

Australia

WA

24.30967

766

325

BEENYUP

Australia

WA

24.41359

667

260

Bunbury (W. Power)

Australia

WA

24.46196

667

260

BUNBURY POWER STATION

Australia

WA

24.86122

761

316

Beenyup (Wanneroo)

USA

California

26.72772

737

290

Sonoma

USA

California

26.985

738

331

Santa Cruz

Australia

WA

27.13284

795

315

PERTH AIRPORT

USA

California

27.5033

471

200

Sacramento WSO ci

Australia

WA

28.58658

797

312

Belmont (Perth Ap)

Australia

WA

28.60275

755

331

PERTH WEST

Australia

WA

28.81904

534

251

GLEN LOSSIE

USA

California

28.88095

770

309

Santa Rosa

USA

California

29.29373

473

218

Monterey

Australia

WA

29.43947

774

300

LUDLOW

Best 5 rainfall homoclime matches
Note: axes are labeled by southern hemisphere month for all figures
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Best 6 – 10 rainfall homoclime matches

Best 11 – 15 rainfall homoclime matches
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Tzuba
World Viticultural sites with similar rainfall distribution for 12 months
(see Glossary for details)

ALL
150
100
50
25
10
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Appendix 1. SEEKING HOMOCLIMES - DESCRIPTION OF METHOD
Temperature is the single most important climatic factor governing grapevine growth
and fruit production. Long-term climate data records for a place (usually 30 years)
describe temperature by mean (arithmetic average) of maximum and minimum
temperatures for each month. The typical data set for temperature therefore consists
of 24 points, being maximum and minimum temperatures for each of 12 months.
Some climate indices used in viticulture (such as Heat Degree Days HDD) take the
average of the maximum and minimum, known as the monthly mean temperature.
This approach we believe is flawed, as it tells nothing about the daily range of
temperatures between the maximum and minimum values.
Temperature indices
Heat Degree Days (HDD) has long been used to describe temperature conditions in
vineyard regions. It is calculated as the average of the mean maximum and minimum
temperatures for each month, less a “base” temperature of 10 degrees Celsius,
multiplied by the number of days in the month. The units are C days. This is summed
over the growing season, normally six or seven months. This index is adequate for
comparing sites in the same general region, as the fluctuation of maximum and
minimum temperatures throughout the year will follow much the same pattern
throughout the region. However we have shown, as have many others, that it is not
suitable for comparing sites between regions, especially those with differing degrees
of continentality.
Gladstones has proposed a modification of HDD, which truncates temperatures at
high values. We believe it inaccurate for many sites especially hot ones. The Mean
January Temperature MJT is yet another index of temperature conditions in a region,
and is well correlated to HDD for places with similar summer-winter temperature
differences or MAR (Mean Annual Range).
Our temperature matching procedure
We use the actual data for monthly maximum and minimum, rather than an index
derived from them. We do homoclime searches for temperature using a standard
statistical test for maximum and minimum temperature temperatures separately,
normally for an eight-month growing season, or for a shorter midsummer period.
These index values are calculated for the each of the maximum and minimum curves
are then averaged. The homoclime stations are then sorted and presented in
decreasing order of this mean. That is, the homoclimes, which correspond most
closely to the target, are at the top of the list. We present word descriptors for
correspondence to both maximum and minimum temperatures of each homoclime.
We believe this to be the most sophisticated temperature homoclime searching
method ever developed for viticulture. We use a data base of over 14,000 climate
stations world wide. We have identified which of these (over 800) are used for
viticulture, and which grape varieties are used in the region.
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Rainfall homoclimes
Similar procedures can also be used for rainfall. We find homoclimes for the eightmonth growing season, and also using a shorter period for the ripening period if
relevant.
Other homoclimes
We can perform homoclimes on humidity and sunshine and other climate elements as
well, but often data is recorded and presented differently between countries.

APPENDIX 2
METEOROLOGICAL DATA SOURCES
Climatic Averages of Australia (1988). Book form.
This was used to obtain 14 percentiles for the mean monthly minimum temperature,
which allowed estimation of frost risks. Some of these were also added to main
database
Australian Meteorological Sites, Bureau of Meteorology. CD (purchased 1999).
A total of 873 sites south of the tropic of Capricorn were available. A minority of these
sites (209) is now used for viticulture and is included in the database for sorting. A
few sites only had sunshine (108) and evaporation (214) data.
Australian Meteorological Sites, Bureau of Meteorology. CD (purchased 2001).
An interpolation of most Australian meteorological sites to a 0.025-degree of latitude
and longitude (about every 2.5km) for climatological data.
United States Department of Commerce, Climate Bureau. CD (purchased 1999).
The data period 1961-1990 for 4,612 sites was used to extract temperature and
rainfall data for US vineyard regions.
International Climate Meteorological Survey, Ex Department of Commerce, USA CD
(purchased 1999). These usually had record lengths in excess of 30 years and
covered more than 7000 sites.
Temperature, rainfall and humidity data were extracted from these for 800 viticultural
regions and 13,000 other sites world- wide.
This database is being continually updated.
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Available Meteorological sites
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List of site numbers within database by Country
Afghanistan
Alaska

9

Dominica

136 Egypt

5 Sao Tome

2

34 Liberia

3 Sarawak

6

2 Libya

20 Saudi Arabia

24
13

Albania

5

Algeria

37 Equador

9 Lord Howe Is.

1 Senegal

Angola

13 Ethiopia

10 Madagascar

15 Seychelles

1

Antarctica

6

Faeroes

2 Madeira

2 Sicily

13

Antigua

3

Faulkland Is.

2 Malawi

4 Sierra Laone

1

Antilles

2

Fiji

9 Malaysia

13 Sierra Leone

6

Arab Emirates

4

Finland

27 Maldives

1 Singapore

2

112 Mali

Argentina
Ascension Is.
Australia

El Salvador

7 Lebanon

121 France
1

France(OS)

1093 French Guinea

21 Solomon Is.

13

3 Malta

1 Somalia

8

6 Mariana Is.

4 South Africa

52

Austria

11 French Polynesia

11 Marshall Is.

4 Spain

56

Azores

8

Gabon

10 Martinique

1 Sri Lanka

6

Bahamas

5

Gambia

4 Mauritania

20 St Martin

1

Bahrain

1

Germany

131 Mauritius

5 St. Helena Is.

1

Bangladesh

2

Ghana

20 Mexico

60 St. Lucia Gp.

2

Barbados

1

Gibralter

1 Mongolia

25 St.Martin Is.

1

Belgium

34 Gilbert Is.

1 Morocco

29 Sudan

15

Belize

4

Greece

29 Mozambique

18 Suriname

2

Benin

7

Greenland

33 Namibia

6 Sweden

72

Bermuda

1

Guam

1 Nauru

2 Switzerland

11

Bolivia

19 Guatemala

3 Nepal

5 Syria

10

Botswana

3

12 Netherlands

27 Taiwan

17

2 New Caledonia

8 Tanzania

17

3 New Guinea

5 Thailand

47

Brazil

Guinea

117 Guinea Equat.

Brunei

2

Bulgaria

18 Guyana

5 New Zealand

Burma

23 Haiti

1 Nicaragua

6 Trinidad

2

Burundi

2

Hawaii

46 Niger

14 Tunisia

11

Cameroon

8

Honduras

8 Nigeria

27 Turkey

56

Campbell Island

1

Honduras (Br.)

4 Niue Island

1 Tuvalu

1

1 Norfolk Is.

1 Uganda

7

Canada

Guinea-Bissau

280 Hong Kong

195 Togo

10

Canary Isles

4

Hungary

15 Norway

69 UK

192

Cape Verde

1

Iceland

34 Oman

11 Ukrania

31

Caroline Is.

4

India

106 Pac. Islands

1 Upper Volta

9

Cayman Is.

2

Indonesia

75 Pacific Islands

24 Uraguay

23

Cent. Africa rep.

5

Iran

29 Pakistan

21 USA

Chad

6

Iraq

18 Panama

7 Vanuata

10

Chatam Island

1

Ireland

14 Paraguay

13 Venezuala

21

5977

Chile

51 Israel

8 Peru

24 Viet Nam

45

China

316 Italy

62 Philippines

44 Virgin Islands

10

15 Pitcairn Island

1 W Samoa

1

Christmas Is.

3

Ivory Coast

112

Cocos Is.

1

Jamaica

4 Poland

59 Willis Is.

1

Colombia

29 Japan

114 Portugal

96 Yemen

3

Congo

21 Johnston Is.

1 Portugal(OS)

2 Yemen Dem

3

Cook Islands

8

Jordan

7 Puerto Rico

30 Yugoslavia

Costa Rica

4

Cuba

18 Kashmir

Kampuchea

7 Qatar

1 Zaire

1

4 Raoul Island

1 Zambia

1

Cyprus

6

16 Rawanda

2 Zimbabwe

15

Czeckoslovakia

26 Korea

69 Reunion Africa

11

Denmark

35 Korea (North)

32 Romania

37

Diego Garcia

1

Kuwait

1 Russia

448

Djibouti

1

Laos

8 Samoa West

Kenya

113

4

107

APPENDIX 3 Grape Variety References
The following references were used to compile our data base of variety use by regions
"In the Grip of the Grape" - Establishing Queenslands Wine Industry - Moran J. 1958
A Practical Ampelography. L.T. Morton 1980
Australian Wine Guide. James Halliday 1988
Bulgarian Wine Industry 2000. Vasko DeLev 2000
Catalogue des Varietes et Clones de Vigne Cultives en France. Min Ag. France 1995
Chile - Culture of Wine. F. Ureta C. P. Pszczolkowski T. 1992
Complete Book of Australian Wine. Len Evans 1984
Encyclopedia of the Wines of Portugal -Vol III Alentejo Wines. Chaves Ferreira Pub.
Exploring Missouri Wine Country. Brett Dufor 1997
Grape Varieties of South Australia. SA Dept Agriculture 1967
Guide to the Wines of Spain. Club G.S.A 1990 (translation)
Guide to Wine Grapes. Jancis Robinson 1996
Mendoza A Land of Fun and Wine. F. Vidal Buzzi 1994
New World Wines - the complete guide. Julie Arkell 1999
Northwest Wine. Ted Meredith 1980
Rootstocks for Grape-vines. Pongracz D.P. 1983
South African Wine Guide. J. Platter 1993
The Complete Book of South African Wine. D. Hughes P.Hands J Kench 1988
The Concise Atlas of German Wines. Hugh Johnson, Ian Jamieson 1986
The Greek Wine Guide. Manessis Nico. 1995
The Oxford Companion To Wine. - edited by Jancis Robinson 1999
The Professional Australian Wine Guide. C. Hartley 1999
The Readers Digest Great World Atlas
The Times Atlas of the World - Concise edition 1995
The Vineyards of England . Stephen Skelton 1989
The Wine Atlas of Spain.Hubrecht Duijker 1992
The Wine Country. Enoteca Italiana 1993
The Wine Routes of Argentina. A. Young 1998
The Wines and Vineyards of New Zealand. M.Cooper 1984
The Wines of France. C Coates 1992
The Wines of Spain and Portugal. Mc Whirter K. and Metcalfe C. 1991
The Wines of Spain. Jan Read 1982
The World Atlas of Wine. Hugh Johnson 1994
Touring in Wine Country Northwest Italy. M Ashley 1997
Touring in Wine Country Tuscany. M Ashley 1998
Vines Grapes and Wines. Jancis Robinson1986
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:

Vintage Canada. Tony Aspler 1995
Where the Great German Wines Grow. Ambrosi H. 1976
Wine Atlas and Dictionary - Germany . Hans Ambrosi 1976
Wine Atlas of Australia and New Zealand. James Halliday 1991
Wine Atlas of California. J Halliday 1993
Wine Companion – Hugh Johnson 1997
Wine Grape Varieties CSIRO. G. Kerridge, Allan Antcliff 1999
Wine Industry Directory- The Australian and NZ. Winetitkes 2001
Winegrowing in Eastern America. L.T. Morton 1985
Wineries of New South Wales and Northern Victoria. Dept. Tourism Sydney NSW
Wines of Italy. B. Anderson 1999
Yarra Valley Wine Growing. Vineyards of the Yarra Valley Wine Growers Association 1988
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Appendix 5 - Approved Research Paper Proposal
Candidate Number: 16690
Date: 27/12/14

Proposed Title: The Quantification of the Variability of Mesoclimates among Important
Vineyard Regions in Israel

Define the subject of your Research Paper and specify the research questions you plan to
pursue:
(approximately 150 words)
The research will examine meso- climates of all important vineyard regions in Israel. A
comparison of vineyards temperature indices will be done in order to evaluate the extent of
variability that exists, and whether there is a considerate variability in mesoclimates in the
vineyards in Israel, or the variability is minor and all wine regions could be considered as one
climatic region.
In addition, a comparison of the climate indices in specific vineyards will be compared with
other important wine regions of the world (homoclime analysis), in order to discover which
are the most successful varieties grown (in total area of plantings) in regions with a similar
climate to Israel vineyards.
Research questions:
1) Is there a major difference in climate indices (Growing Degree Days, Vapor Pressure
Deficit, Heat Stressfulness Index) between and within important vineyard regions in
Israel (Golan Heights/Galilee/Judean Hills/Binyamina)?
2) What are the important varieties grown in other regions in the world that possess
similar indices data?

Background and Context:
Explain what is currently known about the topic and address why this topic
requires/offers opportunities for further research.
(approximately 200 words)
Israel's wine industry has a long history going back thousands of years. However, the modern
history of wine is very young; many vineyard regions are less than two decades old. Today,
the total area planted of vineyards is 5000 hectares. Mesoclimate studies of Israeli vineyard
areas have never been done. Climate is a key component of terroir, (Gladstones 2004, Jones
2010, van Leeuwen 2004). Gaining knowledge through analysis of the climatic conditions in
important vineyard regions, and comparing grape varieties grown in these regions with other
wine regions of the world, will assist in better understanding of the local terroir and assist in
future plantings.
It is possible that the data of the classic temperature indices such as Winkler's Growing Degree
Days, will not show a major variability among vineyard areas in Israel, while other, less
explored indices, such as the number of hours above 30 degrees during the later phase of the
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growing season, and Vapor Pressure Deficit index will show major differences. This may
explain the vineyard areas observed variability. Therefore, it is possible that this research will
give additional tools for understanding the climatic aspects of vineyards in a warm and
irrigated region such as Israel.
The research will focus on the climate aspect of terroir. Other aspects of terroir are out of this
research scope.

Sources:
Identify the nature of your source materials (official documents, books, articles, other
studies, etc.) and give principle sources if appropriate.
(approximately 100 words)
The source of climatic data from 10 meteorological stations selected according to their
relevance (location very close to a vineyard in a major vineyard area). The 10 stations give a
good coverage of all important wine regions in Israel (Golan Heights/Galilee/Judean
Hills/Binyamina).
Important books covering the current understanding of climate influence on wine quality:
"Wine, Terroir and Climate Change", Gladstones 2011.
"Viticulture", Dry and Coombe 2005
"Wine Science", Jackson 2014
Important studies covering research of climatic indices in other vineyard regions and climate
influence on wine quality include
"Influence of Temperature on Composition and Quality of Grapes", Coombe 1987"
"Climate Influences on Grapevine Phenology, Grape Composition, and Wine Production and
Quality for Bordeaux, France", Jones 2000
"Influence of Climate, Soil, and Cultivar on Terroir", van Leeuwen 2004
"A Multicriteria Climatic Classification System for Grape-growing Regions Worldwide",
Tonietto 2004
"Spatial Analysis of Climate in Winegrape Growing Regions in the Western United States",
Jones 2010
"Harvest Dates, Climate, and Viticultural Zoning in Greece", Anderson 2012
"Climate Drivers of Red Wine Quality in Four Contrasting Australian Wine Regions", Soar
2008
"Spatial Analysis of Climate in Winegrape-growing Regions in Australia", Hall 2010

Research Methodology:
Please detail how you will identify and gather the material or information necessary to
answer the question(s) and discuss what techniques you will use to analyze this
information.
(approximately 350 words)
A ten-year climatic data (from the years 2004-2013) will be based on data gathered from 10
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meteorological stations located near vineyards in Israel. The data is available through the
Agriculture Department in Israel. Some stations that are based in vineyards are owned by
wineries, such as the Golan Heights Winery, in important regions such as the Golan Heights
and the Northern Galilee and will be provided by them. All data gathering from stations will
be collected in fully consistent way under the same methodology.
Gathering classic climate indices such as GDD (Growing Degree Days) will be calculated
after the gathering of the climatic data from the stations. It is possible that the GDD index will
not show a significant variability among wine areas in Israel since Israel has a warm spring
and early summer that may not be as an important factor on wine quality and character (phase
1 of growing season). Hence, other indices, such as number of hours above 30 degrees, and
the VPD (Vapor Pressure Deficit) index, during the last period before harvest, will be also
evaluated to show the amount of variability that exists during later phases of growth.
Homoclime analysis, finding wine regions with similar climate indices (such as GDD) as
selected vineyards in Israel, will be performed with the guidance of Dr. Richard Smart who
has database available for such analysis. Climatic statistics of different wine regions that are
published in books and studies mentioned above will be also used for this comparison. For
comparison of indices that are less explored and no published data is available, such as the
VPD and the number of hours above 30 degrees in later phases of ripening, statistics of other
world wine regions will be gathered and calculated under the same methodology.
In order to compare statistics about grape varieties grown in the homoclimes, figures of the
total area planted - will be gathered from generic bodies of the regions, or from studies
published about the regions. The statistics of grapes planted in Israeli regions are gathered by
the Israeli Wine Board. The statistics are open to the public.

Potential to Contribute to the Body of Knowledge on Wine:
Explain how this Research Paper will add to the current body of knowledge on this subject.
(approximately 100 words)
Mesoclimate studies of Israeli vineyard areas have never been done.
The Committee of Standardizations in Israel is currently in the process of updating the map of
the grape-growing regions. Knowledge of the climate variation among the regions will assist
in forming a more accurate map.
Identifying the successful varieties grown in homoclimes, will give growers and winemakers
information about potentially better suited varieties than currently planted, and assist in
making more educated choices in future plantings.
In addition, knowing the climate indices of the different mesoclimates may assist in irrigation
and canopy management decisions.
Evaluating other climatic indices, other than the classic one of GDD, may show a better
understanding of which climatic aspects have an important influence on wine quality in
regions with warm springs.

Proposed Time Schedule/Programme:
This section should provide a summary of the time schedule for the research, analysis
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and write-up of the Research Paper and should indicate approximate dates with key
deliverables.
(approximately 100 words)
The key deliverables and approximate schedule for the research are:
a) A map showing comparative analysis of climate indices of vineyards in Israel– Feb
2015
b) Tables showing comparative analysis of climate indices of vineyards (meteorology
stations) – Jan 2015
c) Tables with homoclime analysis showing wine regions of the world with similar
climate indices to Israel's vineyards. – Feb 2015
d) Tables comparing varieties of homoclimes and Israel vineyards – Feb 2015.
Research on the important climate indices in warm climates, the importance of climate within
terroir, and statistics on Israeli plantings will be done by Feb2015.
Following the gathering of the data, the analysis and write up will be done by May 2015.

119

