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Abstract

Grape harvest dates have been recorded in many European locations for several cen-
turies, and potentially contain important information about past climate. In this study,
we systematically analyse the relationship of grape harvest dates recorded in the Bur-
gundy region (France) with different climate data sets in order to understand the con-
nection between climatic conditions and the time of harvest. The results point to a
primary dependence of the grape harvest on the temperature from April to August.
The strength of this connection depends on the winter to summer temperature rela-
tionship and increases over the last 100 years. The grape harvest date is also related
to the winter temperature. This connection is non-stationary on interannual, but sta-
ble on decadal-to-multidecadal time scales. Therefore, the grape harvest date can be
used for independent reconstructions of local April-to-August temperature on interan-
nual time scales as well as remote winter temperature on decadal-to-multidecadal time
scales.

1 Introduction

To understand climate variability, it is important to obtain climate information reaching
back further than the instrumental period, covering the last two centuries. Besides
some scattered historical recordings, the only possibility to gather this information is
given by so-called proxy data, which do not display any direct information on climate
variables but are closely related with the latter.

A particular proxy data set is the annually varying grape harvest date (GHD). GHDs
have been documented in many European locations for several centuries and are
strongly linked with temperature conditions (Jones, 2003; Chuine et al., 2004; Meier
et al., 2007). Thus, the GHD can be possibly used for temperature reconstructions.
But there are a few limitations due to non-climatic impacts on the GHD, which have to
be taken into account, e.g. plant diseases or changes in viticulture techniques, varieties
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and wine types (Meier et al., 2007; Garcia de Cortazar-Atauri et al., 2010). Further-
more, missing years of observation can be a problem. Hence, the data quality differs
from place to place. In some cases, the data are only sufficient for qualitative analysis
like in the Czech Republic (Brazdil et al., 2008). In the case of Besangon (France), ar-
guable dates could be identified and discarded in order to build a climatic GHD series
(Garnier et al., 2010). In the case of the Burgundy region in France, several homo-
geneous GHD series are available and are combined to one GHD series to reduce
non-climatic impacts (Chuine et al., 2004).

Despite these difficulties, GHDs have been used for several temperature recon-
structions mainly for the spring and summer temperature. Chuine et al. (2004) re-
constructed April-to-August temperature in France using a process-based phenology
model. Meier et al. (2007) used linear-regression to reconstruct Swiss April-to-August
temperature. GHD series were applied for bi-proxy (Etien et al., 2008) and multi-proxy-
reconstructions (Etien et al., 2009; Guiot et al., 2005; Mann et al., 2008) as well as
for checking other reconstructions (Brazdil et al., 2010; Masson-Delmotte et al., 2005).
The GHD was also taken into account to discuss the summer heatwave in 2003 (Chuine
et al., 2004; Menzel, 2005; Garcia-Herrera et al., 2010; Keenan, 2007).

Besides the spring and summer temperature dependence another interpretation of
the GHD was given by Souriau and Yiou (2001), who found a relationship to the North
Atlantic Oscillation (NAO). A different approach to analyse the GHD was performed by
Schleip et al. (2008), who used the Bayesian analysis to detect nonlinearities within
the GHD series. Thereby, the June temperature was found to be most important for the
GHD.

In this study we focus on the climatic impacts on the GHD during the instrumental
period. Therefore, we give a systematic approach by analysing field correlations of
several data sets with the GHD series in Burgundy (France) from Chuine et al. (2004).
In contrast to other studies, we obtain spatial information about the correlation. Thus,
we are able to explain the connection of the GHD with patterns of climate variability.
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2 Methods and data

The GHD series (Fig. 1) is taken from Chuine et al. (2004) and covers the period
from 1370 to 2003, except for the year 1978. It is based on the GHD series from
Le Roy Ladurie (1983). The GHDs were recorded in 18 cities and villages in the Bur-
gundy region in France. The Dijon series is defined as reference because it is the
longest series. The other 17 series were standardised that they present the same av-
erage harvest date as the Dijon series. The final GHD series presents the median date
for each year of all 18 series (for detailed description see Chuine et al., 2004). As the
Dijon series is the reference series, we mark Dijon in the resulting correlation maps.
Non-climatic impacts on the GHD are discussed by Garcia-Herrera et al. (2010); Meier
et al. (2007) and Souriau and Yiou (2001). As we primarily analyse the instrumental
period, we assume that the GHD is first of all driven by the climate in this period.

We analyse the relationship of the GHD series with several gridded climate data
sets. Monthly instrumental data (0.5°x0.5°) of near surface temperature, precipitation
and total cloud cover are taken from the Climate Research Unit (CRU) (Mitchell et al.,
2003) and cover the years from 1901 to 2002. A monthly historical sea level pressure
(SLP) data set (5°x5°), covering the time from 1899 to 2007, is taken from Trenberth
and Paolino Jr. (1980). Furthermore, the monthly sea surface temperature (SST) data
set from Kaplan et al. (1998) is used. We also test several reconstruction data sets:
near surface temperature (0.5°x0.5°) from 1500 to 2002 (Luterbacher et al., 2004),
SLP (5°x5°) from 1659 to 1999 (Luterbacher et al., 2002) and precipitation (0.5°x0.5°)
from 1500 to 2000 (Pauling et al., 2006).

The missing value for the year 1978 is excluded in the correlation process except
when using filtered data. Lagged GHD series are used, when we examine if earlier
years have an influence on the GHD. To test the significance of the correlation, we apply
a double-sided significance test based on a t-distribution (von Storch and Zwiers, 1999)
with p<0.05. As the GHD series yields no memory and has a nearly white spectrum, no
correction for reduced temporal degrees of freedom had to be made. In the correlation
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maps, areas of local significant correlation are shaded.

The running correlation is computed, if the stability of the correlation over time is
analysed. Therefore, we choose a 50-year time window which moves by one-year
steps through the whole time period. It is known that stochastic fluctuations can lead to
large variations in correlations between two time series (Gershunov et al., 2001; Sterl
etal., 2007). Hence, we use the Monte Carlo procedure described by Sterl et al. (2007)
to test the significance of the variations of the correlation through time.

In certain analyses, we use a low-pass filter prior to the correlation analysis. In these
cases, the significance of the correlation is established using Monte Carlo experiments
in which the same filter is applied on surrogate time series (N=5000).

3 Results
3.1 Spring and summer relationship

We correlate the GHD series (Chuine et al., 2004) with the near surface temperature
from CRU (Mitchell et al., 2003). The results for the European region for all four sea-
sons are shown in Fig. 2.

There is no noteworthy correlation in boreal winter (average temperature for Decem-
ber, January and February (DJF)). Only some regions in Ireland, Spain and Morocco
show a significant correlation. In spring (MAM) a highly negative correlation of up to
©0=-0.6 can be detected across Europe. The minimum lies over Southern France. With
growing distance from Southern France, the correlation gets weaker. Nevertheless, the
significant area spans over nearly the whole area of Europe. A similar picture occurs
for the summer (JJA). Here the negative correlation is even stronger. Compared with
spring, the significant area is shifted to the south-west. There is no significant positive
correlation either. In autumn (SON) as well as in winter there are hardly any significant
areas. The maximum correlation is below |0|=0.35. A common feature shared by all
four maps is a negative correlation across Europe, which is rather small in autumn and
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winter and very high in spring and summer. Field correlations with the reconstructed
temperature data set from Luterbacher et al. (2004) yield similar results with highly
negative correlation in spring (MAM) and in summer (JJA) (not shown).

A detailed analysis of individual months indicates that the most important time for
the GHD is the period from April to August. In Fig. 3a we correlate the GHD series
(Chuine et al., 2004) with the average April-to-August near surface temperature from
CRU (Mitchell et al., 2003). There is almost the same signature as for spring (MAM)
and summer (JJA) in Fig. 2, but the correlation is even higher. The maximum of the
correlation is located over the Burgundy region (0=-0.8). The correlation with the
reconstructed averaged spring and summer temperature from Luterbacher et al. (2004)
yields slightly lower values (0=-0.7) (not shown).

To investigate if the correlation is stable over time during the instrumental period,
we calculate the running correlation of the GHD series with an index of the April-to-
August temperature over France (5.5°W to 6° E; 42° N to 51.5° N). The length of the
time window is chosen to 50 years. The correlation coefficient decreases evenly from
p=-0.6 centred at 1925 to p=-0.85 centred at 1975 (Fig. 3b). This difference is
significant (p<0.01).

Analogies with the temperature correlation can be found in the correlation with data
sets of cloud cover and precipitation in JJA from CRU (Mitchell et al., 2003) as well as
with SLP according to Trenberth and Paolino Jr. (1980) (Fig. 4). The correlation maps of
cloud cover (Fig. 4a) and precipitation (Fig. 4b) are very much alike with a local positive
correlation. In contrast, SLP is negatively correlated with the GHD series (Fig. 4c).
The analysis of reconstructed SLP (Luterbacher et al., 2002) and precipitation (Pauling
et al., 2006) yield similar results.

The analysis of the relationship of the GHD series with the SST (Kaplan et al., 1998)
shows that the water temperature surrounding the European continent is highly corre-
lated with values up to p=-0.7 (Fig. 5). This signature is analogue to the temperature
correlation and exists in all four seasons, but with lower correlation values (DJF: see
Fig. 9a; MAM and SON: not shown).
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Furthermore, we detect a pattern with positively correlated centres in the tropical
North Atlantic (55° W and 10° N) as well as east of the Labrador Sea (30° W and 60° N)
and negative centres near the east coast of the United States (60° W and 40° N) and in
Europe. This temperature pattern persists in all four seasons (DJF: see Fig. 9a, MAM
and SON: not shown).

3.2 Winter relationship

In the previous section, we detected a strong correlation of the GHD series with the
April-to-August-temperature. In the following, we examine whether data sets in winter
show considerable correlations with the GHD as well. If such a correlation is found,
it does not imply that direct climatic information on winter is contained in the GHD.
The winter season might also have an indirect impact on the grape-vine by influencing
the temperature in the period from April to August, to which the vine is closely related
(Fig. 3).

To investigate this, we correlate every data set that we examine additionally with
the time series of the April-to-August temperature (AAT). The time series is created
by averaging the AAT over the region of France. It is the same index that is used for
the running correlation in Fig. 3b, but with reversed sign for better comparison with the
GHD series. Only in case of a notable difference between the correlations of the ATT
time series and the GHD series, it is likely that the GHD contains direct information on
the winter.

Now, we analyse the outcome where the GHD series and the lagged GHD series
(one-year and two-year lag) is used so that we were able to determine the influence
of previous winters as well. The relationship of the GHD with winter near surface
temperature (Mitchell et al., 2003) is shown in Fig. 2a. All of Europe is correlated
slightly negative. Only Asia Minor has a slightly positive correlation. The correlations
of one- and two-year lagged GHD series with winter temperature yield nearly identical
patterns (Fig. 6). The correlation over Europe, especially over France, is slightly higher
with lag than without lag. The corresponding correlations of the AAT time series (not
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shown), with or without lag, do not show considerable differences from the correlations
of the GHD series described here.

If the total period is partitioned and the correlation is calculated for the single time
sections, a remarkable picture appears: the relationship of the GHD and the winter
temperature seems to be strongly time-dependent. In the time section from 1901 to
1947, the entire European mainland is positively correlated (Fig. 7b). By contrast, in
the time period from 1948 to 2002, all of Europe has a strong negative correlation
(Fig. 7c). The patterns of the individual time sections are thus opposed. The rela-
tionship of the AAT time series with the winter temperature shows a similar behaviour
(not shown). The time-dependence of the relationship is statistically significant in both
datasets (p<0.01, running correlation, 50 year window).

In Fig. 8, the correlation of the SLP (Trenberth and Paolino Jr., 1980) with the GHD
series is shown for different time sections. For the total time period from 1899 to 2003
(Fig. 8a), a weak dipole pattern can be discerned: the boundaries between positive
correlation in the north and negative correlation in the south run mostly between 40° N
and 60° N. The results with lagged GHD series (one- and two-year) for the total time
period are characterised by similar pattern, but with slightly higher correlations (not
shown). The correlations with the AAT time series, with or without lag, do not lead to
any considerable differences (not shown).

As in the case of the temperature the partitioned time sections before and after 1948
are opposed (Fig. 8b,c). A pattern similar to the one obtained for the total period (1899
to 2003) appears from 1948 to 2003 (Fig. 8c), however, with a considerably stronger
correlation. In contrast, the pattern in the period from 1899 to 1947 shows a negative
correlation in the north and a positive correlation in the south (Fig. 8b).

The correlation of the GHD series with the winter SST (Kaplan et al., 1998) for the
time period from 1901 to 2002 is shown in Fig. 9a. A pattern is visible, which exists in
all four seasons and is described in Sect. 3.1. By comparison, the analyses with a lag
of one and two years yield very similar results (not shown). Here, unlike in case of the
previous data sets of temperature and SLP, the correlation with the AAT time series
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visibly differs from the GHD series (not shown). The areas of negative correlation
are substantially more distinct and stronger while the areas of positive correlation are
weaker. The basic pattern, however, remains unchanged.

Between the time sections from 1900 to 1947 and from 1948 to 2003, substantial
differences are also detected (Fig. 9): in the second time section (c), a pattern, resem-
bling that of the total period (a), can clearly be seen. By contrast, practically no pattern
can be discerned in the first time section from 1900 to 1947 (b).

For all examined variables, the results of lagged data (no matter if the lag is one or
two) show quit similar correlation pattern compared to the unlagged GHD series. This
indicates a long term component in the GHD series. Hence, we analyse the decadal-to-
multidecadal relationship using a low-pass filter (10 year cutoff, n=21, finite response
filter).

Figure 10a shows the relationship of the filtered GHD series with the filtered winter
near surface temperature from CRU (Mitchell et al., 2003). All of Europe is negatively
correlated; values of up to p=-0.7 are reached. The highest values are in Central
and Eastern Europe. Western Europe is also still considerably negatively correlated.
Asia Minor is in contrast strongly positively correlated. The correlation of the filtered
AAT time series with the winter temperature clearly deviates from this result (Fig. 10b).
Here, parts of Central Europe exhibit a slightly positive correlation. Especially, the
region of France is positively correlated. Negative correlation can be found mainly in
Northern Scandinavia and in the Baltic countries. In total, only values around p=-0.5
are reached.

4 Discussion

4.1 Spring and summer relationship

The near surface temperature in winter and autumn seems to have a minimal impact
on the GHD (Fig. 2). In contrast, spring and summer temperature are highly correlated
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over Europe. The correlation with averaged temperature from April to August (Fig. 3)
is even higher. The time from April to August coincide with the vine phenology phases
before bloom and before veraison (Jones, 2003). The temperature in this period is cru-
cial for the GHD (Chuine et al., 2004; Meier et al., 2007; Menzel, 2005). In contrast, the
time from veraison to harvest is nearly constant and temperature independent (Chuine
et al., 2004; Garcia de Cortazar-Atauri et al., 2010). This matches with our result that
in autumn no significant negative correlation can be found anymore (Fig. 2d).

Besides the temperature relationship, other data sets are in connection with the GHD
as well. The summer SST of the offshore sea surrounding Europe shows a strong
connection to the GHD. This implies that the GHD is in relationship with large-scale
climate patterns. Furthermore, cloud cover and precipitation are positively correlated
across France in summer, whereas SLP, by contrast, is negatively correlated (Fig. 4).
These three results fit together with the temperature result, because high sea level
pressure, slight cloud cover and slight precipitation are signs of fair weather, and are
thus in connection with high temperature, and vice versa.

The analysis of the spring and summer month leads to very consistent results. The
Burgundy GHD series seems to be well suited to reconstruct the regional and Western
Europe near surface temperature, especially in the time range from April to August
as it has been done in several publications (Chuine et al., 2004; Etien et al., 2008,
2009; Guiot et al., 2005). Furthermore, the GHD series could give an input for SST
reconstruction in offshore areas in summer.

It is noticeable that the spring and summer dependence occurs in all applied re-
construction data sets. Temperature from 1500 to 2002 (Luterbacher et al., 2004),
SLP from 1659 to 1999 (Luterbacher et al., 2002) and precipitation from 1500 to 2000
(Pauling et al., 2006) (all not shown) yield almost similar results compared to the in-
strumental period. This implies that the used reconstructed data sets contain annual
spring and summer variations very well.
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4.2 Winter relationship

If unfiltered, the winter near surface temperature is only weakly correlated with the
GHD series (Fig. 7a). It is remarkable that the one- and two-year lagged GHD series
show a similar correlation pattern (Fig. 6). This implies that there is no conclusive
impact of a particular winter on the GHD, but rather a long-term connection. This is
confirmed by the examination of the low-pass filtered data: the temperature in Europe
is significantly negatively correlated with the GHD series (Fig. 10a). It is important
that, by contrast, the correlation of the April-to-August temperature (AAT) time series
displays obvious differences (Fig. 10b). The long-term connection between GHD and
winter temperature thus seems to exist independently from the AAT. An explanation
for this relationship could be that the vine adapts to the climatic conditions in winter
in the medium term. For example, its development starts earlier after several mild
winters. But it remains open, why the centre of negative correlation is shifted to the
east, in particular the Burgundy region is not significantly correlated. It is likely that
the temperature in winter is not the only long-term impact on the GHD. Further studies
are necessary to investigate all long-term components of the GHD series. Anyway, our
analysis indicates that the GHD can be used for the reconstruction of Eastern Europe
winter temperature on decadal-to-multidecadal time scales (Fig. 10a).

The connection between the GHD and the winter temperature leads to the question,
if there also is a link to the NAO. The correlation map of the GHD series with the
SLP shows only a weak dipole pattern, which slightly looks similar to a NAO-pattern
(Fig. 8a). Likewise, the GHD-SST correlation yields a temperature pattern, which looks
similar to a NAO-SST pattern (Rodwell et al., 1999). It can be seen in all four seasons
and is stronger than expected, considering the SLP pattern (DJF: Fig. 9a; JJA: Fig. 5;
MAM/SON: not shown). This is possibly caused by the temperature memory of the
ocean. Due to mixed layer and the high heat capacity of water, temperature information
lasts over some years (Dietrich, 1957). Thus, the SST has similar characteristics to
filtered data.
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We also analysed the relationship of the GHD and the SLP using filtered data (10
year cutoff low pass filter, not shown). The results point to a long-term connection of the
GHD and the NAO although the interannual relation is non-stationary (Fig. 8). A high
correlation of the filtered series with NAO is described by Souriau and Yiou (2001).
A detailed analysis of this decadal-to-multidecadal relation is beyond the scope of the
present study.

4.3 Stability of the correlations over time

In the winter season the correlations of all examined data sets with the GHD are non-
stationary on interannual time scale. For temperature (Fig. 7) as well as for SLP (Fig. 8),
the results of the period from 1901 to 1947 and the period from 1948 to 2002 are
opposed. For SST (Fig. 9), it is hardly possible to recognise a structure in the first
time section while in the second time section an NAO-like pattern clearly exists. The
non-stationarity of the temperature relationship is statistically significant (p<0.01). All
these differences are also represented by the AAT time series. The correlation with
temperature (statistically significant with p<0.01), SLP and SST show the same abrupt
change in the middle of the 20th century (not shown). Hence, it is very likely that
the non-stationarity of the GHD-winter temperature relationship is caused by the non-
stationary AAT-winter temperature relationship.

Nevertheless, obvious differences between the time periods cannot only be found in
winter. The running correlation of the GHD series with the AAT significantly (p<0.01)
increases from the first to the second half of the 20th century (Fig. 3b). Garcia de
Cortazar-Atauri et al. (2010) found the same variation for the Burgundy GHD series and
for the GHD data set from Paris. Meier et al. (2007) noted an increasing correlation of
the Swiss GHD series with temperature and proxy data sets in the 20th century. Since
several GHD series show this trend, it is very unlikely caused by flaws of the GHD
series. At that, the period of high/low correlation corresponds to the non-stationarity
in the winter season. For this reason, we propose the following connection between
the winter non-stationarity and the spring-summer variation: if warm (cold) winters
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15

20

and warm (cold) spring-summers coincide, the GHD-AAT relationship is stronger. This
happened in the second half of the 20th century. If warm (cold) winters and cold (warm)
spring-summers coincide, the GHD-AAT relationship is weaker. This occurred in the
first half of the 20th century. In other words, a positive correlation of winter and spring-
summer temperature enhances the GHD-AAT connection.

5 Conclusions

The aim of this work was to identify the climatic information contained in the grape
harvest date of the Burgundy region. By analysing spatial correlations with several
data sets we found three main results:

Firstly, the April-to-August temperature has the largest influence on the harvest date. In
large parts of Europe, the correlation with the grape harvest date reaches high negative
values (up to p=-0.8). This agrees with our intuition: warm weather causes an early
harvest. Furthermore, the time period from April to August corresponds exactly to
the vine’s temperature-sensitive developmental phases. This relationship is confirmed
by other data sets, which are in connection with temperature, e.g. total cloud cover,
precipitation and sea level pressure. These results justify a reconstruction of the mean
April-to-August temperature.

Secondly, the April-to-August temperature is not the only climatic information that
is contained in the grape harvest date. We found a long-term impact of the winter
temperature on the grape harvest date, which is independent of the April-to-August
temperature. The long-term evolution of regional temperature and grape harvest date
are related to the NAO, which is most likely due to long-term memory of the winter sea
surface temperature on regional climate.
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Thirdly, the interannular relation of the GHD to the winter temperature shows a strong
non-stationarity, which is caused by the non-stationary relationship of winter to summer
temperature. This also affects the correlation of the grape harvest date and the April-
to-August temperature: a weaker relationship is detected prior to the forties.

To summarise, the grape harvest date contains substantial climatic information and is
well-suited to reconstruct the interannual variations of the April-to-August temperature.
It can also supply long-term information of the winter temperature in Central Europe.
The temporal variations of the correlations over time should be taken into account for
reconstructions.
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Fig. 1. GHD series (Chuine et al., 2004) of the Burgundy region in France from 1370 to 2003 (in
days since 1 September). The last 100 years were stretched in order to give a better overview
on trends and variability of the time series.
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Fig. 2. Correlation of the GHD series (Chuine et al., 2004) with the near surface temperature
(Mitchell et al., 2003) across Europe for all 4 seasons (period from 1901 to 2002). Areas of

significant correlation are shaded (p<0.05).
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Fig. 3. Correlation of the GHD series (Chuine et al., 2004) with averaged April-to-August tem-
perature (Mitchell et al., 2003). The period ranges from 1901 to 2002. (a) Field correlation
(Areas of significant correlation are shaded (p<0.05).) (b) Running correlation with an index
over France (5.5° W to 6° E; 42° N to 51.5° N). Length of time window is chosen to 50 years.

1543

Jadeq uoissnasiq | Jadeq uoissnosi(

Jaded uoissnosiqg

u“\
| ““\ ““\ ““\

Jaded uoissnosiqg

6, 1525-1550, 2010

Climate signatures of
grape harvest dates

Krieger et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

() ®


http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1525/2010/cpd-6-1525-2010-print.pdf
http://www.clim-past-discuss.net/6/1525/2010/cpd-6-1525-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/

Jaded uoissnosiqg

9
7
o
) 05 c
0 ? : 04 %
7 . 03 6 .
e 02 = Title Page
60 *
: 0.1 -U
5, 3 .
0 0 ° Abstract Introduction
-0 Q
-0.2 .
404 . s . Conclusions References
i -04
30 -05 Tables Figures
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summer (JJA). Areas of significant correlation are shaded (p<0.05).
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Fig. 5. Correlation of the GHD series (Chuine et al., 2004) with the sea surface temperature
from 1856 to 2003 (Kaplan et al., 1998) in summer (JJA). Areas of significant correlation are

shaded (p<0.05).
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Fig. 7. Correlation of the GHD series with the winter near surface temperature (Mitchell et al.,
2003). Different time periods are correlated: (a) total period from 1901 to 2002, (b) 1901 to

20

1947, (c) 1948 to 2002. Areas of significant correlation are shaded (p<0.05).
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Fig. 9. Correlation of the GHD series with the SST from Kaplan et al. (1998) in winter (DJF).
Different time periods are correlated: (a) total period from 1901 to 2002, (b) 1901 to 1947, (c)

1948 to 2002. Areas of significant correlation are shaded (p<0.05).
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Fig. 10. (a) Correlation of the GHD series with the winter near surface temperature (Mitchell
et al., 2003). (b) Correlation of the AAT time series with the winter temperature (Mitchell et al.,
2003). All data were low-pass filtered (10 year cutoff). The period ranges from 1901 to 2002.
Areas of significant correlation are shaded (p<0.05).
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