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Summary

Verbal vintage descriptions in a historical wine 
chronicle (809-1904) of the Luxembourgish winegrow-
ing region were assigned to five wine quality and three 
wine quantity classes. To calibrate models describing 
the impact of the seasonal heat consumption on wine 
quality and quantity, instrumental records from Lux-
embourg-City in a reference period (1854-1885) and 
the associated vintage quality and quantity classes were 
correlated. Dummy regression models showed, that in 
the reference period the wine quality classes assigned 
were significantly correlated with the annual modified 
heliothermic index values (representing the heat con-
sumption) (R2

adj.= 0.55, p = 0.0002); whereas, the incor-
poration of the wine quantity as additional predictor 
variable did not significantly improve model output. 
Based on linear correlations between annual ther-
mal conditions and wine quality descriptions, average 
April-September temperatures were reconstructed for 
the period 1200-1904. Running averages calculated us-
ing LOESS smoothing showed that periods with cooler 
and warmer climatic conditions alternated in the past 
centuries. Even though a precise reconstruction of the 
annual temperature conditions solely based on vintage 
descriptions is not possible due to the broad set of po-
tentially interfering effects, long-term climatic trends 
described in the literature such as the Medieval Climate 
Optimum and the Little Ice Age could be retrieved. 

K e y  w o r d s :  climate change; climate of the past; heat 
consumption; historical climatology; viticulture; wine chronicle; 
wine quality.

Introduction

Systematic daily instrumental meteorological observa-
tions started in Europe in the 17th century (so-called Man-
ley series in England beginning 1659 (StorchMann 2005)) 
and in Luxembourg in the 19th century (observations in 
Luxembourg-City beginning 1838 (DrogUe et al. 2005)), 

respectively. For the periods prior to these first notations no 
direct information on the past climatic conditions is avail-
able. However, for the classification of present climate and 
its variability, information of climatic conditions prior to 
systematic notations is of highest interest especially in 
climate change research (Koch et al. 2009, SantoS et al. 
2015).

To overcome the temporal limitations of systematic 
instrumental climatic records, mainly biological and doc-
umentary proxy records ("proxies") retrieved from tree 
rings, corals, ice cores, pollen assemblages, sediments 
(Koch et al. 2009, gUiot 2012) or nature observations 
such as memoirs, diaries, chronicles, weather reports or 
logbooks (SantoS et al. 2015) are used as means of histor-
ical climatology. 

Grapevine phenology (e.g. caffarra and eccel 2009, 
Molitor et al. 2014a, Molitor et al. 2014b) and har-
vest dates (e.g. chUine et al. 2004, Mariani et al. 2009, 
Meier et al. 2007, KiSS et al. 2011, Krieger et al. 2011, 
Koch et al. 2009) are highly determined by temperature 
conditions. Furthermore, investigations of hUglin (1978) 
showed that the grape (Vitis vinifera) sugar content, a pa-
rameter describing the maturation status, is strongly cor-
related (0.80 < r < 0.91) with temperature conditions be-
tween April, 1 and September, 30 (northern hemisphere). 
The dependence of grape development on climatic condi-
tions is particularly pronounced close to the climatic fron-
tiers of viticulture (BrazDil et al. 2008, Koch et al. 2009). 
Hence, records of grape maturation, phenology and harvest 
dates might be used for reconstructions of the temperature 
conditions in the past (Koch et al. 2009). 

Analyses of BrazDil et al. (2008) as well as of Storch-
Mann (2005) showed that the historical descriptions of 
wine quality are highly influenced by the weather condi-
tions in the corresponding season. Consequently, BrazDil 
et al. (2008) proposed that the relations between wine 
quality and quantity notes and climatic conditions could 
build an additional proxy to reconstruct the temperature 
conditions in past times. However, neither BrazDil et al. 
(2008) nor StorchMann (2005) used the correlations ob-
tained between the annual climatic conditions and the wine 
quality or quantity for the reconstruction of pre-instrumen-
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tal climatic conditions. For the Luxembourgish winegrow-
ing region, located at the northern frontier of viticulture 
in Europe (49.46- 49.80°N), such descriptions of vintage 
quality and quantity are recorded in an ancient vintage 
chronicle (anonyMoUS 1937). This chronicle initiates in 
the year 809, which documents the existence of viticulture 
in Luxembourg back to the beginning of the Middle Ages 
(anonyMoUS 1937).

Consequently, present analyses based on this chronicle 
aimed at investigating (i) the impact of the thermal con-
ditions in the summer half-year (April to September) on 
the vintage quality and quantity descriptions and (ii) the 
appropriateness of this information to reconstruct the tem-
perature conditions in Luxembourg in the centuries prior to 
the beginning of systematic weather records. 

Material and Methods

D a t a  s e t s
A )  L u x e m b o u r g i s h  w i n e  c h r o n i c l e 

8 0 9 - 1 9 0 4 :  Historical annual vintage quality and 
quantity descriptions for the Luxembourgish winegrowing 
region during the period 809 to 1904 were compiled by 
anonymous authors in honour of the 25th anniversary of 
the Luxembourgish Viticulture Federation in the year 1937 
(anonyMoUS 1937). A view into this chronicle is given in 
Fig. 1.  Especially in the Middle Ages vintage descriptions 
were recorded discontinuously, whereas, more regular no-
tations exist since the 14th century. In total, 427 notations 
concerning the vintage quality and 300 notations concern-
ing the vintage quantity were available (Tab. 1). 

Fig. 1: First page of the Luxembourgish wine chronicle 809-1904 (anonyMoUS 1937).
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B )  D a i l y  t e m p e r a t u r e  o b s e r v a t i o n s  i n 
L u x e m b o u r g - C i t y  ( 1 8 5 4  t o  1 8 8 5 ) :  Daily 
based air temperatures of Luxembourg-City (approximate 
distance to viticulture region along the Moselle river: 
10-30 km; see Fig. 2) are available starting in 1854 based 
on the observations of François Reuter (reUter 1867, reU-
ter 1874, reUter 1887, reUter-choMé 1890). Tempera-
ture measurements of François Reuter took place three 
times per day, at 07:30, 12:00 and 19:30. 

C )  T h e  h o m o g e n i z e d  m o n t h l y  t e m -
p e r a t u r e  d a t a  s e t  f o r  L u x e m b o u r g - C i t y 
( 1 8 5 4  t o  2 0 1 0 ) :  Historical instrumental tempera-
ture observations in Luxembourg-City originating from 
different positions inside Luxembourg-City and different 
sources were compiled and homogenized by DrogUe et al. 
(2005) to the "homogenized monthly temperature data set 
for Luxembourg-City". In this data set, processed and ho-
mogenized monthly average temperatures are available for 
the time frame 1854 to 2010.

C a l c u l a t i o n  o f  t h e  m o d i f i e d  h e l i o -
t h e r m i c  i n d e x :  According to the concept of the so 
called "Mannheimer Stunden / Mannheim hours" (fricKe 
1997), evening temperatures are considered twice in the 
approximation of the daily average temperature in case 
temperatures are recorded three times per day. Following 
this approach, in the present investigations daily average 
temperatures (Tav) were calculated based on the available 
temperature records of François Reuter as 

Tav = (T07:30 + T12:00 + T19:30 + T19:30) / 4  (1)

where Tav is the daily average temperature, T07:30 the tem-
perature at 07:30, T12:00 the temperature at 12:00 and T19:30  
the temperature at 19:30. 

Applying equation (1), it needs to be considered that 
calculated daily average temperatures are an approxi-
mation, which might be generally biased due to the time 
points of temperature records.

Adapting the heliothermic index proposed by hUglin 
(1978)) to the available data, the modified heliothermic in-
dex describing the temperature conditions in the summer 
half-year (1st of April to 30th of September) was calculat-
ed for every year in the time frame 1854 to 1885 (reference 
period) using the following equation (2):

 
      (2)

where HImod is the modified heliothermic index, Tav is the 
daily average temperature, Tmax is the maximum value of 
the three daily measurements of François Reuter at 07:30, 
12:00 and 19:30, and k is the coefficient for the day length. 
Following hUglin (1978), k was fixed for the Luxembour-
gish winegrowing region (49.46-49.80°N) to 1.06. 

In the event that the daily value of the HImod yielded a 
negative number, it was set to 0.0 as described by Baciocco 
et al. (2014). Due to the deviating input parameters (i.e. 
daily maximum temperature not necessarily equalling the 
maximum of the three temperature measurements) the val-
ues of the modified heliothermic index cannot be directly 
equated with the value of the heliothermic index according 
to hUglin (1978).

 T r a n s f e r  o f  v e r b a l  d e s c r i p t i o n  i n t o 
q u a l i t y  a n d  q u a n t i t y  c l a s s e s :  Verbal descrip-
tion of all vintages were compiled and assigned to 5 quality 
classes (1-5) and 3 quantity classes (1-3). Original descrip-
tions, English translations as well as classes assigned are 
given in Tabs 2 and 3. In case no vintage quantity was not-
ed, quantity was assumed being average. In this case, the 
respective season was assigned to quantity class 2.

Fig. 2: Map of the present expansion of the Luxembourgish 
winegrowing region and the administrative borders of Lux-
embourg-City, the location of the temperature observations of 
François Reuter.

T a b l e  1

Number of notations in the different centuries 
concerning vintage quality and quantity in 
the Luxembourgish wine chronicle 809-1904 

(anonyMoUS 1937)

Time frame
 

Number of notations
Quality Quantity

809-899 2 2
900-999 1 2

1000-1099 2 2
1100-1199 11 9
1200-1299 15 16
1300-1399 23 20
1400-1499 41 40
1500-1599 71 71
1600-1699 80 51
1700-1799 83 18
1800-1899 93 64
1900-1904 5 5

Total 427 300
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M o d e l  c a l i b r a t i o n :  The period 1854-1885 
(1854: initial records of François Reuter, 1886: first ob-
servation of grape downy mildew in Luxembourg (anon-
yMoUS 1937)) was selected as reference period for model 
calibration. Modified heliothermic index values in the ref-
erence period as well as vintage quality and quantity class-
es are given in Tab. 4.

The years 1866 (incomplete or implausible tempera-
ture records), 1872 (incomplete or implausible tempera-
ture records), 1873 (nothing harvested) and 1880 (severe 
frost damage) were excluded in model calibration. In total, 
28 data sets were available for wine quality, 24 for wine 
quantity and 24 for both wine quality and quantity.

A linear regression model was used to regress the two 
predictor variables, wine quality and quantity, against the 
modified heliothermic index values. Since both predictors 
represent categorical rather than numerical information, 
they were internally coded as dummy variables for the re-
gression. Here, a k-category classification is represented 
by introducing k-1 dummy variables. Each dummy var-
iable takes the values 1 or 0 to indicate the presence or 
absence of categorical effects. A value of 0 causes that the 
regression coefficient for that category has no influence on 
the dependent variable, whereas a value of 1 modifies the 
offset of the regression model for the respective category. 

Two different calibration models were calibrated: The 
first model includes only the wine quality as predictor var-
iable; the second model comprises both predictor variables 
(wine quality and quantity).

Statistical fit of both models was evaluated in terms 
of adjusted coefficients of determination (R2 

adj.) and leave-
one-out cross validation. Based on the analysis of the resid-
ual plot and the Cook’s distance, which is commonly used 
to measure the influence of individual data points in the 
regression model, one year (1869) was treated as an outlier 
and excluded from further analysis. 

R e c o n s t r u c t i o n  o f  p a s t  c l i m a t i c  c o n -
d i t i o n s :  Based on the best fitting model equations ob-
tained to simulate the modified heliothermic index, annual 
index values were computed for the period 1200 to 1904. 

Measured modified heliothermic index values in the 
reference period (1854-1885) were plotted against the re-
corded average temperatures in the period April to Sep-
tember originating from the homogenized monthly tem-
perature data set for Luxembourg-City of the respective 
years (DrogUe et al. 2005). Based on the obtained linear 
regression function, April to September average temper-
atures were re-calculated for the reconstruction period 
(1200-1904).

Running averages of both the reconstruction series 
(1200-1904) as well as the homogenized temperature data 
set for Luxembourg-City (1854-2010) were calculated 
using locally weighted scatterplot smoothing (LOESS; 
smoothing parameter: 0.1) and plotted against time (years 
1200 to 2010). 95 % confidence levels of each prediction 
were smoothed in the same way (LOESS function).

C o m p a r i s o n  w i t h  o t h e r  c l i m a t e  r e -
c o n s t r u c t i o n s :  To test their plausibility annual April 

T a b l e  2

Original descriptions of vintage quality for the Luxembourgish winegrowing region according to anonyMoUS (1937), 
English translations, as well as quality classes assigned

Original description English translation Quality 
class

Sehr schlecht, essigsauer, über die Massen sauer, so sauer, 
hart und sauer 

Very poor, acetic, sour beyond measure, so sour, hard and 
sour 1

Schlecht, recht sauer, geringer Wein, mittelschlecht, recht 
schlecht Poor, really sour, little wine, medium poor, really poor 2

Mittelmäßig, trinkbar, brauchbar, erträglich Moderate, drinkable, useable, tolerable 3
Gut, ziemlich gut, sehr trinkbar, recht gut Good, quite good, very drinkable, really good 4

Sehr gut, herrlich gut, delikat, köstlich, kostbar gut, 
Jahrhundertwein, (ganz) vortrefflich, extra gut

Very good, superb, fine, exquisite, sumptuous, wine of 
the century, (simply) excellent, exceptionally good 5

T a b l e  3

Original descriptions of vintage quantity for the Luxembourgish winegrowing region according to anonyMoUS (1937), 
English translations, as well as quantity classes assigned

Original description English translation Quantity 
class

Sehr wenig, fast nichts, fast kein Wein, 1/8 Herbst, wenig, 
ziemlich wenig, 1/3 Herbst, kaum ½ Herbst, ¼ Herbst, 

Very little, almost nothing, hardly any wine, 1/8 harvest, 
Little, quite little, 1/3 harvest, barely ½ harvest, 
¼ harvest

1

Mittelmäßig, ½ Herbst, 2/3 Herbst, nahezu ¾ Herbst, 
mittleres Jahr 

Moderate, ½ harvest, 2/3 harvest, almost ¾ harvest, 
medium vintage 2

Viel, ziemlich viel, ¾ Herbst, mehr wie 2/3 Herbst, gut, 
sehr viel, vollkommener Herbst, voller Herbst

A lot, quite a lot, ¾ harvest, more than 2/3 harvest, good, 
a great deal, complete harvest, full harvest 3
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to September temperature reconstructions were compared 
with the temperature reconstructions for the months April 
to August for Burgundy (appr. 350 km south-west of Lux-
embourg) in the years 1370 to 1904 as well as with the 
reconstructed April to September temperatures for the grid 
point 6.250 °E / 49.750 °O (appr. 15 km west of the Luxem-
bourgish winegrowing region) in the years 1659 to 1904. 
Data sets were provided by Dr. Isabelle Chuine (Burgundy) 
and Dr. Jürg Luterbacher (6.250 °E / 49.750 °O) and rep-
resent raw data of publications by chUine et al. (2004) as 
well as by lUterBacher et al. (2004). April to September 
temperatures for the grid 6.250 °E / 49.750 °O were calcu-
lated as averages of monthly reconstructions. 

Linear correlation coefficients (r) between reconstruc-
tion temperatures of present investigations and the temper-
atures reconstructed by chUine et al. (2004) and lUter-
Bacher et al. (2004), as well as respective p-values were 
computed.

Results and Discussion

Tabs 5 and 6 give the regression coefficients of dum-
my regressions for both models to reconstruct the annual 
modified heliothermic index. Each coefficient represents 
the partial offset from the reference level (quality class 1, 
quantity class 1), which is represented by the global inter-
cept of the model. 

Model results showed, that the annual modified heli-
othermic index value is significantly correlated with the 
wine quality (p = 0.000192), as well as with a combination 
of the wine quality class and the wine quantity class as pre-
dictor variables (p = 0.00118) (Tabs 5 and 6).

T a b l e  4
 

Vintage quality and quantity classes according to 
anonyMoUS (1937) as well as calculated modified 
heliothermic index values in the reference period 
1854 to 1885. * = years not considered for model 

calibration

Year Quality 
class

Quantity 
class

Modified 
heliothermic 

index
1854 2 1 1353.1
1855 3 1 1298.1
1856 2 2 1144.0
1857 5 2 1476.8
1858 4 2 1431.2
1859 4 1 1533.2
1860 1 2 1135.7
1861 5 2 1396.6
1862 4 1 1431.2
1863 4 2 1356.9
1864 3 1 1379.4
1865 5 3 1851.3
1866*
1867 2 2 1409.5
1868 5 2 1836.4
1869 3 2 1624.2
1870 4 2 1431.2
1871 2 2 1386.1
1872*
1873*
1874 4 3 1464.8
1875 4 3 1528.5
1876 4 3 1301.0
1877 2 3 1153.8
1878 3 3 1276.6
1879 1 2 1040.9
1880*
1881 3 2 1207.4
1882 1 2 1047.5
1883 3 3 1210.3
1884 5 3 1346.4
1885 3 1 1219.9

 

T a b l e  5

Regression coefficients (± standard error) obtained by dummy 
regression analysis using only quality class as predictor variable. 
Dependent variable: annual modified heliothermic index value

Factor Value Standard error p-value
Intercept 1074.7 75.6 < 0.00001

Quality class 2 214.6 95.6 0.03521
Quality class 3 190.6 92.6 0.05159
Quality class 4 360.1 88.6 0.00052
Quality class 5 506.8 95.6 < 0.00001

adjusted R2 0.55
p 0.000192

T a b l e  6

Regression coefficients (± standard error) obtained by dummy 
regression using quality and quantity classes as predictor 
variables. Dependent variable: annual modified heliothermic 

index value

Factor Value Standard error p-value
Intercept 1140.6 108.8 < 0.00001

Quality class 2 202.4 100.8 0.0583
Quality class 3 159.3 107.9 0.1556
Quality class 4 345.4 98.0 0.0021
Quality class 5 508.8 101.3 < 0.00001
Quantity class 2 -65.9 76.5 0.3989
Quantity class 3 -70.9 75.8 0.3605

adjusted R2 0.53
p 0.00118

Adjusted coefficients of determination (R2) were 0.55 
for the model based on the quality classes as single pre-
dictor variable and 0.53 for the model based on both, the 
quality class, as well as the quantity class as predictor var-
iables (Tabs 5 and 6). In the combined model none of the 
quantity classes added significant information to the model 
(p > 0.36). An ANOVA confirmed that the two models do 
not differ significantly (F = 0.5, p = 0.61) (Tabs 5 and 6).

Even though weather conditions are generally sup-
posed to impact the annual yield, in fact, the consideration 
of the wine quantity as predictor variable did not improve 
the model performance. Consequently, in the present in-
vestigations only the simple, quality class based model was 
used for the reconstruction of the temperature conditions 
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in the past. Leave-one-out cross validation of this model 
resulted in a coefficient of determination of 0.54. Scatter-
plots between observed and (cross-validated) predicted he-
liothermic index values are depicted in Fig. 3. 

The observed adjusted coefficient of determination be-
tween the modified heliothermic index and the annual wine 
quality of 0.55 suggests that the annual temperature condi-
tions represent the major influence factor on the wine qual-
ity. Potential additional factors that might have affected the 
vintage quality (or its perception by the chroniclers) not 
considered in the regression analysis might consist of (i) 
the annual precipitation and its distribution during the veg-
etation period, (ii) atypical weather conditions (frost, snow, 
hail), (iii) the occurrence of plant diseases or pests (KiSS 
et al. 2011), (iv) the harvest date influenced for example by 
the grape health status (Molitor et al. 2012, Molitor et al., 
submitted), (v) anthropogenic effects, such as health-med-
ical (epidemics, e.g. the plague) or social-political (wars, 
troop movements, mobilisation of grape growers, church 
regulations, infrastructure) impacts (garnier et al. 2011, 
KiSS et al. 2011, MaUrer et al. 2011), (vi) technical im-
provements, (vii) changes in cultural practices, wine styles 
or customers' tastes or (viii) adaptations in grape varieties 
cultivated (MaUrer et al. 2011, garcia De cortazar-ataU-
ri et al. 2010). 

Due to this broad set of potentially interfering effects, 
a precise reconstruction of the temperature conditions in 
a specific season purely based on the vintage descriptions 
is not possible. However, the fact that present annual tem-
perature reconstructions were highly significantly posi-
tively correlated with the reconstructions of chUine et al. 
(2004) and lUterBacher et al. (2004) (Tab. 7) confirmed 
their general plausibility. Correlations coefficients between 
present reconstructions and reconstructions in the literature 
were higher in case of the multiproxy reconstructions of 
lUterBacher et al. (2004) (time frame 1659 to 1904; grid 
point 6.250 °E, 49.750 °N, located close to the Luxem-
bourgish winegrowing region; r = 0.60) than in case of the 
grape harvest date based reconstructions of chUine et al. 
(2004) (time frame 1370 to 1904; Burgundy winegrowing 
region; r = 0.44).

Fig. 3: Leave-one-out cross validation. Scatterplot of observed 
and predicted modified heliothermic index values (based on the 
model using wine quality as single input parameter). Solid line 
represents the linear regression, dotted lines the borders of the 
95 % confidence bands.

Tab. 5 shows that besides quality class "3" all other 
local offsets differ significantly from quality class "1" (5 % 
significance level). In fact, present investigations demon-
strate that under the climatic conditions (reference period) 
in the Luxembourgish wine growing region (located on the 
northern border of viticulture in Europe) a higher heat con-
sumption due to higher temperature conditions during the 
vegetation period was generally linked to a higher wine 
quality. Consequently, present analyses confirm that mod-
erate global warming due to climate change is likely to 
improve the quality of wines of the northern winegrowing 
regions (StorchMann 2005), where the heat consumption 
presently represents a limiting factor for grape maturity. 
In contrast, recent investigations (Molitor et al. submit-
ted) indicate that in case the variety dependent minimum 
demand of heat consumption ensuring full grape maturity 
is already fulfilled a further increase of temperatures does 
not necessarily further improve wine quality. Once the heat 
consumption exceeds the optimum range for a specific va-
riety even a decline of wine quality is likely (JoneS 2007) .

Observed modified heliothermic index values in 
the reference period proved were highly correlated (R2 = 
0.9581; p < 0.0001) with the average April to September 
temperatures based on the homogenized monthly temper-
ature data set for Luxembourg-City. Based on the linear 
regression equation y = 0.0051x + 6.7147 the modified 
heliothermic index values of the years 1200 to 1904 (x) 
were converted into the average April to September tem-
peratures (y). 

T a b l e  7

Linear correlation coefficients between present temperature 
reconstructions and temperature reconstructions for Burgundy 

(chUine et al. 2004) or for the the grid point 6.250 °E, 49.750 °N 
(lUterBacher et al. 2004) and respective p-values

Burgundy
Grid point 
6.250 °E, 
49.750 °N

Time range
Correlation coefficient r

p-value

1370-1904
0.44

< 0.0001

1659-1904
0.60

< 0.0001

To balance the uncertainties of annual temperature re-
construction and to detect long-term trends in the thermal 
conditions, reconstructed summer half-year temperatures, 
as well as observed April to September temperatures in the 
years 1854 to 2010 (homogenized monthly temperature 
data set for Luxembourg-City), were smoothed using the 
LOESS function (Fig. 4). Fig. 4 shows that periods of high-
er and periods of lower temperatures altered in the past cen-
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turies. Highest temperature conditions were reconstructed 
for the period prior to the end of the 15th century (absolute 
LOESS maximum reached in 1483), which virtually fits 
with the supposed end of the so called Medieval Climate 
Optimum or Medieval Warm Period (BrazDil et al. 2005). 
The relative warm temperature conditions in Europe dur-
ing this period are documented by the extension of grape 
cultivation in Europe into northern Germany, England and 
Poland (SchUltz anD JoneS 2010). In the following cen-
turies, reconstructed April to September temperatures de-
creased, which is in line with the Little Ice Age (generally 
assumed to be located between 1550 and 1850 (BrazDil 
et al. 2005)). In fact, this cool period is supposed to have 
caused many winegrowing regions to be abandoned and it 
established the 50th degree latitude as the reference north-
ern limitation for the geographical extension of viticul-
ture in Central Europe (SchUltz and JoneS 2010). Overall 
lowest LOESS values were observed in the middle of the 
19th century (1843). This is in line with the observations 
of lUterBacher et al. (2004) that the 19th century was the 
coldest century in Europe in the last 500 years. In addition, 
the long cool period starting in the 1750s observed in Bur-
gundy by chUine et al. (2004) was retrieved in the present 
data set.

However, in interpreting present data, it has to be tak-
en into account that reconstructed temperatures are purely 
based on wine quality classes assigned and hence shifted 
into the direction of average conditions of the respective 
wine quality class. Consequently, extreme temperature 
conditions in single seasons or even multi-annual periods 
of exceptionally warm or cold conditions might not be ex-

pressed to its complete extent in the present reconstruction 
data sets. 

In general, instrumental records and their LOESS 
smoothing curve (Figure 4) illustrate the exceptional char-
acter of the recorded temperatures in the last decade of the 
20th and the first decade of the 21st century. In fact, present 
data from Luxembourg confirm the observation of lUter-
Bacher et al. (2004) that the late 20th and the early 21st cen-
tury was in Europe very likely warmer than any period in 
the last 500 years. 

Conclusion

Significant positive correlations between historical 
vintage descriptions regarding the annual quality of wines 
originating from Luxembourg and the temperature condi-
tions in the summer half-year (April to September) were 
obtained; the additional inclusion of the wine quantity as 
predictor variable did not significantly improve the model 
output. Investigations showed that an increase of tempera-
tures during the vegetation period was generally linked to a 
higher wine quality – at least under the climatic conditions 
of the Luxembourgish winegrowing region in the reference 
period (1854-1885).

Reconstructions of April to September temperatures 
indicate that periods with cooler climatic conditions and 
periods with warmer conditions alternated in the past cen-
turies in Luxembourg. Even though a precise reconstruc-
tion of the annual temperature conditions solely based on 
vintage descriptions is not possible due to the broad set 

Fig. 4: Average April to September air temperatures in the time frame 1200 to 2010. Continuous lines represent instrumental records 
(light blue), LOESS smoothed instrumental records (smoothing factor: 0.1) (red) and climate normal conditions (1961-1990) (dark blue 
line) according to the homogenized monthly temperature data set for Luxembourg-City. Dark dots indicate LOESS smoothed curves 
(smoothing factor: 0.1) of temperature reconstructions based on wine quality notations (bold dots) as well as the respective 95 % con-
fidence band (small dots). 
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of potentially interfering effects, long-term climatic trends 
described in the literature such as the Medieval Climate 
Optimum and the Little Ice Age could be retrieved.
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