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Abstract

We revised a ten-year old reconstruction of air temperature (2 m above ground) at Certovo Lake using
hourly measurements at four stations situated at elevations of 1057-1334 m in the catchments of Certovo
and Plesné lakes during 2004-2012. The new model is elevation-dependent and provides daily and month-
ly mean air temperatures back to 1961 and 1781, respectively, using daily data from the Churanov meteoro-
logical station (Bohemian Forest) and monthly data from the Hohenpeissenberg meteorological station
(Germany). Modelled daily mean air temperatures varied between —25.1 and 25.3°C during 1961-2012, with
an average of 4.7°C and mean absolute error of 0.6°C for a reference plot at Certovo Lake (elevation of 1057
m). Monthly mean air temperatures were predicted with mean absolute error of 0.4°C and varied between
—12.9°C and 17.5°C in the 1781-2012 period, with long-term averages between —4.5°C in January and
12.9°C in July. Annual mean air temperatures varied between 2.3°C (in 1829) and 6.0°C (in 2011), with the
1781-2012 average of 4.1°C. Long-term trend in annual mean air temperature exhibited significant variati-
ons with three distinct periods: (i) temperature fluctuation along the 1781-2012 average between 1781 and
1830, (ii) colder period during 1831-1940, and (iii) increasing temperature since the early 1960s, with the
most rapid increase (0.039 °C.yr'; p <0.01) between 1981 and 2012. Monthly mean air temperature lapse
rates varied within 0.0052-0.0073 °C.m" with an annual average of 0.0061 °C.m"". Transposition of the
modelled trends from the reference plot to other healthy forest plots in vicinity of Certovo and Plesné lakes
using these monthly lapse rates resulted in daily, monthly, and annual mean errors varying between —0.42
and 0.87°C. The predictive ability of the model decreased for the Plesné Lake plots after 2004 due to forest
dieback caused by bark beetle infestation. Air temperature continuously increased at these plots with incre-
asing number of dead and broken trees, with mean values by ~0.6°C higher in 2010-2012 than in 2002—
2004.
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INTRODUCTION

Numerous ecological and dendrochronological studies require precise historical records of
climatic variables, especially air temperature (e.g., PSENNER & ScHMIDT 1992, SoMMARUGA-
-WoGRATH & al. 1997, SANTRUCKOVA et al. 2007). Long-term climatic records (longer than a
few decades) are, however, usually missing for remote mountain areas and must be recon-
structed using intensive several-year measurements at the site of interest and long-term re-
cords at some neighbouring climatic station (e.g., AuGusTi-PANAREDA et al. 2000, AuGusTi-
-PANAREDA & THompsoN 2002). Similar situation has occurred in the Bohemian Forest. Daily
mean air temperatures have been measured at the meteorological station Churanov since
1953, but no long-term air temperature records are available for forested areas in this region.



Table 1. Locations of air temperature measurements in the Bohemian Forest (abbreviations: PL, PleSné Lake;
CT, Certovo Lake; L, low elevation; H, high elevation; In, inlet; O, outlet).

[Parameter Unit CT and CN catchments PL catchment
CT-O"Y | CT-L? | CT-H | CT-In | CN-In | PL-L | PL-H
Latitude, N (WGS-84) Degree |49.1649(49.1627|49.1696|49.1667|49.1761(48.7752|48.7767
Longitude, E (WGS-84) Degree |13.2030(13.1993|13.1858(13.1959|13.1822(13.8680|13.8547
[Elevation m 1003 | 1057 | 1330 | 1032 | 1020 | 1122 | 1334
Beginning of measurement Month/Year |12/1997(12/2003|12/2003|12/2003|12/2003{04/2002|04/2002
[End of measurement Month/Year [12/2012]12/2012|12/2012]09/2006/09/2006{12/201212/2012
Healthy/broken trees in 2000% % 99/<1 | 97/<1 | 93/<1 | 99/<1 | n.d. | 94/<1 | 93/<1
Healthy/broken trees in 2005% % 99/<1 | 94/2 84/5 96/4 | n.d? | 68/3 52/4
Healthy/broken trees in 2011¥ % 99/1 90/6 | 70/23 | 93/7 | nd.? | 0/69 6/46

D' CT-O is situated at the CT outlet and represents the original reference plot used in model by KETTLE et al.
(2003).

D CT-L is used as a new reference plot in this study.

9 Percent proportion of healthy and broken trees at the study plots (1 ha circle with thermometer in its centre;
for more details on changes in tree numbers during 2000-2011, see KorACEk et al. 2013).

“'n.d., not determined using aerial photographs, but healthy forest in the surrounding of the CN-In plot
remained unchanged during the study.

KETTLE et al. (2003) have reconstructed air temperature trends for forests surrounding Cer-
tovo Lake (CT), using an intensive 3-year measurement at the lake and long-term records
from meteorological stations Churaiov (daily measurements at 7, 14, and 21 hour back to
1961) and Hohenpeissenberg in Germany (monthly means back to 1781). Their reconstructi-
on was based on temperature measured at the lake outlet, using an automatic weather station
(CT-O, Table 1), primarily constructed for monitoring of water discharge and water tempe-
rature. The station was situated in a small valley near the outlet at elevation of 1003 m. A
subsequent more detailed measurements of air temperature in the CT catchment, however,
showed that the CT-O station was not representative for the area and the measured air tem-
perature was systematically lower there than at other sites of similar elevation (TUREK, unpu-
bl. data). It means that the original model by KeTTLE et al. (2003) underestimates the recon-
structed values for the CT catchment. Moreover, an absence of lapse rate in the original
model disables transposing of the modelled trends to other elevations.

The aim of this study is (i) to revise the original air temperature reconstruction for the CT
catchment by KEeTTLE et al. (2003) using new 8-year-long intensive measurements at four
stations situated at different elevations in the catchments of CT and Plesné Lake (PL) and (ii)
to provide (using a lapse rate and temperature measurements at the southeast and northwest
slopes) a more general model, enabling transposition of the modelled values to other plots in
the Bohemian Forest.

MATERIALS AND METHODS
Data sources

Air temperature was measured in mature Norway spruce forests in the catchments of Cer-
tovo and Plesné lakes on the hillsides of Jezerni Hora Mt. and Plechy Mt., respectively, using
registration thermometers TBI32-20+50 and U23-001 (Onset Computers, USA) with an
accuracy of £0.4 and £0.2°C, respectively. Prior to use, the thermometers were kept several
days at 4°C and at laboratory temperature of ~20°C and only the thermometers that met
accuracy range of £0.2°C at both temperatures were used. It means that the maximum sys-



tematic difference between individual thermometers was <0.4°C. The thermometers were
situated in solar radiation shields (diameter of 10 cm, height of 15 cm) fixed on northern si-
des of wooden poles 2 m above ground in the middle of experimental plots used for throu-
ghfall sampling (Fig. 1). These plots are situated at low (L, 1057 and 1122 m) and high (H,
1330 and 1334 m) elevation of each catchment (Table 1). To estimate an effect of slope ori-
entation, we operated two additional thermometers on the southeast and northwest slope of
Jezerni Hora Mt. These thermometers were fixed in solar radiation shields 2 m above ground
on northern sides of trees (10 cm off the trunk) in vicinity of major inlets to Certovo (CT-In)
and Cerné (CN-In) lakes at similar elevations of 1032 and 1020 m, respectively (Fig. 1, Table
1). The measurement lasted from April 2002 to December 2012 at the PL-L and PL-H plots,
from December 2003 to December 2012 at the CT-L and CT-H plots, and between December

2003 and September 2006 at the CT-In and CN-In plots. Air temperature (7, » T Topps
T, 1 Topy» and T, ) was recorded in 60-minute intervals and the respective daily and

monthly means were calculated as arithmetic means of all 24 hourly records and daily me-
ans.
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Fig. 1. Location of meteorological stations Churafiov (CH) and Hohenpeissenberg (HO), catchments of
Plesné (PL), Certovo (CT) and Cerné (CN) lakes (top left map), and detail maps showing locations of ther-
mometers. For other abbreviations and details on position, available records, and forest status of the CT, CN
and PL plots see Table 1. Plots CT-O and CT-L were used as reference plots in the original (KETTLE et al.
2003) and present study, respectively.



Recording of air temperature continued at CT-O plot (a reference site for the original
temperature reconstruction by KEeTTLE et al., 2003) using an automatic weather station
(MS4016-G; Fiedler-Magr, Ceské Budg¢jovice), situated ~150 m downstream of the lake out-
flow at elevation of 1003 m and at height of 1.5 m above ground. The data were recorded in
15-minute intervals from November 1997 to December 2012, and the respective daily and
monthly means were calculated as arithmetic means of all 96 daily records and daily
means.

Long-term air temperature data are from the meteorological station Churanov (Czech
Hydrometeorological Institute), situated in the central part of the Bohemian Forest (49.07°
N, 13.61° E, 1118 m a.s.l.; ca. 40 km southeast of CT and 30 km northwest of PL). The data
were recorded daily at 7, 14, and 21 hour (7, ., T, ,,,» and T, ) from 1 January 1961 to
31 December 2012.

Long-term reference air temperature records are from the Hohenpeissenberg station
(Deutscher Wettersdienst, Germany) situated in Bavaria (47.80° N, 11.01° E, 977 m a.s.L; ca.
220 km southwest of CT and PL). The homogenised data come from HISTALP project (AUER
etal. 2007) for 1781-2010 and from Global Historical Climatology Network, version 3 (Law-
RIMORE et al. 2011) for 2011-2012, and were downloaded via the web page of www.zamg.
ac.at/histalp/ and www.ncdec.noaa.gov/ghcnm/, respectively. The data consist of monthly
means and have been demonstrated to be robust and free of interference due to urbanisation
or changes in instrumentation or position (SCHONWIESE 1987).

Linear regression analysis was used to estimate significances of temporal trends in tem-
perature records. All abbreviations used in this study are summarized and explained in
Table 2.

Changes in forest health during measurements

Changes in the areal densities of healthy and broken trees in the PL and CT catchments du-
ring the study were quantified using colour aerial photographs (scales of 1 : 5000-7000),
prepared by Argus Geo System Ltd. (Hradec Kralové), Geodis Ltd. (Brno), and Georeal Ltd.
(Plzen) in 2000, 2005, and 2011.

The PL forest has been damaged by a bark beetle (Ips typographus) outbreak since the
summers of 2004 (northwest part with the PL-H plot) and 2006 (the rest of the catchment,
including the PL-L plot), and most of trees died within 2-3 years of the infestation. The
trees lost needles during the first several months after the outbreak. Then, they have been
continuously losing twigs, bark, and branches until the end of this study. Dead trees were
continuously broken by winds, and 69% and 46% of the original trees were already broken
at PL-L and PL-H, respectively, in 2011 (Table 1). The CT forest was almost intact in 2000—
2005 and was affected by windstorms in 2007 and 2008 that damaged 6% and 23% of the
original trees at the CT-L and CT-H plots, respectively (Table 1). Negligible changes in forest
health and density occurred at plots CT-In and CN-In during the study in 2003—-2006 and at
CT-O during 2000-2011. For more details on changes in tree numbers at individual plots
during 20002011 see KoPACEK et al. (2013).

Because the CT-L plot (among all new plots) exhibited the lowest changes in forest health
and density during the study, we used this plot as a new reference site for the new model.
Moreover, the CT-L plot is situated close to the CT-O plot, for which the original model by
KETTLE et al. (2003) was calculated, and enabled thus the best records for comparison of both
models.

Modelling mean air temperature at the reference plot CT-L during 1961-2012

A relationship between the measured daily mean air temperatures at the reference plot CT-L



Table 2. List of abbreviations and air temperature symbols.

Abbreviation Meaning
CT, PL, CN Certovo, Plesné, and Cerné lakes, respectively
L,H low and high elevation plots, respectively
In, O inlet and outlet plots, respectively
T temperature _rneasured_at automatic weathe_r station at the CT
Ccro outlet, 15-minute readings (old reference site)
temperature measured at CT-L, CT-H, CT-In, CN-In, PL-L and
Terir Terrr Termw Termw Torp To PL-H plots (see Table 1), 1-hour readings (CT-L plot is new

reference site)
daily mean temperature at CT-L, CT-H, PL-L and PL-H plots;

Terva TernaTorva Tovna arithmetic mean of hourly data

T monthly mean temperature at CT-L plot; arithmetic mean of
CT-Lom daily data

T T T temperature measured at the Churanov station at 7, 14, and 21
CH-7 * CH-14k = CH-21h hour

monthly mean temperature at Hohenpeissenberg
Tom 1781-2010: www.zamg.ac.at/histalp/ (homogenised)
2011-2012: www.ncdc.noaa.gov/ghcnm/

T modelled daily mean temperature at CT-L from T, . T, 10
CrL-d and 7, ,, (equation 1)
modelled monthly mean temperatures at CT-L; arithmetic
T mean Qf T.,...* durmg 1961-2012, and modelled from 7,
(equation 2) during 1781-2012
7% modelled annual mean temperature at CT-L; calculated from
e Terim
T % modelled (daily or monthly) mean air temperature at elevation
E E (equation 4)
LR monthly lapse rate (°C.m™); average for the CT and PL
m catchments (Table 3)
ME mean error; ME = mean of residuals (differences) between
modelled and observed data
MAE mean absolute error; MAE = mean of absolute values of (mo-

delled — observed) data

(T, ) and air temperature at the Churafiov station was evaluated as follows: The 7.,  and

i Leaa @nd T, data were divided into months. Then, the best fit between the mea-
sured 7.,  data and the Churanov data (equation 1) was obtained for each month by multi-
ple linear regression.

TCT-L-d =atb TCH-7h te TCH-Mh +d TCH-ZIh M

The parameters a, b, ¢, and d were obtained for individual months (Table 3) and were then
used to model daily mean air temperatures at the CT-L plot (7., ,*) from the Churanov
data.

The monthly models were cross validated by removing one month at a time (e.g., January
2004) and building the model with the remaining months (e.g., January 2005-2012). Then
we used the model to predict the temperatures in the omitted month. This technique allows
the predictive accuracy of the models to be tested (KeTTLE et al. 2003). The mean absolute

T-L-d



Table 3. Parameters used in air temperature modelling: (i) parameters a, b, ¢, and d of equation (1) used for
modelling daily mean air temperature at the reference (CT-L) plot from the Churaniov data, (ii) parameters
e and f of equation (2) used for modelling monthly mean air temperature at the reference plot from the Ho-
henpeissenberg data, and (iii) monthly lapse rates (LR , °C.km™) used in equation (4) for transposition of the
daily and monthly mean temperature data from the reference plot to other Bohemian Forest sites.

Month a b c d e f LR,
January -0.27 0.44 0.18 0.26 -2.75 0.83 5.65
February -0.13 0.43 0.22 0.25 -2.74 0.82 5.78
March -0.10 0.38 0.26 0.26 -2.47 0.81 6.44
April 0.10 0.41 0.23 0.28 -1.38 0.82 7.17
May 0.55 0.42 0.21 0.33 -0.17 0.86 7.31
June 0.70 0.39 0.20 0.37 0.92 0.81 6.45
July 0.69 0.44 0.21 0.30 -1.15 0.95 6.29
August 1.20 0.43 0.20 0.28 1.41 0.77 6.13
September 0.88 0.42 0.24 0.29 -0.72 0.88 6.00
October 0.48 0.46 0.30 0.19 -1.17 0.86 5.22
November 0.32 0.52 0.22 0.23 -1.77 0.84 5.40
December -0.20 0.52 0.20 0.18 -2.66 0.80 5.52

errors (MAE) of the cross validations were averaged over all the months, indicating a pre-
dictive error of 0.62°C for daily temperatures at CT-L, with the best predictions in August
(0.53°C) and the worst in November (0.75°C). When no data were omitted for validation, the
final set of monthly models resulted in MAE of 0.60°C for the daily mean air temperature at
the reference CT-L plot. This set of monthly models (Table 3) was then used to reconstruct
T.. . *values back to 1 January 1961.

CT-L-d

Modelling monthly and annual mean air temperature at the reference plot CT-L
from Hohenpeissenberg

We reconstructed monthly air temperatures at CT-L (7.,  *) back to January 1781 using
monthly mean data from Hohenpeissenberg as follows: FlI‘St we calculated monthly mean
temperatures at CT-L (7., ) as averages of T, * values for the 1961-2012 period. Then,
we divided the 7., ~data, as well as monthly mean air temperatures from Hohenpeissen-
berg (T,,,,) into individual months, and finally computed the best linear regression models

(equation 2) between T, and 7, for each month.

TCT-L- -e +f HO-m (2)

The parameters e and f obtained for individual months during 1961-2012 are given in
Table 3. The average MAE of this monthly model was 0.40°C, with the best predictions in
August (0.33°C) and the worst in October (0.46°C).

Annual mean temperatures at CT-L (T, ™) were calculated for calendar years (January
through December) using the 7., * values (modelled from the Hohenpeissenberg and Chu-

ranov data for the 1781-2012 and 1961-2012 periods, respectively) according to equation
G):
12

12
CTL a (Z . TCT—L—m) /21: Dm (3)

1

where D is number of days in a month m.



Table 4. Distribution of daily mean air temperatures (7., ,*) at the reference plot (CT-L) near Certovo Lake
modelled from Churanov data (1 January 1961 to 31 December 2012). AVG, arithmetic mean; SD, standard
deviation; 25% and 75%, quartiles.

All data | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
AVG 4.71 -38|-34|-08] 34 |87 |119|133|13.1 100 57 | 0.7 | 29
SD 7.58 43 | 45 | 43 | 44 | 42 | 41 | 38 | 35 | 3.7 | 42 | 44 | 42
Minimum | -209 |-209|-184|-163|-82 | -45] 03 | 35 | 48 | 0.3 | -7.6 |-11.6|-18.0
25% -1.14 | -65|-64|-36| 00 | 58 | 88 | 104|106 | 72 | 24 | 24 |-55
Median 484 |-33|-29|-07| 32| 86 |11.7 133 |13.1| 99 | 59 | 0.7 | 2.6
75% 108 |[-0.7|-0.1] 22 | 63 | 11.7 | 150 | 16.1 | 157 | 12.7 | 88 | 3.8 | 0.2
Maximum | 25.3 79 | 7.6 | 11.2 | 18.8 | 21.6 | 23.8 | 253 | 23.8 | 22.0 | 16.2 | 143 | 7.7

Lapse rate and the model transposition from the reference plot to other elevations

Lapse rate (LR, °C.m™") in air temperature was calculated for both the CT and PL catchments,
using daily data during 2004-2012. The differences between T .. Hd and 7, , values and
T, ,,and T,  values were divided by the respective differences in the plot elevations (273
and 212 m), and then, monthly mean lapse rates were calculated from all available data for
individual months. Monthly mean lapse rates differed only slightly between the catchments
(<£0.002 °C.m™"). Consequently, we used average monthly laps rates (LR , calculated from
all data observed in the CT and PL catchments; Table 3) to transpose the modelled data from

the reference CT-L plot into other Bohemian Forest sites using equation (4):
T, =T.,,-LR .(E-1057) “4)

where 7,* is modelled (daily or monthly) mean air temperature at elevation £ (m) o 1S
the modelled (daily or monthly) air temperature at the reference plot CT-L, LR, is the respe-
ctive monthly average lapse rate (Table 3), and coefficient of 1057 represents elevation (m)

of the CT-L plot.

RESULTS AND DISCUSSION
Modelled air temperature at the reference plot CT-L

The modelled daily mean air temperatures at the reference plot reconstructed from the Chu-
ranov data varied between —25.1 and 25.3°C during 1961-2012, with an average of 4.7°C
(Table 4). The difference between the maximum and minimum 7, ,* values in the indivi-
dual months varied within 24-29°C (with the exception for July to September; 19-22°C),
showing similar variation in daily air temperatures for most months throughout the year. The
predictive accuracy of the new model (equation 1; monthly parameters a, b, ¢, and d summa-
rized in Table 3) was better than that of the original model by KETTLE et al. (2003), with
MAE values (provided by cross validation) of 0.62 vs. 0.81°C. The modelled daily mean air
temperatures explained 99% (p <0.001) of the observed Variability in daily temperatures
measured at the reference plot, with the minimum and maximum residuals (AT =T, *—
T,,, ) varying between —6.1°C (30 January 2011) and 5.0°C (2 February 2011) and with the
mean residual value of —0.02°C during 2004-2012 (Fig. 2). The model overestimated the
observed data especially during winter months, due to an existence of inverse air tempera-
ture stratification that resulted in higher temperatures at the Churanov station (as well as at
the CT-H plot), situated at higher elevation than the CT-L plot (1118 versus 1057 m). A typi-
cal example of this effect occurred during 1-3 February 2011, when daily mean air tempe-



rature was by 2.7-6.9°C higher at the CT-H than at the CT-L plot (Fig. 3). In contrast, the
model based on Churaiov data underestimated air temperature at the reference plot during
clear frosty days (e.g., on 30 January 2011), when temperature decreased more in the open
area covered with snow than in forest and was by ~5°C lower at the Churaiov station than at
both forest CT-L and CT-H plots (Fig. 3). This effect is probably associated with high albedo
of snowcover around the Churanov station, while darker forest canopy reflects less solar
radiation, and accumulates more heat.

The modelled monthly mean air temperatures at CT-L (based on the Hohenpeissenberg
data) varied between —12.9°C (February 1956) and 17.7°C (July 2006), with long-term ave-
rages varying between —4.5°C in January and 12.9°C in July during 1781-2012 (Table 5).
The difference between the maximum and minimum values in the individual months was
lowest in summer (7.6—8.7°C on average in June to August) and highest in winter (11.8—
14.4°C on average in December to February). The predictive accuracy of the new model
(equation 2; monthly parameters e and f summarized in Table 3) was better than that of the
original model by KETTLE et al. (2003), with MAE values of 0.40 vs. 0.49°C. Mean error
(ME) between the modelled and observed monthly mean air temperature at the reference
plot UT =T, *-T,.., ) varied between —0.94°C (April 2007) and 0.68°C (September
2011), with an average of —0.05°C during 2004-2012 (Fig. 2B, Table 6). MAE between the
modelled and observed monthly mean air temperature varied between 0.32 and 1.52°C at the
reference plot during 2004-2012 (Fig. 2B).
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Fig. 2. A: Observed (7, ) and modelled (7, ,*) daily mean air temperatures at the reference plot CT-L
during 2004-2012. B: Daily residuals between the modelled and observed data (AT = T, T.., ) their

monthly averages (MME, monthly mean error) and monthly averages of their absolute Values (MMAE mon-
thly mean absolute error). Maximum and minimum daily residuals are indicated by numbers in panel B.



The better predictive accuracy of the new models than the original ones for both daily and
monthly means resulted from almost 3-times more values available for development of the
new regression models.

The modelled annual mean air temperatures at CT-L varied between 2.3°C (in 1829) and

6.0°C (in 2011), with the 1781-2012 average of 4.1°C (Table 5; Appendix 1). The long-term
trend in 7, *exhibited significant variations (Fig. 4). Between 1781 and 1830, the 7., *
values fluctuated along their long-term averages in periods lasting roughly a decade, being
lower than the long-term average in the 1780s and 1810s and higher in the 1790s and 1800s.
The 1831-1940 period was relatively cold, with all 10-year averages below the long-term
average (Fig. 4), and with the coldest decade over the study period in the 1880s (10-year
average of 3.7°C). In the 1940s, there was a significant peak in the T CT . values (10-year
average of 4.6°C), which was followed by a steep temperature decline in the middle 1950s.
Since the early 1960s, the T, * values have an increasing trend, and the 10-year averages
reached their maximum of 5 2°C in the 2000s.

Annual mean air temperatures increased significantly (p <0.001) by 0.028 °C.yr ! between
1960 and 2012. Trend analysis of monthly mean data showed that 7.,  * values exhibited
significantly increasing trends in April through August, with the steepest trends in May
(0.056 °C.yr; p <0.001) and August (0.042 °C.yr'; p <0.001). Similar trends for other mon-
ths were not significant at the 0.05% level during 1961-2012, but steep increases (~0.03
°Cyr™; p <0.1) occurred also in November and December. The steepest increase in annual
air temperatures has occurred since 1981 (0.039 °C.yr'; p <0.01), when only four 7,
values decreased below the long-term average value of 4.1°C during 1781-2012 (Fig. 4) “On
a monthly basis, significant trends occurred in April through June and in November during
1981-2012, with the steepest trends in April (0.102 °C.yr'; p <0.01). Consequently, the pre-
sent increase in annual air temperatures in the Bohemian Forest is predominantly associated
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Fig. 3. Deviations of the reconstructed values of air temperature from the measured data caused by effects of
snow cover and temperature inversion. Data show time series of measured air temperatures at the Churaiiov
meteorological station (1118 m a.s.1.) and two forest plots in the catchment of Certovo Lake (CT-L, the refer-
ence plot, 1057 m a.s.l.; and CT-H plot, 1330 m a.s.l.) in winter 2011. Abbreviation CT-L-d* represents daily
mean air temperature modelled for the CT-L plot using equation (1) and data from the Churaflov station.
Numbers indicate differences between the modelled and observed daily mean temperatures (7., ,*— T,.r, ).
The effect of higher albedo at the Churanov station resulted in underestimating air temperature at the CT-L
plot on 30 January 2011, while the temperature inversion resulted in overestimating the modelled temperature
at the lower elevation CT-L plot during 1-3 February 2011.



Table 5. Distribution of annual (7, *) and monthly (7, *) mean air temperatures at the reference plot

(CT-L) near Certovo Lake during 1781-2012 modelled from Hohenpeissenberg (1781—2012) data. AVG,
arithmetic mean; SD, standard deviation; 25% and 75%, quartiles.

Annual | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
AVG 413 | 45|-38|-15|29 | 82 | 112|129 |126| 95 | 51 | 00 | -3.5
SD 0.72 22 12319 |17 |17 |13 |16 12|15 | 18| 1.7 | 21
Minimum | 231 |-10.0/-129|-7.1|-20| 40 | 78 | 93 | 9.7 | 39 | 04| -51 |-11.1
25% 360 |-6.0|-52|-28| 1.7 | 7.0 | 104 | 11.8 | 11.8 | 85 | 41 | -1.1 | 4.7
Median 415 |43 |-36|-14| 28 | 83 |11.2 128 |125)| 96 | 51 | 0.0 | -3.5
75% 463 |-28|-21|-02| 41|95 |120 139|133 |105| 62 | 1.3 | 2.0
Maximum | 5.99 21 | 14 | 26 | 82 | 128 |16.6 | 17.7| 173 | 136 | 98 | 44 | 0.7

with the increasing trends in spring—summer and November—December, while no trends
were observed for September—October. The 19812012 average seasonal trend in monthly
mean air temperatures was, however, 0.4—1.1°C higher than the 17812012 average trend for
each month (Fig. 5).

The steep increase in air temperature during the last three decades concurred with the
general warming trend in central Europe (BrRAzpIL et al. 1996, DuBrovsky et al. 2005), de-
spite relatively high variability in 7., * varying between 3.6 and 6.0°C during this period
(Fig. 4). Even higher variability in the 7,,, * values occurred two hundred years ago, when
annual mean air temperature varied between 2.7 and 5.0°C during 1785-1794 and between
2.3 and 5.1°C during 1829-1834 (Fig. 4). However, unlike the temperature variability in
1785-1794 and 1829-1834, which appeared as oscillations around the long-term average, the
recent data have oscillated mostly above the long-term average since 1981.

A number of historical and recent declines in annual mean air temperatures can be asso-
ciated with cooling effect of dust and sulphur aerosols released into the atmosphere by vol-

6.0 1
] —0—ANN emmm=]()-yr-average =====30-yr-average = 1781-2012-average
] o
5.5 4
1 o
5.0 9 o
—~ ET o 9
8 4.5 qlo & I
R e
‘é‘ 4.05 -% ! p l ! i 2010
4 1
£ 3.5 °
5 14 o A 1980 1991
1 (o]
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] o @0 1 1956
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2.5 7 1784 1883
1 1786 1816 o
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Fig. 4. The modelled trend in annual mean air temperature at the reference CT-L plot near Certovo Lake (T .
225 Legends: ANN, individual T, *values; 10-yr-average, average 7., * for decades; 30-yr-average,
average T, * for 30-yr periods; 1781-2012-average, average T, * for the whole study period (4.1°C).
Large black points indicate years with climate affected by the volcanic eruptions. Date of eruption: Laki
and Grimsvotn (1783—1785), Tambora (April 1815), Katla (May 1860, October 1918), Krakatau (August
1883), Bezymianny (March 1956), St. Helens (May 1980), Pinatubo (June 1991), and Eyjafjallajokull (May
2010).
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canic eruptions (e.g. DEVINE et al. 1984, SHINDELL et al. 2004). A significant continental
scale effect of volcanic activity on cooling surface air temperature has been recognized over
central Europe (FiscHER et al. 2007) and is evident also from the 7., * data (Fig. 4). Cold
years 1784—1786 followed eruptions of Laki and Grimsvo6tn volcanoes in Iceland during
1783-1785, and extremely cold summer of 1816 resulted from Tambora eruption in April
1815. Also some of other cold years (Fig. 4) can be associated with large eruptions like those
of Krakatau (1883), Bezymianny (1956), St. Helens (1980), and Pinatubo (1991) (DEvVINE et
al. 1984, SuiNDELL et al. 2004, FiscHER et al. 2007), and probably also those of Katla (1860,
1918) and Eyjafjallajokull (2010) in Iceland.

Model transposition from the reference plot CT-L to other Bohemian Forest plots

Monthly mean air temperature lapse rates varied within 0.0052—0.0073 °C.m™' with an an-
nual average of 0.0061 °C.m™" (Table 3). We used these lapse rates and equation (4) to calcu-
late daily, monthly, and annual mean air temperatures for all plots in this study and compa-
red the modelled and observed results. Among all plots, the ME and MAE of the modelled
values were highest for the CT-O plot (Table 6), which was used as the reference plot in the
original model (KETTLE et al. 2003). Daily, monthly, and annual ME were 0.78—0.87°C for
the CT-O plot, indicating that this plot was colder than the new reference plot. The original
model thus systematically underestimated air temperature for the CT forest. The CT-O ther-
mometer is situated in a small narrow valley, which is probably filled with cold air more
frequently or for longer periods than other relatively flat plots used in this study.

The daily, monthly, and annual mean errors and mean absolute errors varied in relatively
narrow ranges between —0.21 and 0.16°C (ME) and within 0.06—0.71°C (MAE) for other CT
and CN plots (CT-L, CT-In, and CN-In; Table 6). A surprising result was that similar ME
and MAE values occurred for the CT-In and CN-In plots, despite their opposite orientation
on the slopes of Jezerni Hora Mt. (Fig. 1). The low errors for most of the CT and CN plots

20 - - 2.0
1 —O-Avg 1781-2012 L
s ] Avg 1981-2012 i
1 —AT i
] L 1.5
10 - L
o S
S o T
§ 1 - 10 .
&u 0; |
=7 L 0.5
-10 - i
~15 4 | | ‘ 0.0
1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 5. Comparison of the average seasonal trend (including minimum and maximum values) in monthly
mean air temperature at the reference CT-L plot during 1781-2012 (Avg 1781-2012) with the average trend
for the warmest 1981-2012 period (Avg 1981-2012), and the difference between these averages (47T = (Avg
1981-2012) — (Avg 1781-2012)).
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Table 6. Daily, monthly, and annual mean error and mean absolute error of the modelled data for individual
plots.

Plot Period Mean error? Mean absolute error
Daily Monthly | Annual Daily Monthly | Annual

CT-L 2004-2012 -0.02 -0.07 -0.11 0.6 0.4 0.1
CT-H 2004-2012 -0.19 -0.21 -0.19 0.7 0.4 0.2
CT-0 2004-2012 0.87 0.82 0.76 1.1 0.9 0.8
CT-In 2004-2006 0.04 0.12 0.06 0.6 0.5 0.1
CN-In 2004-2006 0.09 0.16 0.09 0.6 0.5 0.1
PL-L (All data) | 2002-2012 -0.62 —-0.65 -0.61 0.8 0.7 0.7
PL-L (BBBI)? 2002-2006 -0.42 -0.36 -0.23 0.7 0.5 0.4
PL-L (ABBI)? 2007-2012 -0.70 -0.89 -0.92 0.9 0.9 0.9
PL-H (All data) | 2002-2012 —-0.50 -0.53 -0.51 0.8 0.7 0.6
PL-H (BBBI) 2002-2004 -0.29 -0.21 -0.04 0.8 0.5 0.2
PL-H (ABBI) 2005-2012 -0.58 -0.64 —0.68 0.9 0.7 0.7

D Mean of (modelled — observed) data; negative values indicate that the model underestimates observed
data.
2 BBBI and ABBI are means before and after bark beetle infestation, respectively.

indicate that the model can be successfully used for the study area and elevations >1000 m
on daily basis back to 1961, and on monthly and annual basis back to 1781. The systematic
model error for the CT-O plot, however, suggests that model transposition to local terrain
depressions and places with limited air exchange may overestimate the actual temperatu-
res.

Model transposition to the PL catchment underestimated the observed data at both PL-L
and PL-H plots throughout 2002—-2012 (Table 6). Daily, monthly, as well as annual ME va-
lues were relatively small and stable, and varied between —0.42 and —0.04°C at both PL plots
before bark beetle infestation (Table 6). After bark beetle infestation, the model uncertainty
increased and trends in residuals between the modelled and observed data decreased conti-
nually (and significantly; p <0.001) at the PL-L (Fig. 6A) and PL-H (Fig. 6B) plots, while
remained stable at the CT-H plot (with less damaged forest; Table 1) throughout the study
(Fig. 6C). The forest dieback in the PL catchment resulted in a continuous increase in air
temperature, and the daily, monthly, and annual ME varied between —0.92 and —0.58°C at
the PL plots after the bark beetle infestation (Table 6). A difference between monthly mean
errors calculated for the 20102012 and 2002-2004 periods showed that monthly mean air
temperature increased at both PL plots by ~0.6°C on average after the forest dieback. This
temperature increase is related to 2 m height above ground and does not represent tempera-
ture increase on the soil surface, which is undoubtedly significantly higher. For example,
Hais & Kucera (2008) have reported increases in the surface area temperature by 3.5 and
5.2°C in the naturally decayed and clear-cut spruce forest, respectively, compared to healthy
mature stands. Because the forest damage still continues at both PL plots as the dead trees
are continuously broken by wind, we can expect a further increase in air temperature at the
PL plots.

CONCLUSIONS

We revised the original reconstruction (KEeTTLE et al. 2003) of daily, monthly, and annual
mean air temperatures (2 m above ground) at forest stands surrounding CT Lake. Our model
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was derived for a new reference plot (more representative for mature Norway spruce forest
in the study area) near CT Lake using daily data from the Churanov station and monthly data
from the Hohenpeissenberg station. The model provided good fit with data observed at the
reference plot on daily (Fig. 2A), as well as monthly (Fig. 2B) basis. Model transposition
from the reference plot to other Bohemian Forest plots provided relatively low mean errors
of —0.42 to 0.09°C for daily data, —0.36 to 0.16°C for monthly data, and —0.23 to 0.09°C for
annual data (Table 6). There were, however, two exceptions from this generally good fit: (1)
Systematically lower air temperatures (by 0.76—0.87°C) than the modelled data were obser-
ved at plot CT-0, situated in a terrain depression. (2) A systematic increase in air tempera-
tures compared to the modelled data has occurred at the PL plots since bark beetle infesta-

tion and the resulting forest dieback (Fig. 6A,B).
The model can be used for reconstructing day-to-day variability in mean air temperature
back to 1961 and long-term trends in monthly and annual mean air temperature back to 1781
——Model O Observed
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Fig. 6. Modelled and observed monthly mean temperatures at PL-L, PL-H, and CT-H plots and their resi-
duals (4T = modelled — observed values). Modelled data were calculated from equation (4), using 7., *

data from Appendix 2.
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for ecological and dendrochronological studies in the mature forest stands at elevations
>1000 m in the Bohemian Forest. A caution is, however, necessary for reconstructing abso-
lute temperature values for plots situated in local depressions or affected by forest dieback,
which requires calibration of the modelled data using the actual measurements of air tempe-
rature at the plot of interest. Similar calibration might be also necessary for the model
transposition for plots located in south-oriented parts of the mountain range in the Bavarian
Forest.
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Appendix 1. Mean annual (7., *) and monthly (7,  *) air temperatures (°C) at the reference plot (CT-L)
near Certovo Lake, modelled from the Hohenpeissenberg data (1781-2012). Similar results based on the
Churanov data are for the 1961-2012 period given in Appendix 2.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1781 487 | 42| -32|-03] 57 | 99 |12.1 | 13.1 ] 141|103 | 2.6 | 05| -1.7
1782 328 | 3569|2217 | 74 | 132|148 | 123 | 87 | 19 | 42| 45
1783 446 | 2.1 | 21|26 37 | 87 | 11.0| 139|123 | 98 | 59 | -08 | 4.6
1784 306 | -7.1 | =60 | 2.1 | 03 | 103 | 11.1 | 129 | 11.7 | 11.8 | 0.8 | -0.8 | —6.4
1785 272 | 38| -77|-71|-04 | 71 | 99 | 11.0 | 114 | 11.6 | 40 | 0.1 | 42
1786 305 | 36| 48 | 26| 44 | 71 | 11.7] 97 107 | 75 | 1.8 | 23 | =35
1787 458 | 56| -17| 04 | 1.7 | 55 | 119 | 122 | 13.7 | 98 | 6.7 | -03 | 0.5
1788 404 | 42| -06|-04 | 3.1 | 93 | 124 | 152 | 12.0 | 11.1 | 3.6 | =2.0 |-11.1
1789 389 | 35|27 |-50| 38 | 106| 93 | 125|123 | 89 | 44 | -1.5| =29
1790 440 | 35|22 |-14] 14 | 96 | 12.1 | 115|134 | 89 | 6.1 | 02 | -39
1791 447 | 23| 44| -1.1] 56 | 77 | 11.0 | 126 | 140 | 90 | 49 | =09 | -3.0
1792 429 | 37| 46| 03 | 47 | 7.1 | 116 | 132 | 135 79 | 57 | 03 | 42
1793 472 | 52| -22|-08| 1.7 | 70 | 104 | 155|146 | 89 | 73 | 1.3 | 23
1794 502 | 43| -04] 21 | 66 | 86 | 119|160 | 12.1 | 7.6 | 42 | 0.8 | 54
1795 456 | 89| 32| -14| 57 | 87 | 119 | 102 | 134 | 114 | 92 | 2.1 | -0.7
1796 442 | 21 | 36| -38| 19 | 84 | 11.1 | 132 | 125 | 11.8 | 55 | -14 | 5.0
1797 502 | 42| 20|29 45 108 | 9.7 | 149|140 | 103 | 49 | 19 | 2.1
1798 397 | 51|36 |-17| 37 | 89 | 11.6 | 12.6 | 13.0 | 10.5| 5.0 | 0.9 | -6.9
1799 334 | 60| 21|21 | 14 | 71 | 97 | 11.7 135 )| 94 | 45 | 0.1 |74
1800 463 | 27| -42|-39] 82 |10.1 | 92 | 130|137 ] 99 | 38 | 03 | 24
1801 467 | 28| -36|-02] 36 | 97 | 95 | 122|119 109 | 67 | 1.3 | -39
1802 462 | 67|41 |-12] 36 | 80 | 129 | 124 | 156 | 98 | 82 | -0.1 | -3.6
1803 379 | -6.1 | =66 | -1.8 | 57 | 59 | 104 | 140 | 134 | 74 | 49 | 02 | 2.7
1804 431 | -1.0| 50| -211] 26 | 95 | 11.7 | 126 | 12.6 | 10.6 | 5.6 | 0.8 | 4.9
1805 285 | 55|36 |-26| 13 | 67 [ 103 ] 115|114 | 99 | 24 | 33|47
1806 505 | 26| -19|-14| 03 | 106 | 11.5 | 132 | 12.7 | 98 | 49 | 22 | 0.6
1807 474 | 60| 24| 48| 19 | 97 | 115|164 | 164 | 85 | 74 | 1.6 | 4.0
1808 364 | 54| -57|-55| 1.1 | 106 | 11.3 | 149 | 14.1 | 10.5| 3.8 | 0.6 | 6.8
1809 440 | 34| 00 |07 |01 90 | 11.4 | 139 | 12.0 | 98 | 42 | -12 | 2.6
1810 448 | 57|59 | 05 | 24 | 86 | 106 | 134 | 128 | 125 | 45 | 1.6 | 23
1811 565 | -7.7 | -31| 05 | 44 | 120 | 146 | 153 | 13.2 | 103 | 92 | 1.5 | -3.1
1812 339 | 65|27 |-15|-0.1| 95 | 11.8 | 12.0 | 124 | 90 | 7.1 | -1.9 | 8.7
1813 334 | -72 | -19 | 26| 40 | 89 | 95 | 107|107 | 79 | 46 | -1.8 | 2.9
1814 341 | 58 | -89 | 28| 48 | 65 | 9.7 | 138|122 | 72 | 4.1 1.3 | -19
1815 354 | 90| -12] 08 | 37 | 93 | 105|105 | 11.6 | 92 | 51 | 29|53
1816 258 | 57| -60|-32| 24 | 61 | 91 | 105|109 | 82 | 52 | 22|46
1817 356 | 22| -27|-34|-=20| 77 | 125 11.1 | 11.7 | 11.3 | 1.0 | 1.3 | 4.0
1818 448 | 28| 27 |-14] 51 | 75 | 120 | 128 | 11.1 | 94 | 49 | 1.6 | 43
1819 438 | 35| -32|-09| 44 | 92 | 11.1 | 13.0 | 122 | 102 | 45 | -0.8 | 4.1
1820 319 | -73 | 29|32 | 45 | 89 | 88 | 115|143 | 71 | 3.7 | -19 | 53
1821 431 | 31| 45|-1.1| 48 | 65 | 83 | 103 | 128 | 9.7 | 46 | 34 | 0.6
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Appendix 1. Continued.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1822 530 | 45| 16| 25 | 41 | 104 | 151 | 134|120 | 9.0 | 75 | 2.5 | 72
1823 392 | 59| 27|20 17 | 95 | 98 | 109] 13.1 | 103 | 50 | -03 | 2.8
1824 420 | 57| -1.8 | -3.0 | 1.1 7.2 1100 | 13.2 | 12.1 | 10.7 | 5.1 1.7 | 04
1825 417 | 54|49 | -3.6| 46 | 82 | 10.1 | 12.1 | 122 | 98 | 44 1.7 | 04
1826 401 | 85 |-13|-05] 23 | 57 | 103|134 | 148 | 11.0 | 6.1 | 2.1 | 34
1827 408 | =70 | 6.5 | 0.8 | 40 | 99 | 113|143 | 112 | 99 | 6.2 | -3.7 | -0.7
1828 434 | -18 | 40| -14 ] 3.0 | 86 | 112|126 | 11.0 | 94 | 3.7 1.3 | -1.8
1829 231 |-75|-63|-19 | 32 | 75 | 93 | 126|107 | 79 | 3.1 | 2.8 | 87
1830 363 | 96| -581| 01 | 49 | 9.0 | 106 | 132 | 122 | 7.0 | 4.0 1.3 | 42
1831 429 | 53|24 |07 49 | 77 | 98 | 124|123 | 78 | 9.0 | -1.1 | 3.5
1832 380 | 34|32 |-13 )32 ] 66 | 97 | 119]13.6 | 89 | 45 | 0.8 | 43
1833 392 | 58|09 |-1.8| 1.0 | 114 | 123 ] 96 | 9.7 | 7.6 | 53 | 02| -13
1834 510 | -09 | 32|20 1.0 | 11.0 | 129 | 153 | 133 | 125 | 49 | 02 | 43
1835 352 |32 |32 |27 15| 82 | 11.0 | 145|119 | 97 | 28 | 34 | 54
1836 382 | 52| 46| 2.0 1.7 | 54 | 11.5 132|128 | 80 | 55 | -1.0 | 3.7
1837 304 | 4337|4707 | 50 | 119|109 | 144 | 69 | 39 | -19 | -3.1
1838 305 | -76 | 50|20 |-0.1] 82 | 104 | 11.7 | 11.1 | 98 | 40 | 0.8 | -5.1
1839 399 | 65| 36 |-34)|-04] 66 | 133 136|107 | 99 | 64 | 2.6 | -1.7
1840 309 | 28| 50|56 39 | 74 | 107 ] 102|122 | 8.6 | 2.2 1.6 | -6.3
1841 441 | 59| -39 1.0 | 35 | 11.6 | 93 | 105 | 11.8 | 10.5 | 6.1 02 | 24
1842 339 | 88| 34 |-14 ) 1.7 | 7.8 | 11.8 | 11.9 | 140 | 83 1.2 | 23| 0.6
1843 356 | 43| 08|21 24 | 60 | 81 | 102|122 | 84 | 46 | 0.1 |23
1844 299 | -7.1 | =57 | -3.1 | 40 | 62 | 11.7 | 102 | 9.7 | 9.7 | 5.1 0.6 | 55
1845 322 | 29|94 |50 31 | 46 | 11.5] 126 | 103 | 9.1 52 1.8 | -3.2
1846 4.69 | 2.8 | -1.9 | 0.1 30 | 88 | 132 | 14.1 | 133 ] 103 | 56 | 03 | -7.5
1847 335 | 33| 64| -26|-02]109 | 83 | 128|123 | 6.8 | 47 | 02 | 43
1848 398 [-10.0| -1.6 | =09 | 44 | 81 | 119 | 124|123 | 87 | 55 | =19 | -1.5
1849 380 |37 | 27|33 15 | 85 124|128 | 113 | 92 | 56 | -1.0| 55
1850 320 | 81| -1.6|-38| 26 | 65 | 113|119 | 125 | 73 | 2.1 0.6 | 3.1
1851 312 | 27| 44|28 38 | 46 | 11.5 | 113 | 123 | 6.1 58 | 5.1 | -35
1852 4.64 | -18 | 46|40 08 | 85 | 11.6 | 141 | 127 | 88 | 42 | 44 | 0.7
1853 337 | -13 | 68|51 06 | 7.1 | 107 | 140 | 13.2 | 9.1 64 | -1.0 | -7.1
1854 360 | 44| 68|23 35| 86 | 102130 11.8| 94 | 59 | 2.6 | -39
1855 340 | =79 | 45|23 15 | 73 | 112 126|136 | 95 | 79 | -1.9 | 6.6
1856 428 | 1.7 | =19 | 27| 49 | 69 | 126 | 11.1 | 142 | 83 | 6.7 | 42 | 32
1857 440 | 65|60 |-261| 22 | 85 | 113|147 | 133 | 11.1 | 73 | 0.7 | 2.0
1858 358 | 67| 63|28 39 | 63 | 143 | 115|114 | 11.7 | 57 | 2.8 | -39
1859 4.67 | 48|33 |05 | 33| 77 | 11.7]17.0 | 146 | 95 | 6.6 | 0.8 | 6.3
1860 287 | 23| -80|-39 )| 1.7 | 85 | 11.0| 9.6 | 11.8 | 89 | 40 | 3.1 | 42
1861 417 | -70 | 08 | -14 | 12 | 70 | 119 | 124 | 143 | 92 | 6.7 | 0.6 | 45
1862 5.00 | 5.0 45| 2.1 52 1102|102 | 135 | 12.1 | 104 | 72 | 04 | 2.6
1863 478 | -18 |33 |-1.6| 35 | 92 | 109 | 11.8 | 145 | 89 | 73 | 05 | 3.1
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Appendix 1. Continued.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1864 284 | -72 | 44|09 08 | 75 | 104 | 11.6 | 112 | 90 | 34 | -1.5| 59
1865 453 | 38| -75|-58] 6.7 | 114|102 | 150 | 12.0 | 11.8 | 59 | 13 | 3.6
1866 454 | -14 | 21|22 41 | 54 | 125|120 | 11.7 | 10.8 | 49 | -0.6 | -1.1
1867 371 | 51| -13 | 22|29 | 84 | 11.0 | 114 | 135|105 | 39 | 2.1 | -6.5
1868 466 | 69|27 |-32] 21 |128 122|127 | 13.1 | 123 | 49 | 21| 04
1869 402 | 61| 05 |-39] 45 | 96 | 85 | 148 | 113 | 11.1 | 24 | 0.8 | 3.8
1870 292 | 59| 63| 44| 20 | 96 | 11.1 | 146|106 | 76 | 42 | 0.6 | 8.2
1871 276 | 83| 26|09 | 24 | 57 | 82 | 133|128 | 113 | 24 | 39| 75
1872 494 | 31|22 |-04| 35 | 77 | 106 | 133 | 11.5 | 105 | 64 | 1.8 | -0.6
1873 424 | 20| 48| 03 19 | 50 | 11.0 | 146 | 13.7 | 84 | 6.1 | 03 | 3.6
1874 396 | 32| 44| 24| 40 | 46 | 11.7 | 154 | 11.0 | 11.5 | 69 | 2.1 | -6.0
1875 353 | 27|78 -39 | 28 | 97 | 120 | 11.8 | 139 | 98 | 3.0 | -1.5| 55
1876 414 | 51| 28| -15] 32 | 41 | 11.0 | 133|133 | 83 | 7.2 | -1.0 | -0.6
1877 378 | -18 | 30| 31| 1.6 | 52 | 135 | 11.8 | 13.7 | 68 | 32 | 13 | 43
1878 366 | 60| 27|-30| 30 | 89 [109 | 11.6 | 125 | 94 | 56 | -13 | 53
1879 280 | 51| -39 |22 17 | 45 | 11.6 | 103 | 140 | 100 | 32 | 3.2 | 75
1880 405 | 73| 50| 02 | 35 | 63 | 102 | 141 | 11.8 | 102 | 49 | 03 | 0.8
1881 369 | =77 26| -12| 12 | 70 | 109 | 154 | 133 | 83 1.0 | 1.3 | 29
1882 423 | 23| -32| 10 | 26 | 82 | 99 | 123109 | 83 | 6.0 | 0.0 | 3.5
1883 350 | 41| 27|-60| 1.7 | 83 | 11.0 | 122 | 124 | 94 | 41 | 03 | 5.0
1884 426 | 23| 20| 00 | 20 | 92 | 83 | 141|132 | 98 | 33 | -14 | 35
1885 421 | 55| -05| 25| 47 | 63 | 128 | 135|123 | 98 | 3.7 | 02 | 45
1886 381 | 58|71 |-36| 43 | 85 | 9.7 | 132 | 125|114 | 6.0 | 02 | 42
1887 274 | 63| 64| -36| 25 | 52 |11.7 148 | 12.1 | 83 | 0.6 | 0.6 | -5.9
1888 310 | 63| 59| -34| 09 | 86 | 11.8 103 | 114 | 91 | 23 | 03| -1.5
1889 292 | 67|77 | 43| 1.7 | 103|125 | 11.8 | 11.5| 7.0 | 45 | 0.1 | -6.3
1890 292 | -18 | 77| -15| 22 | 91 | 97 | 109|123 | 84 | 29 | -19 | 85
1891 334 | 87|52 |-21| 04 | 84 | 112 | 115|113 | 101 | 64 | -1.0 | 2.8
1892 381 | 54|33 |38 30 | 79 | 11.1 | 119 | 145|104 | 42 | 1.0 | =59
1893 384 | 98| 30 |-10| 53 | 73 | 11.4 | 127 | 132 | 93 | 65 | -19 | 44
1894 382 | 52|41 |-12| 53 | 70 | 102|134 | 122 | 76 | 45 | 0.8 | 5.1
1895 359 | 85]-109| 29| 37 | 72 | 11.1 | 13.8 | 12.6 | 13.0 | 42 | 22 | 33
1896 304 | 62| 49| 04 | 04 | 56 | 114 | 127|102 | 87 | 43 | 2.6 | 3.8
1897 385 | 52| -18 |01 | 24 | 55 | 122|119 | 121 | 78 | 3.7 | 03 | 3.1
1898 470 | 07| 46| -21] 32 | 73 | 105|108 | 143 | 10.8 | 6.5 | 2.1 | 23
1899 405 | 23| -16|-13] 22 | 65 | 104 | 120|129 | 85 | 55 | 14 | 59
1900 420 | 39| 20| 47| 16 | 60 | 11.5 | 139 | 11.7 | 11.1 | 5.1 1.0 | -1.1
1901 359 | 51| 80| 26|29 | 84 |11.6 | 134 | 12.0 | 10.1 | 47 | 23 | 3.0
1902 360 | 28| 45| -16| 43 | 40 | 100 | 13.1 | 122 | 89 | 3.7 | -0.6 | 4.1
1903 412 | 43| -15| 05 | 02| 83 | 103 | 11.6 | 124 | 99 | 63 | -03 | 4.0
1904 448 | 37| 39| -13] 44 | 88 | 11.8 | 157 | 13.1 | 72 | 45 | 08 | 25
1905 348 | 62| 45| 08| 17 | 65 | 119|152 123 | 96 | 04 | 03 | 3.8
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Appendix 1. Continued.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1906 371 | -39 | 52|29 26 | 7.7 | 95 | 126 | 128 | 79 | 7.1 1.8 | -6.2
1907 390 | 57| -68|-32)| 08 | 95 | 109 | 106 | 13.1 | 10.1 | 7.4 1.2 | 2.0
1908 363 | 42| 46|26 06 | 95 | 127|122 | 11.0 | 8.1 54 | 14| 35
1909 318 | 62 | =73 |25 39 | 66 | 9.7 | 103|122 | 87 | 65 | 23 |24
1910 391 | 3.8 | 29| -1.1 | 2.1 69 | 113107 | 120 | 72 | 58 | 0.8 | 0.9
1911 470 | 6.1 | 40 | -0.8 | 2.1 7.7 1104 | 154 | 147 | 105 | 5.5 1.3 | -1.1
1912 363 | -3.8] 04| 0.7 1.5 | 83 | 11.2 ] 120 | 10.0 | 3.9 | 3.1 | 25| -0.7
1913 418 | 32|40 1.1 | 26 | 75 | 98 | 93 | 11.1 | 85 | 73 | 25 | 3.0
1914 392 | -78 | 0.1 |-09 | 49 | 60 | 9.7 | 113|129 | 83 | 42 | 0.6 | 09
1915 366 | 49| 32|30 21 94 | 127 | 119 | 11.0 | 72 | 2.0 | 2.1 | 05
1916 423 | -13|-32|-03] 30 | 89 | 88 | 11.5 | 11.8 | 7.6 | 5.0 | 0.7 | 2.1
1917 335 | -74 | -64 | 35|03 | 1.1 | 13.2 | 125 | 122 | 11.7 | 29 | 0.1 | -6.4
1918 446 | 21|26 |-04] 38 | 92 | 87 | 122 | 11.8 | 99 | 34 | -0.1 | -0.8
1919 330 | 38| 43 |-15) 02 | 65 109 94 | 13.1 | 115 | 1.5 | -1.7 | 2.6
1920 475 | -14|-10| 1.2 | 39 | 10.0 | 102 | 12.7 | 11.0 | 92 | 3.8 | 02 | 3.1
1921 491 | 08 | 41| 09 1.8 1 93 | 103|153 | 13.0 | 103 | 79 | 2.0 | -3.6
1922 324 | 57| 46|08 | 1.2 | 94 | 11.7 | 11.5 | 123 | 6.8 1.6 | 24| 27
1923 417 | 50| 26|08 25 | 84 | 7.8 | 148 | 13.0| 97 | 72 | 0.0 | -55
1924 375 | 47| -73 |23 23 | 92 | 106 | 124|100 | 98 | 55 | 04 | 1.5
1925 383 | -1.8 | -1.7 | 4.6 | 3.1 83 | 11.0 | 125|120 | 6.8 | 53 | 2.1 | 3.4
1926 454 | 42| 07 | -1.6 | 46 | 65 | 89 | 113 | 122 | 114 | 52 | 3.6 | 42
1927 4.09 | 37 |1-39 | 00 | 25 | 81 | 114|126 | 121 | 95 | 43 | 0.6 | 48
1928 443 | 26|28 | -13 ] 32 | 54 | 112|159 | 13.1 | 88 | 55 1.5 | -5.0
1929 392 |77 -99 | -13 | 03 | 83 | 11.2 | 13.8 | 13.0 | 12.0 | 6.0 1.8 | -1.3
1930 471 | 03 |-52|-03) 35| 71 | 139|116 | 120 | 98 | 49 | 25 | 33
1931 320 | 48| 59|45 13 | 103 ] 13.0 | 12.1 | 11.1 | 5.1 3.7 14 | 5.1
1932 415 | 24| -86|-341] 20 | 76 | 104 | 12.5 | 144 | 12.0 | 45 1.0 | -0.7
1933 342 | -6.1 | 48| -0.1 | 25 | 60 | 89 | 13.6| 13.1 | 100 | 54 | -05| =75
1934 512 | 38| 41 |-1.1 | 56 | 95 | 114 | 141|120 | 11.5 | 50 | 0.2 | 0.6
1935 384 | -70 | 40| 26| 1.7 | 64 | 13.1 | 13.8 | 123 | 10.1 | 43 1.7 | 4.2
1936 417 |08 |-33| 07 | 25 | 7.7 | 108 | 11.9 | 120 | 9.0 1.2 | 0.1 | -1.9
1937 4.60 | 23|22 |-17] 2.6 | 10.1 | 120 | 13.0 | 125 | 93 | 63 | 0.2 | 4.7
1938 427 | 37139 21 | 06| 65 | 126|123 | 123|104 | 52 | 24 | 49
1939 38 | 20| 20|41 44 | 51 | 114 122|127 | 84 | 3.1 | 23 | 5.0
1940 313 | 88| 36| -1.7| 35 | 76 | 109 | 11.6 | 108 | 9.4 | 45 1.3 | 7.9
1941 313 |67 | -33|-08)| 09 | 46 | 11.8 | 13.0| 112 | 84 | 32 | -1.0| 43
1942 398 | 9.1 | 80| -04 | 28 | 83 | 109 | 122 | 13.0 | 120 | 85 | 23| -1.1
1943 490 | 35| -1.8| 14 | 4.1 83 | 9.7 | 132|143 | 104 | 7.1 | -1.5| =35
1944 353 | 23|66 |51 |38 | 72 | 99 | 121|150 | 88 | 40 | 03 | 44
1945 4.62 | 83 | -1.2 | 0.1 36 | 98 | 129 | 139 | 122 | 100 | 58 | -0.8 | -3.0
1946 447 | 47 |-30|-03| 57 | 94 | 106|138 | 123|108 | 3.6 | 03 | 54
1947 514 | =75 59| 00 | 56 | 102|129 | 148 | 145 | 134 | 54 1.6 | -3.9

19




Appendix 1. Continued.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1948 502 |06 41| 1.7 | 44 | 95 | 105|103 | 121 | 98 | 57 | 23 | -1.7
1949 499 | 28|25 |30 55| 71 | 102|138 | 128 | 12.6 | 7.5 | =03 | —-1.5
1950 481 | 47| -12 ] 0.0 1.7 | 102 | 140 | 150 | 132 | 9.1 | 46 | 0.8 | 5.2
1951 470 | 27|28 |-241] 26 | 76 | 11.0 | 132 | 13.0 | 10.6 | 42 | 2.6 | -1.0
1952 397 | 47| 58| -13 | 50 | 77 | 12.1 | 156 | 140 | 64 | 41 | -14 | 47
1953 482 | 63|51 04 | 42 | 87 | 10.6 | 134 | 12.7 | 10.5 | 6.5 1.7 | -0.1
1954 360 | 81| -63| 04 | 08 | 70 | 11.5] 103 | 11.8 | 9.8 | 6.0 1.5 | 2.1
1955 379 | 32| 50 |-34 |23 | 72 | 11.1 | 122|121 ] 9.0 | 39 | -02 | -1.1
1956 307 | -35|-129|-13 | 1.7 | 86 | 89 | 129 | 114 | 11.1 | 42 | 2.6 | 24
1957 459 | 34|06 26 | 26 | 52 | 123 |13.0 | 113 | 86 | 58 | 02 |29
1958 433 | 41 |-15|-47] 0.6 | 10.8 | 10.8 | 13.4 | 13.6 | 11.1 | 44 | -0.8 | 2.1
1959 516 | 42| -16| 1.8 | 46 | 83 | 11.5 | 145|122 | 104 | 55 | 02 | -1.6
1960 432 | 43|27 00 | 28 | 89 | 119|108 | 123 | 85 | 55 | 2.0 | 4.0
1961 529 | 42 00 1.0 | 6.0 | 6.1 | 120 11.7 | 12.7 | 13.6 | 6.9 | 0.7 | 3.1
1962 356 | 32| 54|43 )38 | 62 105 122]139| 96 | 58 | -1.0 | 5.8
1963 372 | 9.6 | =75 | -1.3 | 4.1 74 | 11.5 | 140 | 12.0 | 10.1 | 5.1 36 | 54
1964 435 | 50|30 |-32] 43 | 95 | 125|149 | 123 | 10.1 | 2.8 | 03 | 3.5
1965 351 |32 -78|-1.7| 1.7 | 6.6 | 12.0 | 114 | 11.7 | 87 | 53 | -1.1 | 2.3
1966 447 | 62| 1.1 | 25| 49 | 83 | 123 | 11.1 | 11.2 | 10.6 | 7.7 | -1.5 | 3.5
1967 472 | 40|23 |-04] 19 | 84 | 107 | 150|129 | 98 | 82 1.1 | 5.1
1968 406 | 59| -30|-09| 45 | 77 | 115|119 | 114 | 90 | 72 | 05 | =52
1969 397 | 28| 552226 | 99 | 96 | 136 11.6 | 104 | 69 | 09 | -7.8
1970 38 |35 -51|-36| 08 | 65 | 12.6 | 124 | 128 | 10.1 | 49 | 2.5 | 4.7
1971 455 | 25|50 |-43] 52|95 |99 | 145|138 | 83 | 6.1 | -0.7 | 1.0
1972 420 | 43|06 14 | 20 | 74 | 105|124 | 12.1 | 6.8 | 3.1 0.8 | -1.5
1973 387 | 47| 53|22 0.1 93 | 11.6 | 12.1 | 14.1 | 10.7 | 3.6 | -0.1 | 3.5
1974 440 | 06|20 13 | 29 | 70 | 98 | 12.1 | 135 92 | 0.1 04 | -14
1975 446 | 08 | 25| -1.6 | 2.1 85 | 9.8 | 13.1 | 129 | 120 | 41 | -0.7 | 4.0
1976 444 | 38|26 |-25]26 | 91 | 133|145 |11.0| 87 | 69 | 0.0 | 43
1977 476 | 32| -12 ] 2.0 1.1 7.8 | 11.5 | 129 | 11.7 | 80 | 7.1 03 | -1.5
1978 378 | 41| 50|-06| 23 | 6.6 | 107 | 11.5 ]| 113 | 87 | 46 | 0.6 | 2.0
1979 421 | 6.7 |36 |02 1.1 87 | 119 | 119 | 11.7 | 9.6 | 6.7 | 0.6 | 0.6
1980 361 | 57| -16|-09 | 03 | 6.1 | 102 ] 106 | 13.4 | 10.7 | 46 | —0.6 | 4.1
1981 432 | 59|54 21 | 41 83 | 11.7 | 12.1 | 13.1 | 10.0 | 5.0 | 03 | 43
1982 508 | 29|39 |-1.1| 14 | 89 | 125 | 147 | 12.6 | 12.1 | 55 | 2.7 | 2.2
1983 517 | -09 | 62 |-02 | 44 | 76 | 12.1 | 17.6 | 13.2 | 10.1 | 5.8 | 0.2 | 2.0
1984 410 | 33|59 |28 1.8 | 65 | 107|128 | 126 | 83 | 6.6 | 39 | 23
1985 412 | 81 |-51|-221] 3.0 | 90 | 100 | 144 | 13.0 | 11.2 | 55 | 22| 03
1986 436 | 42| -95|-12 ] 21 | 105 | 115|128 | 129 | 94 | 6.6 | 24 | 22
1987 410 | 8.6 | 29 |47 | 46 | 55 | 106|133 | 125|126 | 6.7 | 0.8 | 1.2
1988 489 | 03 |-35|-27] 40 | 98 | 11.0 | 13.7 | 133 | 95 | 7.0 | 0.8 | 2.7
1989 556 | -1.7 | -02 | 26 | 28 | 95 | 106 | 13.7 ]| 13.1 | 96 | 7.1 | -0.1 | 0.7
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Appendix 1. Continued.

Year |Annual| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1990 535 |13 | 14 | 20 | 1.7 | 102 | 11.0 | 132 | 141 | 84 | 74 | 03 | 4.0
1991 436 | 39| 50| 1.6 | 2.1 | 51 | 106 | 148 | 142 | 11.7 | 47 | 03 | 4.4
1992 535 | 3.1 |-20]-02] 30 | 106 | 119 | 144 | 16.1 | 102 | 32 | 23 | 2.6
1993 479 | 09| 42| -13| 53 | 106 | 12.1 | 12.1 | 13.0 | 9.1 | 49 | 25| -1.2
1994 584 | 23| 27|25 | 24 | 89 | 127|168 | 145 | 96 | 53 | 34 | -1.7
1995 474 | 44| 03| 21| 36 | 88 | 99 |160|127| 79 | 85 | 0.1 | 4.1
1996 356 | 52| 67| -36] 30 | 91 | 120|126 | 126 | 7.1 | 6.0 | 1.7 | =63
1997 508 | 36 |-05] 1.2 | 1.7 | 93 | 113 | 12.1 | 145 | 11.0 | 42 | 13 | -1.8
1998 497 | 23] 00 |-1.0| 39 | 9.7 | 13.0 | 133 | 138 | 89 | 51 | 2.6 | 25
1999 507 | -1.1 | 54| 04 | 35 | 103 | 11.0 | 141 | 133 | 12.1 | 55 | -1.4 | 2.7
2000 569 | 44| -12 |04 ] 54 | 107 | 13.6 | 11.1 | 147 | 104 | 62 | 2.1 | 0.0
2001 494 | 28| 21| 1.0 | 2.1 | 11.1 | 109 | 143 | 145 | 69 | 98 | -1.8 | 5.6
2002 567 |21 |-01] 14 | 32 | 95 | 144|136 | 133 | 80 | 54 | 2.8 | -1.7
2003 580 | 47|59 ] 14 | 38 | 108|166 | 152|173 | 103 | 25 | 3.1 | -1.6
2004 489 | 45| 26|-09| 44 | 76 | 11.8 | 134 | 140 | 104 | 7.6 | 04 | 23
2005 480 | 35| 59| 06| 44 | 95 | 134|138 | 11.7 | 109 | 79 | 02 | 49
2006 564 | 47| 48| 27| 36 | 92 | 13.1| 177|107 | 129 | 89 | 3.6 | 0.5
2007 554 | 09| -04] 04 | 78 | 102|132 | 13.6 | 129 | 83 | 47 | 09 | 2.7
2008 537 | 07 |-05|-12] 3.0 | 108 | 13.1 | 13.6 | 13.5 | 83 | 6.1 | 1.3 | -3.0
2009 539 | 50| 41 ]-17] 69 | 108 | 114 | 143 | 150 | 11.0 | 51 | 39 | 3.4
2010 427 | 6.6 | 37|09 | 44 | 7.1 | 125|157 | 127 | 87 | 47 | 0.8 | 4.7
2011 599 | 36| -22] 09 | 70 | 105|122 | 11.8 | 148 | 12.0 | 58 | 3.8 | 1.5
2012 535 | 34| -79 ] 25 | 40 | 105|132 | 13.8 | 148 | 102 | 59 | 25 | =25
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Appendix 2. Mean annual (7., *) and monthly (7, *) air temperatures (°C) at the reference plot (CT-L)
near Certovo Lake, modelled from the Churanov data (1961-2012).

Year | Annual | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1961 540 | -39|-01| 13 | 69 | 63 | 126 | 112 | 122 | 13.8 | 7.1 1.1 | -39

1962 3.37 32|54 |-45| 43 | 54 100 | 115|132 | 93 | 59 | 09 | 5.6

1963 373 |-105| 7.8 | -13 | 40 | 7.7 | 122 | 142 | 122 | 10.7 | 48 | 3.6 | 5.6

1964 4.34 43|36 |-39| 44 | 90 | 136|143 | 119|101 | 33 | 03 | 3.1

1965 3.47 30 |-76 | -1.7] 16 | 6.1 | 11.7 | 113 | 11.5| 96 | 59 | 22 | 24

1966 4.58 70 | 12 | 21| 50 | 88 | 126 | 11.7 | 11.4 | 99 | 83 | -12 | 3.5

1967 4.83 42|23 0.1 1.9 | 85 | 11.0 | 148 | 124 | 10.0 | 84 13 | 46

1968 4.15 6.0 |29 |07 45 | 74 | 119|121 | 11.7 | 92 | 6.7 1.0 | 52

1969 4.19 2.6 | 56 |-33] 24 | 102|106 | 143 | 11.7 | 10.5 | 7.7 1.0 | =73

1970 3.85 43| -52|-33] 08 | 60 | 127|124 | 128 | 10.1 | 48 | 2.7 | 39

1971 4.64 26| 42| -37| 44 | 97 | 99 | 142|146 | 80 | 56 | 05| 0.5

1972 432 54102 12 | 21 73 | 11.5 | 13.6 | 12.1 | 69 | 3.1 06 | 09

1973 422 30|41 |-10| 03 | 87 | 119|126 | 144 | 112 | 39 | -1.1 | 3.8

1974 4.63 08| -1.0| 1.9 | 3.1 70 | 97 | 112 | 140|100 | 0.5 | 05 | 0.8

1975 4.99 -05|-23|-05| 23| 85 |103| 137|137 |13.1 | 50 | -09 | 3.3

1976 4.41 42|26 |-38] 27 |90 | 132|148 |11.1 | 89 | 74 | 0.7 | 44

1977 4.94 28 | -13 | 22 1.2 | 80 | 120 | 126 | 123 | 78 | 80 | 02 | -1.6

1978 3.84 39| 47,01 |20 | 64 |105| 114 108 | 82 | 54 1.7 | 2.6

1979 4.11 69 | 44| 0.0 1.2 | 89 | 13.6 | 10.7 | 11.7 | 97 | 5.6 | 0.6 | 0.7

1980 3.26 56 | -19|-15] 05 | 55 | 102|105 | 127 | 103 | 43 | -1.5 | 45

1981 4.16 6.1 |49 |22 | 32| 89 | 119|120 125|107 | 45 | -03 | 5.1

1982 5.13 35| 45|-06| 05 | 88 | 125|143 | 13.0 | 13.0 | 6.1 | 2.8 | 1.6

1983 5.16 -14 |60 | -03] 46 | 82 | 122|169 | 134 104 | 54 | 02 | 24

1984 3.88 42|54 |-28] 18 | 67 | 100 | 11.7 | 126 | 83 | 7.1 | 2.6 | 2.1

1985 3.70 81|68 |-15] 24 | 92 | 89 | 135|127 104 | 58 | 32| 02

1986 4.29 -5.1|-103 | -1.6 | 3.8 | 10.8 | 11.4 | 12.8 | 128 | 9.1 64 | 25 | 22

1987 3.78 81| -27|-58] 39 | 60 | 105|133 | 115|119 | 58 | 0.8 | 2.0

1988 4.70 0732|2935 |96 |I11.1|136|130| 93 | 70 | -1.6 | 2.6

1989 5.60 0.6 | 0.0 | 2.1 35 | 89 | 105|132 | 127 | 104 | 6.7 | 02 | -0.6

1990 5.23 -1.6 | 14 | 22 19 | 98 | 113 | 124|142 | 75 | 74 | 0.0 | 43

1991 4.26 2915921 |20 | 45 | 100|146 | 139 | 113 | 39 | 04 | 3.5

1992 5.37 27 |-16 |06 | 23 | 99 | 125 | 148 | 16.8 | 104 | 2.9 1.3 | -1.7

1993 4.71 -1.7 |27 |-18 | 51 | 108 | 11.6 | 11.8 | 129 | 94 | 48 | 2.6 | -1.8

1994 5.68 21|37 14 | 3.1 85 | 124 | 173 | 141 | 103 | 42 | 32 | -1.2

1995 4.71 47|04 |21 35| 87 | 102|161 | 132 | 84 | 87 | 0.8 | 4.7

1996 3.63 48 | 54|43 40 | 88 | 127 | 11.6 | 12.7 | 64 | 58 12 | 54

1997 4.99 33|09 10 | 08 | 90 | 120 | 125|147 | 11.0 | 3.6 | 0.7 | -1.6

1998 5.01 -18 | 04 | -13 | 48 | 99 | 129|127 | 135 | 94 | 51 | 28| 3.1

1999 5.25 -12 |51 08 | 4.1 98 | 11.5| 145|133 | 13.0 | 53 | -09 | 3.0

2000 5.99 44| -16 |06 | 63 | 11.1 | 140 | 11.0 | 147 | 103 | 8.0 | 29 | 0.1

2001 4.99 32 |-1.7) 06 | 24 | 11.0 | 105 | 141 | 146 | 75 | 97 | -1.1 | 5.3

2002 5.78 2.6 | 00 | 1.1 30 | 114|146 | 140 | 145 | 84 | 43 | 2.8 | =25
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Appendix 2. Continued.

Year | Annual | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2003 5.69 48|55 08 | 33 | 112|163 | 148 | 17.2 | 109 | 2.1 3.0 | -1.7
2004 4.79 55126 |-10| 45 | 73 | 11.4 | 13.0 | 142 | 102 | 7.0 | 02 | -14
2005 4.69 36|60 |-16| 46 | 95 | 128 | 13.7 | 11.8 | 11.0 | 7.7 | -0.1 | 4.3
2006 5.83 45|43 |26 37 | 89 | 135|175 |109 | 129 | 92 | 3.6 | 0.6
2007 5.68 -1.0 | 0.2 | 1.1 73 1102 | 13.8 | 135|134 | 81 | 45 | -0.8 | 2.0
2008 5.58 09 |-05|-09 ] 3.6 | 103 | 135|136 | 134 | 86 | 63 | 2.1 |24
2009 5.56 43| -35|-08] 84 | 96 | I11.1 | 140 | 149 | 11.5 | 45 | 40 | 32
2010 4.34 69 | 38| -1.0| 47 | 75 | 128 | 162 | 129 | 84 | 44 1.8 | 54
2011 6.01 -3.0|-34| .0 6.8 | 10.0 | 12.6 | 12.1 | 14.7 | 123 | 58 | 4.1 | -14
2012 5.38 38|80 | 24 | 43 | 108 | 132 | 13.7 | 146 | 103 | 6.0 | 3.0 | 24
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