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1 RATIONALE

If we measure rainfall, in order for the data to be useful for future users, we also need to
document where and how the measurements were made. Station documentation is information
about the data or data about the data: metadata. The word metadata is made up by the addition of
the Greek “meta” (beyond) and the Latin “datum” (2 given fact). Metadata should reflect how,
where, when and by whom mformation was collected. Ideally, complete metadata should register
all the changes a station has undergone during its lifetime, composing what is called the station
history.

Supplementary information about the observations, such as type of instrument or exposure, can
provide additional insights into interpreting the observed gquantities. Sometimes when the
instruments change, the observations will show an artificial increase or decrease. Such a jump in
the measured amount 15 an example of an inhomogeneity and adjustments to these data are often
applied to account for the effects of the inhomogeneity. If a long-term time series is
homogenecus, then all variability and change 1s due to the behavior of the atmosphere.

Every user and provider of climate data has to deal with metadata and homogeneity to some
extent. Many climate researchers throunghout the world have developed effective approaches for
dealing with the many aspects of metadata and homogeneity. The following document is based
on their collective experience and should and is intended to offer guidance to the NMHSs on
these matters.
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SEA-LEVEL PRESSURE VARIABILITY IN THE PO PLAIN (1765-2000)
FROM HOMOGENIZED DAILY SECULAR RECORDS

MAURIZIO MAUGERL* MICHELE ERUMETTL® FABIO MONTR and TERESA MANNI®
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ABSTRACT

A homogenized 236 yvear daily regional sea-level pressure (SLP) record 15 constructed for the Po Plain (north Ttalv) by
means of six station records: Bologna, Genoa, Lugano, Milan, Padua and Turin. Station mcords are subjected to a first
homogenization in order to reduce all observations to sea level and to 0°C and to comect the bias introduced by caloulating
daily means using different sets of observation hours. A& second homogenization 15 performed by means of companson
with other Italian and Eurcpean series. After homogenization, the root-mean square error of the yearly station records is
evaluated within 0.2 hPa after 1280, whereas for the periods 1834— 18280 and 17651833 it is estimated as between 0.2
and 0.3 hPa and as around 0.4 hPa mspectively. Trend analysis is applied to the annual and seasonal regional records
and concerns both SLP and itz day-to-day variability. The results show that neither the SLP nor its day-to-day variabilicy
have an evident trend when considering the entire 17652000 penod. However, if the series is divided roughly in two
parts. then sigmificant trends can be highlighted. The annual and seasonal regicnal SLP records are also compared with
corresponding regional temperature series. The results show that, especially in spring and in summer, temperature and
SLP are in good agreement. Copyright © 2004 REoyal Meteorological Society.

KEY worDs: Po Plain: data homogenization: trend analysis; daily air-pressure meoonds; day-to-day variability
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A NEW INSTRUMENTAL PRECIPITATION DATASET FOR THE GREATER
ALPINE REGION FOR THE PERIOD 1800-2002
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ABSTRACT

The paper describes the development of a dataset of 192 monthly precipitation series covering the greater alpine region
(GAR 4-13'E bv 43-49°'M). A fow of the tme series extend back o 1500, A descsiption is provided of the sometimes
laborious processes that were involved in this work: from locating the original sources of the dam to homogenizing the
reconds and eliminating as many of the cutliess as possible. Locaring the records required exhaustive seasches of aschives
currently held in yearbooks and other sources of the states, covntries and smaller regional awthorities thar existed =zt
varions times dusing the last 200 vears. Homogeneity of each record was sssessed by comparsison with neighbouging
series, although this becomes difficult when the density of ststions redoces in the earliest vears. An sdditional 47 series
were used, but the densitv of the sites in Austria and Swirzerland was sedoced to maintain an even coverage in space
across the whaole of the GAR. We are confident of the sesies back to 1840 but the guality of dam before this dare muose
be considered poorer. Of all of the issues invelved in homogenizing these dats, perhsps the most serions problem is
associated with the differences in the height above groend of the precipitation geuges, in particulas the general lowering
of gange heights in the late 1%h cenmry for all conardes with the exception of Iraly. The standard gauge height in the
early-to-mid 19th cenmoy was 15—-30 m above the groond, with genges being zenerallv sited on rooftops. Admstments to
some secies of the order of 30-50% sre necessary for compatibility with the nesr-ground location of ganges docing much
of the 20th centery. Adjustments sre sometimes lasger in the winter, when carching snowisll presents serious problems.
Data from mocntin-top observatosies have oot been inchuded in this compilation (becanse of the problem of measuring
snowfall), so the highest gange sites sre at elevations of 1600—1900 m in high alpine valley locations. Two subsequent
papess will analvse the dataset. The frst will compare the series with other large-scale precipiration datasets for this
region and the second will describe the major modes of temgporsl vasishilite of precipitation totals in diffesent seasons
and determine coherent regions of spatial variability. Copyright © 2005 Roval Meteorological Society.

KEY WoRDS: monthly precipitation tme series; homogeneity; instrumental period; zreater alpime fegiom

* Correspondence to: Ingeborz Awner, Central Instime for Meteorology snd Geodvnamics, Hohe Warte 38, A-1190 Wien, Anstria;
e-mail; ingeborg aner @zamg ac.at
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Copyright © 2005 Roval Meteorological Society
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Characterization and climate response patterns of a high-elevation,
multi-species tree-ring network in the European Alps

: *
David Frank™, Jan Esper
Swiss Federal Research Insviture WSL, Birmensdorf, Switzerland

Received 7 April 2004; accepted 15 December 2004

Abstract

We combine 53 ring width and 31 maximum latewood density data sets from a network of high-elevation tree sites
distributed across the European Alps (43-48°N and 6-147E). This network 15 analyzed to understand the chmate, and
in particular, the temperature signal, in terms of geography, species and measured parameter. These analyses will be
useful for any subsequent climatic reconstruction. The first Principal Component (PC) of the ring width chronologies
explains 20% of the network’s variance and correlates significantly with the June-August summer season
temperatures, while that of the density chronologies explains 69% of the variance and correlates with the wider
April-September season. Of the four species considered, ring width records from Picea abies, Lavix decidua, and Pinus
cembra tend to show most similar responses to climate, with the Abies alba having a more unique response. The
climatic signal of the density chronologies is rather independent of species and site ecology. It is quite strong across the
network, although possibly weighted towards the higher-frequency domains. In comparison, the ring width
chronologies display much greater site- and species-specific components in their climate response, with only elevation
found to serve as an indicator for the level of seasonal temperature response. Climatic gradients across the network are
shown to exist through spatial correlation and rotated Prinapal Component Analysis (PCA). These gradients are
rather small, but show similar patterns to those observed in PCA of instrumental data. High correlations between
temperature and Latix decidua are found despite concern over the presence of effects from the larch budmoth on the
climatic signal. Similarly, the ring width parameter of Pinws cembra showed strong ability to serve as a proxy, notable
in the context of this species to have poorer responses to temperature when considering maximum latewood density.
The potential for a regional climatic reconstruction, using the networks PCs as predictors exists, as demonstrated by
the high and consistent loadings across the network on the first PCs for both the ring width and density chronologies.
iy 2005 Elsevier GmbH. All rights reserved.

Keywords: Dendroclimatology; Temperature; Ring width: Maximum latewood density; Network: Alps
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GIS-based modelling of glacial sediment balance
Michael Zemp, Andreas K3ib, Martin Hoelzle and Wilfried Haeberli, Zurich
with 8 figures and 2 tables

Summary. In view of ongoing atmospheric warming, there is concern as fo whether
retreating glaciers uncover a rocky or sedimentary bed. Sedimentary beds are
abundant in high-mountain areas and represent, if exposed, a severe hazard potential
for outbursts of periglacial lakes or debris flows. Furthermore, knowledge about glacier
sediment balance is needed when dealing with climate sensitivity of recent and historical
glaciers.

The main factors influencing sediment balance of a glacierised mountain catchment
have been organised into an index (L) of glacier erosion and sedimentation, which
distinguishes between glaciers eroding into bedrock and those building up thick sedimentary
beds. GIS-based methods were developed fo extract the needed I..-parameters from Digital
Elevation Models (DEM), digitised glacier outlines and central flowlines. These methods
were automated and tested on 84 Swiss Alpine glaciers. The results were validated through
comyparisons with forefield classifications and manually derived index results.

The comparison with classified forefields confirms that the index allows for a rough
assessment of the glacial sediment balance. In order to improve the predictability of glacier-
bed characteristics, a better understanding of the periglacial debris production 15 necessary.
However, the high overall accuracy of the comparison with the manual glacier-by-glacier
mvestigation shows the potential of using GIS-based modelling with DEM in
geomorphodynamics.
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TEMPERATURE AND PRECIPITATION VARIABILITY IN THE EUROPEAN
ALPS SINCE 1500
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ABSTRACT

High-resolution temperature and precipitation variations and their seasonal extremes since 1500 are presented for the
European Alps (43.25-4825°N and 4.25-16.25°E). The spatial resolution of the gridded reconstruction is given by
0.5 % 0.5 and monthly (seasonal) grids are reconstructed back to 1659 (1500-1658). The reconstructions are based
on a combination of long instrumental station data and documentary proxy evidence applying principal component
regression analysis. Annual, winter and summer Alpine temperatures indicate a transition from cold conditions prior to
IQSEIEI to present day warmth. Very harsh winters occurred at the turn of the seventeenth century. Warm summers were
recorded around 1550, during the second half of the eighteenth century and towards the end of the twentieth century. The
vears 1994, 2000, 2002, and particularly 2003 were the warmest since 1500, Unlike temperature, precipitation variation
aver the European Alps showed no significant low-frequency trend and increased uncertainty back to 1500, The vears
1540, 1921 and 2003 were very likely the driest in the context of the last 500 years.

Running correlations betwezen the North Atlantic Oscillation Index (NAOT) and the Alpine temperature and precipitation
reconstructions demonstrate the importance of this mode in explaining Alpine winter climate over the last centuries. Winter
NAOI correlates Eu:usitively with Alpine temperatures and negatively with precipitation. These correlations, however, are
temporally unstable. We conclude that the Alps are sitvated in a band of varying influence of the NAO, and that
ather atmospheric circulation modes controled Alpine temperature and precipitation variability through the recent past.
Copyright © 2005 Royal Meteorological Society.

KEY WorDS: European Alps; principal component regression; temperatur; precipitation; climate variability; reconstmctions; North
Atlantic Oscillation
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A 1052-year tree-ring proxy for Alpine summer temperatures

Received: 5 November 2004 Accepted: 12 Aprl 2005

@ Springer-Verlag 2005

Abstract A June—August Alpine temperature proxy ser-
ies is developed back to ap 951 using 1,527 ring-width
measurements from hiving trees and relict wood. The
reconstruction is composed of larch data from four Al-
pine valleys in Switzerland and pine data from the
western Austrian Alps. These regions are situated in
high elevation Alpine environments where a spatially
homogenous summer temperature signal exists. In an
attempt to capture the full frequency range of summer
temperatures over the past millennium, from inter-an-
nual to multi-centennial scales, the regional curve stan-
dardization technigue is applied to the ring width
measurements. Correlations of 0.65 and (.86 after dec-
adal smoothing, with high elevation meteorological
stations since 1864 indicate an optimal response of the
RCS chronology to June—August mean temperatures.
The proxy record reveals warm conditions from before
AaD 1000 into the thirteenth century, followed by a pro-
longed cool period. reaching minmum values in the
1820%, and a warming trend into the twentieth century.
This latter trend and the higher frequency variations
compare well with the actual high elevation emperature
record. The new central Alpine proxy suggests that
summer temperatures during the last decade are
unprecedented over the past millenninm. 1t also reveals
significant similarities at inter-decadal to multi-<centen-

mal frequencies with large-scale temperature recon-
structions, however, deviating during certain periods
from H.H. Lamb's European/North Atlantic tempera-
ture history.
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Worldwide glacier mass balance measurements:
general trends and first results of the extraordinary year 2003 in Central Europe

M. Zemp, R. Frauenfelder, W. Haeberli, M. Hoelzle
World Glacier Monitoring Service (WGMS), Zirich, Switzerland

PaccmoTpeHsl TpeHgbl HanaHca Maccsl NeJHHKOB MHPA, B YACTHOCTH, 3a
1960—2001 rr. W gna upe3pbldaiHo *apkoro W cyxoro neta 2003 r. 8 LeHTpans-
voii Eepone, kotopoe npueeno k notepe 5—10% ofbema negrukoe Anen.

Introduction

Worldwide collection of information about ongoing
placier changes was initiated in 1594 with the foundation
of the International Glacier Commission at the Sixth
International Geological Congress in Zirich, Switzerland.
It was hoped that long-term glacier observations would
pive insight into processes of climatic change such as the
formation of ice ages. In 1986 the World Glacier
Monitoring Service (WGMS) started to maintain and

continue the collection of information on ongoing glacier

changes, when the two former I'CSI services PSFG
{Permanent Service on Fluctuations of Glaciers) and

TTS/WGI (Temporal Technical Secretary, World Glacier

Inventory) were combined [4].

Since its initiation, the goals of international glacier

monitoring have evolved and multiplied. Today, the
WGMS is integrated into global climate-related observa-
tion systems and collects standardized observations on
changes in mass, volume, area and length of glaciers with
time (placier fluctuations), as well as statistical informa-
tion on the distribution of perennial surface ice in space
{glacier inventories). Thus, a valuable and increasingly
important data basis on glacier changes has been built up
over the past century [4].

International assessments such as the periodical
reports by the Intergovernmental Panel on Climate
Change (IPCC) or the GCOS/GTOS Plan for Terrestrial
Climate-related Observation [1] define mountain glaciers
as one of the best natural indicators of atmospheric
warming with the highest reliability ranking. The Global
Terrestrial Network for Glaciers (GTN-G) of the Global
Terrastrial Observing System (GTOS), aims at combining
{a) in-situ observations with remotely sensed data, (b)
process understanding with global coverage and {c) tradi-
tional measurements with new technologies by using an
integrated and multi-level strategy. This approach, the
Global Hierarchical Observing Strategy (GHOST), uses
observations in a system of Tiers. These Tiers include
extensive glacier mass balance measurements within
major climatic zones for improved process understanding
and the calibration of numerical models (Tier 2) as well

as the determination of regional glacier volume change
within major mountain svstems using cost-saving
methodologies (Tier 3). A network of 60 glaciers repre-
senting Tiers 2 and 3 is already established. This data
sample closely corresponds to the data compilation pub-
lished so far by the WGMS with the bi-annual «Glacier
Mass Balance Bulletine [&].

The present contribution gives an overview on
presently observed rates of change in worldwide mass bal-
ance of mountain glaciers, corresponding trends and
regional peculiarities, such as the extremely hot and dry
Central European summer of 2003,
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Reconstructing the climate of the 250 yvears of instrumental
records at the northern border of the Mediterranean

(the Alps)(™)

E. Béum

Climate Department, Central Institute for Meteorology and Geodynamics (ZAMG)
Vienna, Austria

(ricevuto 11 Settembre 2005)

Summary. — The paper provides a selection of first results based on a newly
developed instrumental climate database for the European Alps and their wider
surronndings. After an outline on data availability, network density, series durations
and quality aspects some examples for the two main climate elements temperature
and precipitation show some principal features of climate variability and trends in
the region. Regional as well as seasonal differences are discussed. The overview
closes with examples dealing with changes of climate variability: For temperature
as well as for precipitation i(the former stronger, the latter weaker and with regional
modifications) inter-annual (-seasonal, -monthly) variability has not inereased but
decroased during the past two centuries of well-proved instrumental data in the
study region.

PACS 92.60. By — Climatology.

PACSE 02,700t — Climate dynamics.

PACS 92.60.We — Weather analvsis and prediction.
PACS 01.30.Cc — Conference proceedings.

10
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TEMPERATURE RECONSTRUCTIONS AND COMPARISONS WITH
INSTRUMENTAL DATA FROM A TREE-RING NETWORK FOR THE
EUROPEAN ALPS

DAVID FRANE® and JAN ESPER
Swizss Federal Research Instinute WSL, Birmensdorf, Switzerland

Received 21 June 2004
Revised 10 April 2005
Accepted 18 April 2005

ABSTRACT

Ring-width and maximum latewood density data from a network of high-elevation sites distributed across the European
Alps are used to reconstruct regional temperatures. The network integrates 53 ring-width and 31 density chronologies
from stands of four species all located above 1500 m a.sl. The development and basic climatic response patterns of
this network are described elsewhere (Frank and Esper, 2005). The common temperature signal over the study region
allowed regional reconstructions to be developed using principal component regression models for average June —August
(16001988} and April-September (1650-1987) temperatures from ring-width and density records, respectively. Similar
climatic histories are derived for both seasons, but with the ring-width and density-based reconstructions seemingly
weighted toward carrving more of their variance in the lower and higher frequency domains, respectively. Distinct warm
decades are the 1940s, 1860s, 1800s, 1730s, 1660s and the 1610s, and cold decades, the 1910s, 1810s, 1710s, 1700s and
the 1690s. Because of the model fitting and the shorter time spans involved, comparisons between the reconstructions
with high-elevation instrumental data during the majority of the 1864—1972 calibration period show good agreement.
Yet, prior to this period, from which only a few low elevation temperature records are available, a trend divergence
between tree-ring and instrumental records is observed. We present evidence that this divergence may be explained by
the ring-width data carrying more of an annual rather than warm-season signal in the lower frequency domain. Other
factors such as noise, tree-ring standardization, or the more uncertain nature of low-frequency trends in early instrumental
records and their homogenization, might help explain this divergence as well. Copyright © 2005 Royal Meteorological
Society.

KEY WoRDS: dendrochronelogy: dendroclimatology; temperature meonstruction: Alps; instrumental data; tree-ring width: maximum

latewood density
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TEMPERATURE AND PRECIPITATION VARIABILITY IN ITALY IN THE
LAST TWO CENTURIES FROM HOMOGENISED INSTRUMENTAL TIME
SERIES

MICHELE BRUNETTL** MAURIZIO MAUGERL® FARIO MONTI® and TERESA MANNI®
B Istivate ISAC-CNR, via Goberri, 101, 1-40]29 Bolagna, ltalv
b Istitto di Fisica Generale Applicata, via Brera, 28, 1-20121 Milan, ftaly

Received 7 February 2005
Revised 5 May 2005
Accepted 30 June 2005

ABSTRACT

The Ttalian monthly temperature (mean, maxinmum and minimum) and precipitation secular data set was updated and
completely revised. Station density and metadata availability were greatly improved and the series were subjected to a
detailed quality control and homogenisation procedure. The data homogenisation is described in detail. The bias affectin
original gz\ta is quantified by studying the temporal evolution of the mean adjustments applied to the series and examine
in the light of the stations history. The results stress the importance of homogenisation in climate change studies.

The final data set was clustered into climatically homogeneous regions by means of a Principal Component Analysis.
Yearly and seasonal trend analyses were performed both on regional average series and on the mean Italian series. The
results highlight a positive trend for mean temperature of about | K per century all over Italy: it is generally higher for
minimum temperature than for the maximum temperature. The progressive application of trend a.na'j(;sis shows that, in
the last 50 years, behaviour is the opposite; the maximum temperature trend being stronger than that of the minimum
temperature. This has led to a negative trend in the daily temperature range that for the last 50 vears has become positive.
Precipitation shows a decreasing tendency, even if low and rarely significant, the negative trend being only 5% per
century on a yearly basis. Copyright © 2006 Royal Meteorological Society.

KEY WoRDS: Italy: data homogenisation; trend analysis: monthly temperature records: monthly precipitation records: minimum and
maximum temperature; daily temperature range
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Construction of a 10-min-gridded precipitation data set for the
Greater Alpine Region for 1800-2003

Dimitrios Eﬁhymiadis,l Philip D. Jones,' Keith R. Briffa,' Ingeborg Auer,”
Reinhard Bihm.” Wolfzang Schéner.” Christoph Frei.’ and Jiirg Schmidli*

Received 22 Apnl 2005; revised 4 August 2005; accepted 20 October 2005; published 13 January 2006,

[1] A new precipitation data set for the Greater Alpine Region (GAR; 4°E—19°E,
43"N-49"N) has been developed. Tt provides monthly precipitation totals, for the
LB00—-2003 period, gridded at 10-min resolution. The new HISTALP [0-min-grid data
set is based on 192 long-term homogenized precipitation seres from meteorological
stations across the study domain and a high-resolution precipitation climatology for the
19711990 period. The effective coverage of the data set depends on the observations
available in the station network which progressively declines back to the early 19th
century (from 192 to 5 stations). To aid the use of these data in other studies, an
accompanying data set has also been developed, which provides a measure of the
quality of each monthly precipitation estimate over the grid: the explained varance,
relative to the 1931-2000 (maximum data availability) period. The computed quality
score illustrates the comparatively poorer accuracy of the data set for regions and
months with less coherent precipitation fields (ie., over the Alps and in summer) and
when the number of stations is reduced, particularly before 1840, The derived gridded
field has also been compared for the whole and geographical subregions with other
independently developed data sets and is found to provide a similar description of the
precipitation in the GAR for places and periods of common coverage. The data set is
publicly available at http://www.crui.uea.acuk/.

Citation: Efthymiadis, D, P. D. Jones, K. R, Briffa, I Auver, R, Bohm, W, Schiner, C. Frei, and I. Schimidli (2006), Construction of &

10-min-gridded precipitation data set for the Greater Alpine Region for 1800-2003, J Geophys. Res., [11, DOT103,
doi:10.1029/20057D006120,
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ERDKUNDE

ARCHIV FUR WISSENSCHAFTLICHE GEOGRAPHIE

BEGRUNDET VON CARL TROLL

Sonderdruck

] Erdbands Bard 60/ 2006

700 YEARS OF SETTLEMENT AND BUILDING HlSTDlﬁ"
[N THE LOTSCHENTAL, SWITZERLAND

With 5 Ggures, 3 photos and 1 supplement (1)

ULF BUNTCEN, IGNAZ BELLWALD, FLANS KALBERMATTEN, MARTIN SCHMIDHALTER,
Davin C. Fraxk, HEN2ING PREUND, WERNER BELLWALD, BURKHARD NEUWIRTH,
Marcus NUssER and Jan ESPER

Zwsamnefassmg: 700 Jahee Siedlungs- und Baugeschichue im Lotschental, Schweiz
Alle 2,317 gegemviriig im Lomchental existierenden Gebaude wurden inventarisiert, zeidich eingeordnét wnd karticet.
| 457 von diesen Gebiuden konnten mit Hille von Inschrificn, Jahringen mdfeder Archivdokumenten jahrgenau daticrt
werden. BRS Gebdude wurden durch Schatzusngen zeitlich in Jahrhunderie eingeordnet. Diese Daticrungen dienen als Grund-
lage firr die Erstcllung einer Karte, welche erstrmals die Gebandealter eines gesamien alpinen Tales im Uberblick darstell.
In der Karte, welche als Ergebnis ciner interdisziplindren Untersuchung unter Einbezichung lokaler Wissenssysteme und
Bezeichnungen versmnden werden muss, werden sowoh] Wohn- als auch Wirschaftsgebide integriert. Zusitelich wurden
116 lokale Flurnamen aufgenommen und die Gebaudealter zurisck bis AD 1299 in cinem Histogramem dargestelis

Dic Zusammenarbein von Histortkern, Volkskundlern und Geographen sowie dic aus den jahrgenauen Datierungen ge:
wonnenen Erkennnisss 2o geschichtichen Bauformen und Konstrukrionstechniken ermbglichten die zeitliche Einordnung
v Objekeen, Tn diesern begleitenden Text beschreiben wir die Datierungsmethoden, wesentliche Bautypen und Fonstiuk-
Ginnstechniken und diskuteren alie Siedlungsmuster und suspewihie Gebiude, Dic Ergebnisse werden unter Beritcksichti-
gung des Kulurlandschafiswandels und der die siedlungsgeschichilichen Encwicklungen steuernden Faktoren wie Lawinen,
Darranden und soziookonomischen Provesen ciskutiert.

Swmmary: All 2,317 current buildings within the Létschental were vegistered, chronclogically assigned and mapped. Annual
comstruction dates of 1,432 of these objects based on inseriptions, tree-ring dating amd/ or documentary evidenoe wers derived.
Clentury-resolved construction dates for the remaining B85 buikdings were estimaned, These dates are utilized to develop a map
that. for the fivst time, provides a full inventory of huilding ages of an entire alpine valley. Residential and pon-residental
tuikdings are shown in a map resulting from an interdisciplinary swdy, using local kmowledge and nemenclanre 28 2 bass.
Aycdditionally, 116 local area names were added, and the age of all buildings back wo ATy 1209 graphically displayed.

The joint analysis by histarians, socizl anthropologists and geographers, as well a3 the knowledge about historic building
npes and constriction rechnigues derived from the annual dating, allowed the age estimation of buildings, In this supple-
mentary e, we describe the applicd dating methads, some celevant building rvpes and construction technigues and discuss
Formet seltlement patierns and selected buildings, We also address some factors of culural landscape wansformation relevant
for the seitement history, such as avalanches, fire outhreaks and socio-economic processes.
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Long-term change in the sensitivity of tree-ring growth to
climate forcing in Larix decidua

Marco Carrer' and Carlo Urbinari®

MWiniversith degli Seudi di Padova, Diip. TeSAF, Treeline Ecology Research Unit, Agripolis, [-35020 Legnam (P, ltaly; Universica Folieecnica delle Marche,
Dip. SAPROV, Farest Ecology and Management, Via Brecee Bianche, 160131 Ancona, laly

Auther for comespondence:
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Received: 17 Octobear 2005
Accepted: 29 lanuary 2006

Summary

* Tree rings are widely used long-term prooy data which, if combined with long-
term instrumental climate records, can provide excellent information on global
climate varability. This research aimed to determine whether interannual climate—
growth responses in Alpine treeline forests are stationary over time.

* We used tree-ring width chronologies of Lanx decidis (European larch) from 17
sites and maonthly temperatures and precipitation data for the pericd 1800-1295.
Climate—growth relationships were assessed with corelation and response func-
tions, and their stationarity and consistency cver time were measured using moving
correlation.

# Tree-ring chronologies showed similar interannual vanations over the last two
centuries, suggesting that the same climatic factors synchronously limited growth at
muost sites. The most sensitive varables showed significant transient responses
warying within the time perod, indicating a possible deviation from the uniform-
itarian principle applied to dendroclimatology.

* If these findings are confirmed in future studies on other species and in ather
regions, we suggest that time-dependent variables should be taken into account to
avold overestimation of tredline advance, future forest carbon storage in temperature-
limited environments and inaccurate reconstruction of past climate varability.

Key words: climate—growth responses, dendroclimatology, Lanx dacidug (Eurcpean
larch), moving comelation function, tree ring, uniformitadan principle.

Wew Phytologist (2006) doi: 10.1111/.1462-8127 200601703 .x
@ The Authors (2008), Journal compilation @ New Phytologist (2006)
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Synchronous variability changes in Alpine temperature and tree-ring
data over the past two centuries

DAVID FRANE, ROBERT WILSON AND JAN ESPER

BOREAS

©

Taylor & Francis

Tendir B Framcis Gooum

Frank, I}, Wilson, B. & Esper, 1. 2005 (November): Synchronous variability changss in Alping tempemtire
and tres-ring data over the past two centuries. Boreay, Vol. 34, pp. 498505, Oslo. [SSN 0300-9483.

The understanding of extremes and their temporal distnbotion s useful in chametenzing the behaviour of
the climate systemn, and necessary for understanding their social and economic costs and risks. This task s
analogous to  the study of poimter years in  dendmchmonological  investigations. Commonly  used
dendroc imatological methods, however, tend to result in an equalization of variance throughout the record by
normalizing vanahility within moving windows. Here, we amalyse a larger network of high-elevation tem-
perature-sensitive tree sites from the Buropean Alps ]'n'ummd to preserve the relative Fequency and magnitude
of extreme events. In so doing, tempoml changes in vear-to-year treering width variability were found. These
decadal length periods of increased or decreased likelthood of extremes coincide with variability measures from
a long-instrumental summer tempemture record representative of high-elevation conditions in the Alps. Inter
vention analysis, using an F-est to identify shifts in variance, on both the tree-ring and instrumental series,
resulted in the identification of common tmnsitional years. Based on a well-replicated network of sites
reflecting common climatic variation, our study demonstrates that the anmal growth rings of trees can be
utilized o quantify past frequency and amplitude changes in extreme variability. Furthermore, the approach
outlined is suited to address questions about the mle of external forcing, ocean—atmosphere interactions, or
synoptic scale changes in determining patterns of observed extremes prior to the instrumental period.

David Frank fe-mail: frankiiwslch) and Jan Esper, Swisy Federal Research Institute WL Zircherstravse
i, 8913 Birmensdorf, Switzerland: Robert Wilson, School of Geosciences. (Grant Institute, Edinburgh
Univervity, West Mainy Road, Edinburgh, EH9 30W, United Kingdom; receved 2Ist November 20004, accepted
20th May 2005

DO 10 T0BD300B4R050023 1443 @) 20035 Taylor & Francis
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In: Orlove, B., Wiegandt, E. and B. Luckman (eds.): The darkening
peaks: Glacial retreat in scientific and social context. University of
California Press.

Status 2006-10: in press

Glacier fluctuations in the European Alps 1850-2000: an overview and spatio-
temporal analysis of available data

Michael Zemp, Frank Paul, Martin Hoelzle and Wilfiied Haeberld
Glaciology and Geomorphodynamics Group and World Glacier Monitoring Service,
University of Zurich, Switzerland

Abstract: Within the framework of the EU-funded project ALP-IMP, which deals with
climate change within the greater Alpine' region. the World Glacier Monitoring Service
(WGMS) compiled an unprecedented Alpine glacier dataset comtaining fluctuation
information dating back to 1830, Here we give an overview of the available data. results
of spatio-temporal analyses and discuss the representativity of front varation and mass
balance series for the entire Alpine glacterisation. In the 19703 there were approximately
5,130 Alpine glaciers covering an area of 2,909 km™. Overall area loss since 1830 is
estimated to be about 35% until the 197075 and almost 30% wntil 2000, Rapidly shrinking
glacier areas, spectacular tongue retreats and mereasing mass losses are clear signs of the
atmospheric warming cbserved in the Alps in the last 130 vears and its acceleration over
the past two decades. However, in the short-term or at a regional scale, glaciers show a
highly individual variability. Glacier behaviour depends not only on regional climate but
also on local topographic effects which complicate the extraction of the climate signal
from glacier fluctuations. The latter are essential for the verification of mass balance and
ice flow models, which are needed to guantify these topographic effects. It is of major
importance to continwe with long-term fluctuation measurements and to extend the
existing fluctvation series back in time using reconstructions of former glacier
geometries. Additionally, it iz necessary to integrate glacier moenitoring as well as
reconstruction activities into the glebal framework of the Glacier Land Ice Measurement
from Space (GLIMS) project and the WGMS.
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peaks: Glacial retreat in scientific and social context. University of
California Press.

Status 2006-10: in press

Alpine-wide distributed glacier mass
balance modelling: a tool for assessing
future glacier change?

F Pawl, H Machguth, M. Hoelzle, N. Salzmann, W Haeberli
Glaciology and Geomorphodynamics Group, Department of Geography, University of Zurich

Abstract

Distributed glacier mass balance models enable the calculation of the mass balance for each pomt of a
glacier surface from meteorclogical input data. In view of the observed enhanced down-wasting of
Alpine glacters in recent yvears, such models become increasingly valuable for assessment of ongeing
and future glacier change. However. their potential for large-area application by using gridded input
data sets has not been fully exploited vet. In this contribution we describe the major components of dis-
tributed glacier mass balance models and apply a model that is based on the caleulation of the energy
balance to a larger test site (Mischabel region) in Switzerland. We thereby force the model with gridded
data sets from annual precipitation, satellite-derived albedo and daily potential solar radiation as well as
climatic means of meteorological variables. While the latter can easily be tuned to agree with cbserved
mass balance distributions of specific glaciers, other nearby glaciers get unrealistically high positive or
negative balances in the same simulation. Besides a variable sensitivity of indrvidual glaciers, this hints
to processes acting on a local scale, that are not yet considered in the model (e.g. snow redistribution by
wind). However, the model is well suited for sensitivity studies with the included variables, and the
mass balance sensitivities obtained agree well with results from previous studies (e.g. we calculate a
125 m rise of the equilibrium line altitude (ELA) for a 1 °C temperature increase). Once the local pro-
cesses have been included successfully, we see a large potential of forcing such models with future cli-
mate data as computed by regional climate models. The resulting changes in mass balance cr ELA ona
glacier-specific basis may then be used as an input for further impact models which calculate future dis-

charge of Watet resources.
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ON THE IMPACT OF GLACIER ALBEDO UNDER CONDITIONS OF
EXTREME GLACIER MELT: THE SUMMER OF 2003 IN THE ALPS

Frank Pawl, Horst Machguth and Andreas Kéab

University of Zurich, Department of Geography, Zurich, Switzerland;
fpaul{at)geo.unizh.ch

ABSTRACT

The extraordinarily hot summer of 2002 caused record-breaking glacier melt in the European Alps
(i.e. eight times the long-term average). Multispectral Landsat Thematic Mapper (TM) satellite data
of August 2003 clearly shows very dark glacier ablation areas, particularly in the near-infrared. In
order fo assess the influence of the low glacier albedo and the special 2003 meteorological condi-
tions on glacier mass balance more quantitatively, we have calculated glacier albedo from TM for
thres distinct years (1985, 1998, 2003) and applied a distrbuted glacier mass balance model
forced by climatic mean as well as the special 2002/03 meteorological conditions. For this purpose,
we use the TM-derived albedo for 1998 and 2003 as a surrogate for the background glacier al-
bedo. We observe a large albedo variability from year to year, constant or even decreasing albedo
with altitude and much lower albedo values in the ablation area than generally applied (0.15 in-
stead of 0.35). The modelled mass balance reveals a distribution pattern that is governed by the
potential solar radiation, increasing glacier mass loss with altitude using the 2003 albedo, and a
thres times higher mass loss for the meteorclogical conditions of 2002/03 compared to the climatic
means.

Keywords: Glacier albedo, mass balance model, summer 2003.
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IL NUOVO CIMENTO VoL, 20 O, N1 Gennaio-Febbraio 2006
DT 10,1393 /nee/12005-10215-1

The variability and change of Italian climate in the last
160 years(")

M. Brunerri'). M. Mavceri®). F. MonT1(®) and T. Nanni(!)

(1} ISAC-CNR - wia Gobetti 101, I-{0129 Bologna, Italy
I:ﬂ:I Istituto di Fisica Generale Applicata - via Brera 28, I-20121 Milano, Italy

iricevuto ']l Settembre 2005)

Summary. — The awareness of the importance of data quality and homogeneity
issues in the correct detection of climate change has increased rapidly in the last fow
wvears., Most of the contributions have been addressed to upper air data, howewver
errcrs and inhomogeneities also concern surface ones. At surface level it is often
assnmed that such inhomogeneities have random distribution and that, consider-
ing a sufficiently large mumber of series, sverage records with negligible bias can
be obtained. This assumption is likely to be correct if global or hemispheric aver-
ages are considered, but it may not be correct at a regional scale. The aim of the
work is a rigorous reconstruetion of the Italian climate for the last centuries (the
longest series start in the late 1700s), with particular attention to the identification
of spurious non-climatic signals introduced by changing instruments and methods
in the messurement procedures. A data set of 111 precipitation series, 48 mini-
mum and maximnmm temperature series and 67 mean temperature series was set up,
together with the information about the station history (metadata). The records
were subjected to a detailed quality control and homogenisation procedure that was
extensively supported by a large metadata availability. The series were grouped by
means of Principal Component Analveis and regional average records were obtained
and analysed for trends. Trend analysis was performed on seasonal and annual basis
by means of the progressive Mann-Kendall statistics and the progressive analysis of
the linear regression coefficients. A comparison between the homogenized and the
original series and the preliminary results of the analysis are presented. Particular
emphasis is given to stress the importance of data homogenisation in the correct
detection of long-term trends.

PACS 02.60.Ry — Climatology.

PACS 92.60.J9 — Water in the atmeosphere (humidity, clouds, evaporation, precip-
itation).

PACS 02,60 We — Weather analvsis and prediction.

PACS 01.30.Cc — Clonference proceadings.
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INTERNATIOMAL JOURNAL OF CLIMATOLOGY
In. J. Climarol. (in press)

Publizshed online in Wiley InterScience
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HISTALP — HISTORICAL INSTRUMENTAL CLIMATOLOGICAL SURFACE
TIME SERIES OF THE GREATER ALPINE REGION

ROYAL METEOROLOEGICAL SOCTETY
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ABSTRACT

This paper describes the HISTALP database, consisting of monthly homogenised records of temperature, pressure,
precipitation, sunshine and clondiness for the “Greater Alpine Region® (GAR, 4—19°E. 43-49 "N, 0-3500m asl). The
longest temperature and air pressure series extend back to 1760, pracipitation to 1800, clondiness to the 13405 and sunshine
to the 1880s. A systematic (0T procedors has been applied to the series and a high number of inhomogeneities (more
than 2500 and outliers (more than 5000) have been detected and removed. The 557 HISTALFP series are kept in different
data modes: original and homogenised, gap-filled and outlier comrected station mode series, grid-1 seres (anomaly felds
at 1% = 1", lat = long) and Coarse Resolution Subregional (CRS) mean series according to an EOF-based regionalisation.
The leading climate variability features within the GAR are discussed through selected examples and a concluding linear
trend analysis for 100, 50 and 25-year subperiods for the four horizontal and two altitodinal CRSs. Among the key
findings of the trend analysis is the parallel centennial decrease/increase of both temperature and air pressure in the
19th/20th century. The 20th century increase (+1.2°C/4-1.1 hPa for annual GAR-means) evolved sepwise with a first
peak near 1950 and the second increase (1.3°C/0.6hPa per 25 years) starting in the 1970s. Centennial and decadal scale
temperature trends were identical for all subregions. Air prassure, sunshine and cloudiness show significant differences
between low versus high elevations. A long-term increase of the high-elevation series relative to the low-elevation series
is given for sunshine and air pressure. Of special interest is the exceptional high correlation near 0.9 between the series on
mean temperature and air pressure difference (high-minus low-elevation). This, further developed via some atmospheric

statics and thermodynamics, allows the creation of “harometric temperature saries” without vse of the measures of
temperature. They support the measured temperature trends in the region. Precipitation shows the most significant regional
and seasonal differences with, e.g.. remarkable opposite 20th century evolution for NW (9% increase) versus SE (9%
decrease). Other long- and short-term features are discussed and indicate the promising potential of the new database for
further analyses and applications. Copyright © 2006 Royal Meteormlogical Society.
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JOUBRNAL OF GEOPHYSICAL RESEARCH, VOL. 111, DITTO7, doi: 1001025 2005TD0066 T4, 2006

Precipitation variability and changes in the greater Alpine region over
the 1800-2003 period

Michele l?-‘.n.lmz'rti,J Maurizio I'«-'![augeri,2 Teresa Narmi,J Ingeborg ;"'|.1.|Er,3 Remhard l?t-c':nl'rl:n,3
and Wolfgang Schoner’

Received 14 September 2005; revisad 17 Jamary 2i6; acoepted 15 Febmary 2006; ublichad 7 June 2004,

[1] The paper investigates precipitation variability in the greater Alpine region (GAR)
(4-19°E, 43-49°N) based on 192 instrumental series of homogenized and outlier checked
monthly precipitation and on the 1% gridded version of the same data set. Compared to the
previous data sets, the one used in this paper adds a full century of data (earliest series
starting in 1800} by exploiting the early instrumental period as much as possible in terms
of series length and spatial density. The records were clustered into climatically
homogeneous subregions, by means of a principal component analysis, and average
subregional series were calculated. The principal component analysis was applied also in
Temode to investigate the most recursive precipitation pattemns that characterize the
examined area. Yearly and seasonal wend analysis was performed both on subregional
average series and on the mean GAR series. It was also applied to moving windows, of
varighle width ranging from 2 decades to 2 centuries, in order to investigate any trends
over decadal to secular timescales. Beside trends in total precipitation, precipitation
seasonality was also analyzed as an important indicator of climate changes. Links between
precipitation variability in the Alpine region and atmospheric circulation, and the North
Atlantic Oscillation in particular, were also studied.

Citaton: Brunetti, M., M. Maugeri, T. Manni, . Auer, B. Bohm, and W. Schéner (2006, Precipitation variahility and changes in the
greater Alpine region over the 1ED0-2003 period, J. (raophys. Res, 111, DTT10T, doi: 10010259 200510006674,
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Bronce Age dating of timber from the salt mine at Hallstatt, Austria

Michael Grabner, Andrea Klein, Daniela Geihofer, Hans Reschreiter, Fritz E. Barth, Trivun Sormaz and Rupert Wimmer

SUMMARY

The prelustoric salt mine of Hallstatt together with its burial ground is one of the most
prominent archaeclogical sites in Austria, which has also given name for the “Hallstatt
period” of human civilisation (800 to 400 BC). Due to the perfect conservation in rock salt a
great number of organic materials have been found, among mostly wooden artefacts.
Currently, the major archaeclogical focus 1s on the Bronze Age salt mining activities with
excavations taking place at the historic Christian von Tusch-Werk, Alter Grubengffen mine.
Chronology building started at the Dachstein plateau, in the vicinity of Hallstatt, where tree-
trunks were discovered i an alpine lake (Schwarzer See) and after recovery a spruce-larch
chronology was compiled that dates back to 1475BC. In addition, at the bog Karmoos, very
close to the mining place of Hallstatt, preserved trees were intensively sampled resulting in a
spruce chronology reaching even 1523BC.

Over 500 samples were taken at the Christian von Tusch-Werk, Alter Grubenaffen. They also
included samples from the recently discovered world’s oldest wooden staircase. The spectrum
of wooden species encompassed Norway spruce, Silver fir, beech, European larch and maple.
We were able to synchronize 128 samples, ending in a 282-vear long floating chronology.
While the staircase dated back to 1344BC. the end year of the floating chronology dated even
to 1245BC. Tree felling dates showed clusters within the chronology, providing evidence for
archaeologists to find construction phases and usage periods.

The Dachstein-Hallstatt spruce chronology currently helds 840 synchronized series, and
includes samples from the lake at the Dachstein, from the Karmoos bog at Hallstatt, from the
prehistoric Hallstatt salt mine, and from historical buildings. as well as living trees. The

chronology covers the period between 1523BC through 2004AD.

Keywords

Historical dating, dendrochronology, Hallstatt, Bronze Age. salt mine
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Leal, S., Melvin, T.M., Grabner, M., Wimmer, R., Briffa, K.R.

in preparation

Extreme growth years in relation to climate in precipitation sensitive
Pinus nigra Arn. Trees growing in Austria
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Tree rings of Pinus nigra Arn. from the Vienna basin region (Austria)
show evidence of COs-induced change in sensitivity to water

availability and temperature

Sofia Leall__ Derel Eamusz__ Michael Grabner"._ Rupert Wimmer'. Paolo

Cherubini”

23 Weused a large sample of Pinus nigra Armn. tree-ring senes collected within the Vienna
24 basin, in Austria, from trees growing near the ecological limits for the species. Tree

25 rings showed a strong and positive correlation with spring-summer precipitation,

26  indicating a growth dependence on water availability during the growing season.

27 During the late 20 century, tree rings grew wider than expected given the predicted

28 relationship between rainfall and growth rate observed in the early 20™ century. Models
20 of the relationship between growth and rainfall, built on the basis of a strong climatic
30 control of growth by spring-summer precipitation, tended to overestimate the

31 precipitation fallen in the late 20 century. During the last quarter of the century the

32 sensitivity of ring growth to spring-summer precipitation disappeared and was replaced
33 by astrong and positive correlation with summer temperature, which had previously

34 been negatively correlated with growth. This change in sensitivity indicates that tree

35 growth was no longer dependent on water availability.

36  We propose there was an improvement in water-use-efficiency in consequence of the
37 increasing CO; concentration in the atmosphere, enhanced by a relatively high input of
38  nitrogen due to the proximity of N emission sources. We inferpret the recent correlation
3% of growth with temperature as a result of the rise of the temperature optimum for

40 photosvnthesis under elevated atmospheric COz concentrations.
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Tree ring-growth variability in the Austrian Alps: the influence of site altitude,
tree species and climate

Sofia Leall, Thomas M. Melvin2, Michael Grabnerl, Rupert Wimmer! Keith R.
BriffaZ

Institute for Wood Science and Technology, University of Natural Resources and
Applied Life Sciences, Peter Jordan Strasse 82, A-1190 Wien, Austria

2Climatic Research Unit, University of East Anglia, Norwich NE4 7T], UK

Abstract

We present an extensive new network of nng-width chronelogies comprising data from
100 sites within the Austrian Alps made up of multiple tree species. Cluster analysis is
used to identify five separate high-frequency tree growth signals from this data, Tree
growth variability at these sites 15 explained by site altitude and species differences
which moderate the effects of the annually varying climatic forcing on free growth.
High altitude chronologies suitable for reconstructing temperature and low altiude

chronologies smtable for reconstructing precipitation are identified.
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European Alpine moisture variability for 1800-2003

G. van der Schrier,* D. Efthymiadis. K. R. Briffa and P. D. Jones
Climatic Research Unit, School of Envivonmental Sciences, UEA, Norwich NR4 7T, UK

Abstract:

Moisture availability for the European Greater Alpine region (GAR) (43°N-49°N and 4°E-19°E) for the period
18002003 is analyzed on the basis of maps of monthly self-calibrating Palmer Drought Severity Index (sePDSI) with a
10¥ = 10 spatial resolution.

To represent the impact of seasonal snow cover on the water budget, a simple snow-accumulation and snowmelt model
is added to the water balance calculations on which the (self-calibrating) Palmer Drought Severity Index is based.

Ower the region as a whole, the late 1850s into the 1870s and the 1940s to the early 1950s stand out as persistent and
exceptionally dry periods, whereas the first two decades of the nineteenth century and the 1910s were exceptionally wet
periods. Dividing the Greater Alpine Region into four subregions, with the subregions based on coherence of precipitation
variability, we find a large degree of heterogeneity in the behavior of the drought index owver the subregions. The driest
summers on record, in terms of the amplitude of the index averaged over the Alpine region, are 1865 and 2003. In these
years, 73.6% and 85.1% of the region was suffering from a moderate drought (or worse). The areas northwest of the
high mountains were affected most severely in the 1865 drought, whereas the 2003 drought impacted all subregions more
equally.

By substituting climatological monthly mean temperatures, from the period 1961-1990, for the actual monthly means
in the parameterization for potential evaporation, an estimate is made of the direct effect of temperature on drought. It is
obszrved that a major cause for the vast areal extent of the area affected by the summer drought in the last decade is the
high temperatures. Temperatures in the 12 months preceding and including the summer of 2003 explain an increase in the
area percentage with moderate (or worse) drought of 31.2%. Copyright © 2006 Royal Meteorological Society

KEY worDs  Alpine region; drought; PDSI; waterbalance model
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A statistical mass balance model for reconstruction of LIA ice mass of glaciers of

European Alps

Wolfzang Schéner, Reinhard Béhm

Central Institute of Meteorology and Geodynamecs, Vienna, Austria, w.schoener@zamg. ac.at

ABSTRACT

Stepwise linear regression models for prediction of specific annual net balance and summer
balance from climatological and topographical input data were calibrated against measured
mass balances of glaciers of Austrian part of the Alps. For estimation of winter mass balance
a simple ratio between winter precipitation amount and measured winter balance was used. A
ratio with mean value of 2.0 and standard deviation of 0.44 was derived from the sample of
measured winter balances. Climate mput data were taken from HISTALP data base which
offers an outstanding homogenised data source in terms of spatial and temporal coverage.
Data from the Austrian glacier inventory was used as topographical input data. From the pool
of possible predictors summer air temperature, Wwinter precipitation, SUMMEr S0OW
precipitation, temperature continentallity where selected as climate forcing factors as well as
lowest glacier elevation and area weighted mean glacier elevation as significant topographical
contributors. Summer temperature explains 60% of the variance of summer mass balance and
39% of variance of annual mass balance. Additional factors increases explained variance by
22% for summer and 31% for annual net balance. The calibrated mass balance model was
used for reconstruction of mass balance of Hintereisferner and Vernagtferner back to 1800,
Whereas the model performs well for Hintereisferner it fails for some sub-periods for

Vernagtferner due to complicated flow dynamics.
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The application of glacier inventory data for estimating past climate-
change effects on mountain glaciers: a comparison between the
European Alps and the Southern Alps of New Zealand

M Hoelzle ", T. Chinn’. D. Stumm’, F. Paul', M. Zemp', W. Hacberli

]Dapﬂ riment af Geography, Glacislogy and Geomeorphodynamics Group, University of Zurich,
Winterthurerstr. 190, CH-8037 Zurich, Switzerland

20 Muir Rd., Lake Hawea, RD2 Wanaka, Otago, New Zealand

SDE’._BJ\-!J'J'?]}JQF‘ETqueng'ap.i’!_J-'_. University of Otago, Dunedin, New Zealand

Abstract

This study uses the database from national glacier inventories in the European Alps and
the Southern Alps of New Zealand (heremnafter called the New Zealand Alps). which
contain for the time of the mid-1970s a total of 3,154 and 3,132 perenmial surface ice
bodies, covering 2,909 km® and 1.139 km’ respectively, and applies to the mid-1970s.
Only 1,763 (35%) for the European Alps and 702 (22%) for the New Zealand Alps, of
these are ice bodies larger than 0.2 km”, covering 2,533 lem” (88%) and 979 km" (86%)
of the total surface area, respectively containmg useful information on surface area,
total length, and maximum and minimum altitude. A parameterisation scheme using
these four variables to estimate specific mean mass balance and glacier volumes in the
mid-1970s and in the "1850 extent’ applied to the samples with surface areas greater
than 0.2 k_mz, yielded a total volume of 126 km” for the European Alps and 67 km” for
the Southern Alps of New Zealand. The calculated area change since the "18350 extent’
15 -49% for the New Zealand Alps and -35% for the European Alps, with a
correspondmg volume loss of -61% and -48%, respectively. From cumulative measured
length change data an average mass balance for the investigated period could be
determined at -0.33 m water equivalent (w.e) per year for the European Alps and
-1 25 mw.e for the “wet” and -0 54 m w e per year for the ‘dry’ glaciers of the New
Zealand Alps. However, there 1s some uncertainty in several unknown factors, such as
the values used in the parameterisation scheme of mass balance gradients, which. in
New Zealand vary between 3 and 25 mm m?.

Keavwords: glacier fluctuations, glacier length changes, glacier mass changes, climate change,
Feconstruction, volume change, avea change
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Distributed modelling of the regional climatic equilibrium
line altitude of glaciers in the European Alps

Michael Zemp, Martin Hoelzle, Wilfried Haeberls

Glaciology and Geomorphodynamics Group, Department of Geography, University of Zurich,
Winterthurerstr. 190, CH-8057 Zurich, Switzerland

Abstract

Glaciers are among the key indicators of ongoing climate change The equilibrium line
altitude is a theoretical line which defines the altitude at which annual accumulation equals
the ablation. It represents the lowest boundary of the climatic glacierisation and. therefors, 1s
an excellent proxy for climate variability. In this study we introduce a simple approach for
modelling the glacier distribution at high spatial resolution over entire mountain ridges using
a munimum of input data. An empirical relationship between precipitation and temperature at
the steady-state equilibrivm line altitude (ELAg). is derived from direct glaciological mass
balance measurements. Using geographical mformation systems (GIS) and a digital elevation
model, this relationship is then applied over a spatial domain, to a so-called distributed
modelling of the regional climatic ELAp (rcELAp) and the climatic accumulation area (cAA)
of 1971-1990 over the entire European Alps. A sensitivity smudy shows that a change in
reELAy of £100 m 15 caused by a temperature change of £1 °C or a precipitation decrease of
20% and increase of 27%, respectively. The modelled cAA of 1971-1990 agrees well with
glacier outlines from the 1973 Swiss Glacier Inventory. Assuming a warming of 0.6 °C
between 1850 and 1971-1990 leads to a mean rcELAp rise of 73 m and a corresponding cAA
reduction of 26%. A further rise in temperature of 3 °C accompamed by an increase in
precipitation of 10% leads to a further mean rise of the rcELAp of about 340 m and reduces
the cAA of 1971-1990 by 74%.

Kevwords: Glacier, Climate at Equilibrium Line Altitude, Climate Change, Geographical
Information Systems
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Alpine glaciers to disappear within decades?

Michael Zemp,' Wilfried Haeberi,' Martin Hoelzle,' and Frank Paul'

Received 21 Mamch 2006 revised 11 Mav 2006: accentad 22 Maw 2006: nublizhed XX Month 2006,

[1] Past, present and potential future glacier cover in the

entire European Alps has been assessed from an integrated

approach, combining in-situ measurements, remote sensing

technigques and numerical modeling for equiibrium line

altitudes. Alpme glaciers lost 35% of ther total area from

1850 until the 19705, and abmost S0%; by 2000. Total glacier

volume around 1850 is estimated at some 200 km® and is

now close to one-third of this value. From the model

experiment, we show that a 3°C warming of summer air

temperature would reduce the currently existmg Alpine

glacier cover by some B0%. or up to 10% of the glacier

extent of 1850, In the event of a 5°C temperature increase,

the Alps would become almost completely ice-free. Annual

precipitation  changes of £20% would modify such

estimated percentages of remaiming ice by a factor of less

than two. Citation: Zemp, M., W. Haeberli, M. Hoelzle, a

F. Paul (2006), Alpine glaciers to disappear within ch{
Creopfve. Res. Lerr, 33, LIOOOCK, doi: 100102920060 1
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Hypsographic modelling as a tool for assessment of future
glacier extent in the Swiss Alps

Paul Frank*, Maisch Max*, Rothenbihler Christine**, Hoelzle Martin® & Haeberl
Wilfried*

*Glaciclogy and Geomerphodynamics Group, Department of Geography, University of
Zurich, Switzerland
**Academia Engiadina, Quadratscha 18, CH-T503 Samedan, Switzerland

The strong reaction of glaciers to small changes in climate (mainly temperature and
precipitation) designates glaciers as a unique demonstration object of ongoing
climate change for a wide public (Zangl & Hamberger 2004 ). Under current scenarios
of atmospheric warming for this century, many Alpine glaciers are likely to disappear
within the coming decades (Zemp et al. 2006). The future evolution of glacier size
and volume is of major importance for many purposes, including hydro-power
production, run-off (agriculture, transport), tourism or natural hazards (rock fall, lake
development). In consequence, there is an urgent need to quantify future glacier
evolution on an Alpine-wide scale. As current models for calculation of future glacier
length or area require input data that are generally not available for most glaciers
(e.g. the bedrock), simpler approaches have to be found. We have developed such a
simple modelling scheme that calculates future glacier geometry using digitized
glacier outlines and a digital elevation model (DEM) only (Faul et al. in press). The
model assumes a steady-state equilibrium line altitude (ELAg) that is based on a
constant accumulation area ratio (AAR) for all glaciers (e.g. Maisch et al. 2000} and a
constant sensitivity of the ELA, to temperature changes of 140 m for a 1 °C increase.
By calculating a 10 m hypsography within a GIS for all 3062 glacier entities in our
sample, we can easily calculate the new accumulation area (and thus total area) for
any given shift of the ELA (we use six values in steps of 100 m) within a few
seconds. In order to account for a certain variability of the AAR., we run the model
with four different AAR values (0.5, 0.6, 0.67, and 0.75). The model neglects any
changes in glacier thickness, curvature or the size of the accumulation area.
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Growth/climate response shift in a long subalpine spruce chronology
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Abstract A new MNorway spruce (Picea abies (L.) Karst.)
tree-ring width chronelogy based on living and historic
wood spanning the AD 1108-2003 period is developed.
This composite record combines 208 high elevation sam-
ples from 3 Swiss subalpine vallevs, ie., Litschental,
Goms, and Engadine. To retain potential high- to low-
frequency information in this dataset, individual spline de-
trending and the regional curve standardization are applied.
For comparison, 22 high elevation and 6 low-elevation in-
strumental station records covering the greater Alpine area
are used. Previous year August—September precipitation
and current year May—July temperatures control spruce ring
width back to ~1930. Decreasing {increasing) moving cor-
relations with monthly mean temperatures {precipitation)
indicate instable growth/climate response during the 1760-
2002 period. Crucial June—August temperatures before
~ 1900 shift towards May-July temperature plus August
precipitation sensitivity after ~1900. Numerous of com-
parable subalping spruce chronclogies confirm increased
late-summer drought stress, coincidently with the recent
warming trend. Comparison with regional-, and large-scale
millennial-long temperature reconstructions reveal signifi-
cant similarities prior to ~ 1900 1 300—1900 mean r=0.51);

however, this study does not fully capture the commeonly re-
ported 20th century warming ( 1900—1980 mean r=—0.17}.
Due to instable growth/climate response of the new spruce
chronology, further dendroclimatic reconstruction is not
performed.

Keywords Alps - Dendroclimatology - Growth/climate
response - High—low frequency - Standardization

U, Bimtgen (=] - Dn. C. Frank - J. Esper
Swiss Federal Research Institute WSL,
Zircherstrasse 111,

8903 Birmensdorf, Switzerland

e-mail: buentgeni@wsl.ch

Tel.: +41-1-T39-2679

Fax: +41-1-739-2215
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SUMNMER TEMPERATURE VARIATIONS IN THE

EUROPEAN ALPS, AD 755-2004

Ulf Biintgen®, David C. Frank, Daniel Nievergelt, and Jan Esper

Swiss Foderal Research Inziture WSL
Zirgherzirazse 111, 5303 Birmenzdorf
Swirzeriand

Manuscript JCLI-1065 accepted for publication in Journal of Climate, March 02, 2006
Abstract We describe annually resolved summer temperatures for the European Alps. The
reconstruction covers the AD 755-2004 period, and is based on 180 recent and historic larch
[Larix decidua Mill] density series. The regional curve standardization method was applied
to preserve inter-annual to multi-centennial variations in this high elevation proxy dataset.
Instrumental measurements from high (low) elevation grid-boxes back to 1818 (1760) reveal
strongest growth response to current vear June-September mean temperatures. The
reconstruction correlates at 0.7 with high elevation temperatures back to 1818, with a greater
signal in the higher frequency domain (v =0.8). Low elevation instrumental data back to 1760
agree with the reconstruction’s inter-annual variation, although, a decoupling between
(warmer) instrumental and (cooler) proxy data before ~1840 is noted. This offset is larger
than during any period of overlap with more recent high elevation instrumental data, even
though the proxy time-series always contains some unexplained variance. Our reconstruction
indicates positive temperatures in the 10th and 13th cenmtury that resemble 20th century
conditions, and are separated by a prolonged cooling from ~1330-1700. Six of the ten
warmest decades over the 755-2004 period are recorded in the 20th century. Maximum
temperature amplitude over the past 1,250 years is estimated to be 3.1°C between the warmest
(1940s) and coldest (1810s) decades. This estimate is, however, affected by the calibration
with instrumental temperature data. Warm summers seem to coincide with periods of high
solar activity, and cold summers vice versa. The record captures the full range of past
European temperature variability, ie.. the extreme years 1816 and 2003, warmth during
medieval and recent times, and cold in between Comparison with regional- and large-scale

reconstructions reveals similar decadal to longer-term variability.
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Western Carpathian Tatra Mountains, Poland and Slovakia

ULF BUNTGEN,'? DAVID C. FRANK,' RYSZARD J. KACZKA,” ANNE VERSTEGE,'
TOMASZ ZWIJACZ-KOZICA* and JAN ESPER'

! Swiss Federal Research Institute WSL, Zitrcherstrasse 111, 8003 Birmensdorf, Swirzerland
2 Corresponding author (buensgen'@wsl.ch)

* Faculty of Earth Science, Universirty of Silesia, 60 Bedzinska 50, 41-200 Somowiec, Poland
4 Tatra National Park, Chalubinskiegod2a, 34-50 Zakopane, Poland

Received March 17, 2006; acceptad June 6, 2006, published online. ..

Summary We analyzed growth responses to climate of 24
tree-ring widih and four maximum latewood density chronolo-
gies from the greater Tatra region in Poland and Slovakia. This
network comprises 1183 ring-width and 153 density measure-
ment series from four conifer species (Picea abwes (L) Karst..
Larix decidua Mill., Abies alba (L.) Karst., and Pinis mugo
(L.} between 800 and 1550 m asl. Individual spline detrending
was used to retain annual to multi-decadal scale climate infor-
mation in the data. Twentieth century temperature and precipi-
tation data from 16 grid-boxes covering the 4850 "M and
19-21 "E region were used for comparison. The network was
analyzed to assess growth responses to climate as a function of
species, elevation, pammeter. frequency and site ecology.
Twenty ring-width chronalogies sigmficantly comelated (P <
0.05) with June—July temperatunes, whereas the latewond den-
sity chronologies were cormlated with the Apri-September
temperatures. Climatic effects of the previous-year summer
generally did not significantly influence ring formation,
whereas site elevation and frequency of growth variations (Le..
nter-annual and dec adal) were significant variables in explain-
ng growth response to climate. Precipitation increased with
decreasing elevation. Correlations between summer tempera-
tures and annual growth rates were lower for Larix decidua
than for Picea abies. Principal component analysis identified
five dominant eigemvectors that express somewhat contrasting
climatic signals. The first principal component contained high-
est loadings from 12 Prcea alves ring-width chronologies and
explained 42% of the network’s variance. The mean of these 12
high-clevation chronologies was significantly correlated at
0.62 with June—July temperatures, whereas the mean of three
latewood density chronologies, that loaded most strongly on
the fourth principal component, significantly correlated at 0.60
with April-September temperatures (P < 0,001 over the
1901 -2002 period in both cases). These groupings allow fora
robust estimation of June—July {1661-2004) and Aprl-Sep-
tember (1 700-2004) temperatures, respectively. Comparison
with reconstructions from the Alps and Central Europe sup-
ports the general rule of the dominant influence of growing sea-
son temperature on high-clevation forest gromath.
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&  Abstract
% Impacts on ecological disturbance regimes are critical but poorly understood environmental
10 consequences of contemporary climate change. Recwring outbreaks of Lepidoptera common
11 to manv temperate forest ecosystems are ideal systems for studying such impacts because
12 they regularly cause massive defoliation of large forested areas and therefore play important
13 roles in nutrient cycling. Unfortunately, long-term data on outbreaks are often lacking and this
14 limits our ability to measure the effects of climate change on these disturbance regimes. Here
15 we Introduce a reconstruction of the long-term history of outbreaks by Zefraphera diniana
18 G (the larch budmoth, LEM) feeding on sub-alpine larch in the European Alps derived from
17 a dataset of 47,513 maximum latewood density measurements from tree-rings. With over
18 1,000 generations represented, this is the longest ammually resolved record of herbivore
19 population dymamics, and our analysis demonstrates that remarkably regular LBM
20 fluctmations persisted over the past 1173 vears with population peaks every 8.9 vears. These
21 regular alindance oscillations recurred until 1981, with the absence of peak events during
22 recent decades. Comparison with an annually resolved, millennium-long temperatire
23 reconstruction representative for the European Alps (r = 0.72, correlation with instrumental
24 data), demonstrates that cvclic insect population dynamics occurred despite major climatic
25 changes related to warming during medieval times and cooling during the Little Ice Age The
26 late 20th century absence of LBM mass-outbreaks, however, corresponds to a peried of
27 regional warmth that 15 excepional with respect to the last 1000+ years. suggesting

28 wulnerability of an otherwise stable ecological system in a warming environment.
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The twentieth century was the wettest period in
northern Pakistan over the past millennium

Kerstin 5. Treydte', Gerhard H. Schleser’, Gerhard Helle®, David C. Frank', Matthias Winigerj.
Gerald H. Haug® & Jan Esper’

Twentieth-century warming could lead to increases in the moist-
ure-holding capacity of the atmosphere, altering the hydrological
cycle and the characteristics of precipitation’. Such changes in the
global rate and distribution of precipitation may have a greater
direct effect on human well-being and ecosystem dynamics than
changes in temperature itsel ', Despite the co-variability of both of
these climate variables®, attention in long-term climate reconstruc-
tion has mainly concentrated on tempe mture changes'™. Here we
present an annually resolved oxygen isotope record from tree-rings,
providing a millennial-scale reconstruction of precipitation vara-
bility in the high mountains of northern Pakistan, The climatic
signal originates mainly from winter precipitation, and is robust
over ecologically different sites. Centennial-scale variations reveal
dry conditions at the beginning of the past millennium and through
the eighteenth and early nineteenth centuries, with precipitation
increasing during the late nineteenth and the twentieth centuries to
yield the wettest conditions of the past 1,000 years. Comparison
with other long-term precipitation reconstructions indicates a
large-scale intensification of the hydrological cycle coincident
with the onset of industrialization and global warming, and the
unprecedented amplitude argues for a human role.
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Spatial reconstruction of summer temperatures in Central Europe
for the last 500 years using annually resolved proxy records:
problems and opportunities

ROBERT WILSON, DAVID FRANE, JOHN TOPHAM, KURT NICOLUSSI AMD JAN ESPER
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Wilson, R., Frank, D., Topham, I, Micolussi, K. & Esper, 1. 2005 (Movember): Spatial mconstruction of
summer tempertures in Central Europe for the last 500 years wsing ammually resolved proxy records: problems
and opportunities. Boreav, Vol. 34, pp. 490-497. Oslo, ISSN 0300-9483,

Most palasoclimate studies in Central Europe, utilizing ammually resolved proxies such as tres-ring and doc-
umentary sources to reconstruct past temperatures, have focused mainly upon single sites or regional studies,
The combined nformation of published summer tempemture reconstructions from the Alpine region show a
generally coherent picture of cool conditions for the periods e, 1450-1475, 1575-1610, 1660-1710, [800-1850
and 1875-1925, These reconstructed cool periods can be partly explained by external forcing (eg. low solar
activity and voleanic events). However, these reconstructions, in their present form, cannot be wed to com-
paratively assess spatial summer temmperature variability through the region doe to methodological differences
m their development and the fact that many of them were not origimally developed to emphasize spatial
patterns, We propose that a network of tree-ring chronologies which have been processed in a consistent way
would allow the robust reconstruction of spatial summer temperature variability for high elevations in Central
Eumpe, Unfortunately, most living tree-ring chronologies only go back into the 18th century —s0 restricting the
length of reconstruction. As a possible solution, we introduce a historical database of ring-width series, mea-
sured from string instruments, that could be used to extend high elevation spruce chronologies in Central
Eumpe back for at least 500 years.

Rob Wilsan {e-mail: robwilson(@ed ac k), School of GeoSciences, Grant Institute, Edinburgh University, West
Mainy Road, Edinburgh, EH 30W, UK Dave Frank and Jon Esper, Swisy Federal Research Invtitute WL
CH-5%03 Birmensdorf. Switzerland, John Tapham, South Nutfield Redhill, Swrey, UK Kurt Nicolussi, fnvtitut

Siir Hochgebirgsforschung, Innrain 52, Innsbruck, Awtnia; receved Sth October 2004, accepted 28th April
2iHIE.
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Holocene tree-line variability in the Kauner Valley, Central Eastern
Alps, indicated by dendrochronological analysis of living trees

and subfossil logs
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Abstract  The altitude of the Alpine tree-line has of-
ten been used as proxy for the climatic conditions in the
Holocene epoch. The usual approach for establishing a
record for this proxy is the analysis of pollen and macro
remains. We analysed living trees and subfossil logs from
the timberling ecotone in the innermost Kauner valley in
the Central Eastern Alps in order to assemble a Holocene
dendrochronological tree-line record. Data sets comprising
age and height of living Stone Pines (Pinus cembra L.) were
collected at one site. Sections of 170 subfossil Stone Pine
logs from five other sites were dendrochronologically anal-
vsed and dated. Besides using dendrochronological analy-
ses, radiocarbon dating served as a means of obtaining the
age of some logs. Formost of the samples we could provide
dendrochmonological dates (1-year dating precision, back to
5125 p.o.) or wiggle matched dates (between approx. 7100
and 5040 s.c., dating precision with 95% probability: £7
vears). In the first half of the 19th century the tree-line
was located at about 2180 m a.s.]. in the innermost Kauner
valley. After approximately a.p. 1860 the altitude of the
upper limit of the occurrence of Pinus cenrbra individuals
(tree-species-line) and, being closely linked, also that of
the tree-line both rose. The current tree-line (trees =2 m) is
located at 2245 m a.s]. due to climatic conditions around
1980, Additionally we observed saplings up to a present
{a.p, 20000 tree-species-line at approx. 2370 m asl. The
dendrochmonologically analysed subfossil logs found at up
to 2410 m as.l. date from within the last 9000 vears (be-

tween approx. 7100 .o, and a.n. 1700). In the space of the
last 4000 years the dendrochronological tree-line record is
not continuous, probably due to human impact. Tree-line
positions similar to or slightly above the 1980 tree-line
are established for the time periods approx. 1000 to 640
B.C. and a.p. | to 330 respectively. For the time period
between approx. 7100 and 2100 g.c. the dendrochronolog-
ically analysed logs show nearly continuouns evidence of a
tree-line abowve the 1980s limit. Very high elevation of the
tree-ling, between 120 and 165 m above the 19805 level
(2245 m asl.) and even higher than the amn. 2000 tree-
species-line (2370 m as.l.), are recorded for the periods
T090-6570, 60405850, 57205620, 55004370 s.c.. ap-
prox. 3510-3350 p.c. and 2790-2590 s.c. Additionally, a
tree-ling which was located at least 50 m above the 1980s
limit can be shown for the periods 6700-5430, 49203350
and 3280-21 10 p.c. The dendrochronological record from
the Kauner valley, showing high and very high tree-line
positions between approx. 7100 and 2100 s.c. with only
two gaps (around 6490 .o and from 3350 o 3280 g.c.),
suggests that summer temperatures as observed in the late
20th century were at the nomnal or the lower limit of the
temperature range which can be assumed for long periods
of the early and middle Holocene epoch.

Keywords Holocene - Alps - tree line - Pinus cembra -
dendrochronology
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Dendrochronologia
Technical Note:

Time-varying-response smoothing

Thomas M. Melvin®, Keith B Briffa®, Kurt Nicolussi®, Michael Grabner®

* Climate Research Unit, Department of Environmental Sciences, University of East
Anglia, Norwich, NR4 7TJ. UK.

E-mail: tm melvin@uea ac uk

Tel: +44-1603-593161

Fax: +44-1603-307784

® Institute of Geography. University of Innsbruck, Innrain 52, A-6020 Innsbruck,

Austria,

 University of Natural Resources and Applied Life Sciences Vienna - BOKU
Summary

Cubic smoothing splines with a fixed-period response are used widely in producing
“expected” growth curves for nng-width and density data in dendroclimatology. A
simple modification to the procedure which generates these splines enables the use of
a smoothing spline with a user-specified, time-varying flexibility and hence time-
varving-response characteristics. The revised procedure 1s presented here, along with
different examples of its application in the context of Regional Curve Standardisation
(RCS). The ability to generate a smoothing spline with time-dependent flexability
mav have wider application in tree-ring studies.

Kevwords

RCS method, smoothing spline. dendrochronology. standardisation
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Nicolussi K., Pichler T., Kaufmann M., Thurner A

in preparation

Years of extreme tree-ring growth during the last millennium in the
European Alps
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Nicolussi K., Bohm R., Briffa K.R., Melvin T., Thurner A

In preparation

A summer temperature reconstruction for the last 2000 years
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Nicolussi K, Kaufmann M

in preparation

Evolution of the tree line in the central European Alps during the last
2000 years
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Influence of large-scale atmospheric circulation on climate variability in

the Greater Alpine Region of Europe
Dimitrios Efthymiadis, Philip D. Jones, and Keith E. Briffa

Climatic Research Unit, Schoel of Environmental Sciences, University of East Anglia, Norwich, UK
Reinhard Bihm

Central Institute for Meteovelogy and Geodynamics, Fisnna, Ausivia
Maurizio Maugeri
Istituto di Fisica Generale Applicata, Universita di Milane, Milan, Traly
Submitted for publication in

Journal of Geophysical Research — Atmospheres

12 September 2008

Abstract

The climatic vanability in the Greater Alpme Region (GAR) of Europe has a diverse character: it exhabats
differences between winter and summer, and between its individual subregions. The large-scale
atmospheric cireulation, as expressed by the mean sea level pressure (MSLP) pattemns in the wider Euro—
Aflantic region. plays a significant role in the climate variability in winter. but less in summer. In winter,
high-altitude temperatures are markedly linked with the Northern Hemisphere (INH) zonal circulation, as
expressed by the WH annular mode (WADM), whereas the low-level temperature field 15 associated more
with the circulation over the WE Atlantic. The Alpine mountain chain delimits the different winter
precipitation regimes between the northern and southern side of the GAR. While a British Isles-centered
pressure pattern plays the principal role in influencing northern Alpine precipitation. the North Atlantic
Oscillation (WAQ). and m particular its Mediferranean component, 15 the large-scale atmospheric mode
affecting precipitation over the southern Alpine region. The impact of the El Nifio/Southern Oscillation
(ENSO) phencmenon on GAR climate is weak, though it 15 distinctly mamifested within intermittent
peticds of 2 to 3 decades. In these periods. the late autumn and winter temperature and the winter and
spring precipitation exhibit a significant correlation with the ENSO state of the boreal winter, and even
mere promunently with ENSO state of the preceding autumn and late summer. Signs of ENSO mmpact cn
spmmer temperafure are also apparent, especially i the last quarter of the 20th century. The ENSO
impact is associated with atmospheric pressure anomaly patterns in the European region indicating
modifications of large-scale circulation whose effects are also found in the climates of larger areas of

Eurcpe.
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Warmer early instrumental measurements versus colder reconstructed

temperatures: hemispheric to regional evidence

David Frank™, Ulf Biintgen®', Reinhard Béhm® Maurizio Maugeri® and Jan Esper”

“Swiss Federal Research Institute WL, Ziircherstrasse 111, 5903 Birmensdorf, Switzerland
®Central Institute for Metsorology and Geodynamics, Hohe Warte 38, 1190 Vienna, Austria

“Institute di Fisica Generale Applicata, via Bvera, 25, 20121 Milan, Italy

Submutted to Quarermary Science Reviews as Rapid Communication. September 28, 2006

*Corresponding Authors:
frankdwsl.ch, buentgeni@wsl.ch

Phone <41 44 730 2222 Fax +41 44 739 2215

Abstract
Comparison of tree-ring based warm-season temperature reconstructions and their observational target

data reveals substantial divergence between (warmer) early mstrumental measurements and (colder)
proxy estimates. We here detail this systematic nusfit for the Northern Hemusphere and European

Alps, discuss the homogenization applied to the instrumental data and draw attention to its relevance

for understanding recent anthropogenic and past natural forced climate systems.
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Brunetti M, Lentini GL, Maugeri M, Nanni T, Auer |, Béhm R, Schoner
W

in preparation

Climate variability and change in the Greater Alpine Region over the
last two centuries based on multiple variable analysis
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Bohm R, Brunetti M and co-authors

in preparation

Trends of climate variability in the European Alps in the past two centuries

Preliminary abstract:

Public climate change discussion often claims an “increase of climate extremes” already to be
observed. In most cases, the subject it is not precisely defined and therefore not easy to be
supported or rejected by scientific analysis. Therefore, the proposed contribution wants to
precisely define its topic. We use a new dataset (HISTALP) covering the “greater Alpine
region” (GAR). The dataset is based on monthly instrumental climate data, carefully,
homogenised and outlier corrected. It is described in a poster in session AC07. For the three
leading climate elements, air pressure, temperature and precipitation, many series extend back
into the early instrumental period, some into the 18" century. An early series subset is used to
analyse the evolution of the range of high frequent variability. To overcome problems related to
non Gaussian distributions and in order to exclude any influence of existing climate trends, we
used interquantile ranges of detrended series in moving windows of 30 years. To avoid any
influence of a variance increase due to decreasing number of series when proceeding back in
time, we performed the analysis on each single series and not on regional means.

The results are maybe astonishing for someone not familiar with climate in the early
instrumental period. From the 19" to the 20™ century there has been a prevailing and significant
decrease of temperature variability, independent from the choice of the range (80%, 90%, 95%
and the outliers beyond) and stable also in terms of different subregions. For precipitation we
found different subregional and seasonal trends, but more decreasing than increasing
evolutions. Air pressure takes a position between: a clear dominance of variability decreases,
but a strange different winter evolution, which then also influences the annual results due to the
much higher variability of air pressure in winter. The results are similar (but as a matter of fact
less significant) for the recent decades which may be under anthropogenic influence already.

We clearly state that our study is not dealing with extremes based on daily or subdaily data, for
which we regard the still existing and not easily solvable data availability, homogeneity and
general quality problems to hamper similar analyses. But we are also convinced that a number
of extreme climate events and impacts like hot summers, large scale flooding events, major
droughts and others are well captured by monthly data. Therefore we regard our results to be
well usable as argument in a topic of main interest in a region to be claimed of high climate
sensitivity and vulnerability.
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Bohm R, Brunetti M, Jones P, Maugeri M, Ungersbéck M
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An independent confirmation of past decadal-scale temperature
increase by high- and low elevation air pressure series from the
European Alps
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Climate Dynamics
Evaluation of the Skill and Added Value of a
Reanalysis-driven Regional Simulation for
Alpine Temperature

Kerstin Prommel (1), Beate Geyer (1),
Julie Jones {2), Martin Widmann (3)

[1) GKB8E Research Center
Max-Planck-Sir. 1
21502 Gessthacht

Germany

1 2) University of Sheffield
Department of Gacgraphy
Sheffield 510 2TN
Great Britain

3] University of Birmingham
Sehool of Geography, Earth and Envircnmental Sciences
Birmingham B15 2TT
Great Britain

A bstract

A high-resolution regional climate simulation has been performed with the
REMO model for the whole of Eurcope for the period 1958-1998. The REMO
simulation and the driving ERA40 reanalysis are validated against station
datasets for 2 temperature over the Greater Alpine Region. The temporal
variability, as quantified by correlation, is well represented by both ERA and
REMO. However, both models show problems with the bias. For the REMO
simulation the bias reaches 3K in regions known to experience a problem
with summer drying in a number of regional models. In winter the bias
for the REMO simulation is negligible exeept for the high-elevation stations,
where it is highly negative (-3.5 K) and is probably caused by the compar-
ison of grid box data with station data as the altitude correction applied
to the simulated data can not consider all effects related to elevation differ-
ences. The difference between the biases of the REMO and ERA simulations
dominates the reduection of error, which shows that the added valne of the
higher resolution regional simulation compared to the reanalysis, where mea-
surements are assimilated, varies between the seasons and regions. In some
regions the reduction of error also depends on the selection of stations used
for the validation. However, the better representation of REMO in the inner
Alpine subregions in summer is a robust feature.
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Climatological evaluation of the REMO (REgional MOdel) precipitation
simulation over the Greater Alpine Region 1971 — 1999
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Climate variability in the alpine region over the last millennium in a
European context
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Hydrological Processes, special issue: Hydrometeorology and Snow Seasonality in Mountains

Long term trend of snow depth at Sonnblick (Austrian Alps) and its relation to

climate change

W. Schémer, [ Auer and F. Bohm

Central Institute of Meteorclegy and Geodynamics, Hohe Warte 38 A-1190-Viemna,

Ansmmia

Abstract:

Snow 15 a sigmificant factor of mountain environments and plays a relevant role for
national econonues and water resources. Moreover it 15 an important climatic Impact
especially m the comtext of climate change. In this study the extensive snow
measurement network of the Somnblick region (Hohe Tavem, Anstrian Alps) i3 usad to
describe temporal ends m snow depth as well as 1ts relation to climate change for a
high elevated site of the Alps. Spatial representateveness of single snow stakes with
readings back to 1928 1z derived using a spatially dense snow height probing performed
every May since 1987 in the frame of glacier monitoring programme. Long term trends

of snow depth show a sigmficant reduction i the conmbutien of snow accumulation

from core winter (1 December to 1.March). Largest values of snow depth wers
measured m the 1940ies and 1950ies. Relation between snow depth and climate 1s
investigated by means of local climate data of Somnblick Observatory and by means of
the North Atlantic Oscillation Index NAOIL Whereas winter air temperature and
therefore fraction of sohd precipitation are sigmficantly comrelated with the NAOIL, for
winter precipitation and snow height at 1.May no correlation was found with NAQL A
simple statistical relationship between air temperature and fraction of solid precipitation
15 used for estimation of temporal rends of fraction of sohid precipitation at different
altimdes. For summer a decrease of about 1% of solid precipitation per decade was
found. Companson of monthly changes m snow depth with precipitation measurements

munderlines the high influence of wind processes on snow depth.
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Temperature reconstruction at the mountain Dachstein, Austria
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Reconstructing early summer precipitation at Eastern Austria with the
help of tree-rings
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Simulation of §'0 in precipitation by the regional
circulation model REMO;,,

Kristof Sturm,"?* Georg Hoffmann,” Bérbel Langmann' and Willibald Stichler*

L Max-Planck-Inssine fir Meteorologie, Hamburg, Germary
2 Laboraioire de Glaciologie ef Géophysigue de "Environnement, BP 96-38402 Saine Marvin d"Héves cedex, Saclay, France
Laboratoire des Sciences du Climat et de I'Environnement, France
4 Forschungszentrum fir Unnwelr und Gesundheit, Newherberg, Germany

Abstract:

The first results of a regional circolation model REMOy,, fitted with water isotope diagnostics are compared with
varions isotope series from central Europe. A 2 vear case study is conducted from March 1997 to February 1999
centred over Europe, analysing daily and monthly measurements. Isotope signals over Europe are dominated by the
typical isotopic effects such as temperature, continental and altitude effects. both on annual and seasonal scales. These
well-known isotopic effects are successfully reproduced by REMOy,. using two different boundary data sets. In a
first simulation, the European Centre for Medivm-range Weather Forecasts (ECMWE) analyses serve as boundary
conditions, where water isotopes were parameterized by a simple temperature dependence. In a second simulation,
boundary conditions both for climatic and isotopic variables are taken from the ECHAM;,, general circulation model
output. The comparison of both simulations shows a very high sensitivity of the simulated $'0 signal to boundary
conditions. The ECMWF-nested simulation shows an average offset of —4.5%, in mean 50 values and exaggerated
seasonal amplitwde. The ECHAM-nested simulation represents correctly the observed mean 50 values, although with
a dampened seasonality. REMOy, s isotope module is further validated against daily 5'°0 measurements at selected
stations (MNordeney, Arkona and Hohenpeissenberg) situated in Germany. Copyright © 2005 John Wiley & Sons, Lid.

KEY WORDS  stable water isotopes; hydrological/water cvele; regional modelling
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Simulation of the water isotopes in precipitation over South
America: comparing regional to global circulation models

Kristof Sturm?! Georg Hoffmann{ Biirbel Langmann*

28th February 2005

*Laboratoire de Glaciologie et Géophysique de I'Environnement, CNRS /O5UG-Grenoble
fLaboratoire des Sciences du Climat et de "Environnement, CEA-Saclay
Frdax-Planck-Institut fiir Meteorologie, MPG-Hamburg

1 Introduction

U The case for regional circulation models, Climate archives contain temporally continuous, but
spatially discrete information. Circulotion models help interprete / synthetise station data in terms
af synoptic variotions. A belter horizontal resolution improves the simulation of local/regional
processes, especinlly in mountoin areas. The stable water isotopes (SWI) give further insights on
the path of an air pareel, henee its simulation sets further constraints on the correet representation
of the waler epele.

In ovder to differentiote ourselves from the comprehensive poper by Vuille et al., highlight our
bonuses: REMO, D excess, dipole feature onee ENSO variability is concelled (climatological run).
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Frank D, Buntgen U, Esper J, Pichler T, Nicolussi K

In preparation

Temperature variability in the Alps: extension and update of the Tyrol dataset

Preliminary abstract:

The Tyrol dataset is a collection of 71 Picea abies ring width measurement series from the
Stubaital and Oetztal in Austria. It was sampled in the 1970s (Lamprecht 1978, Siebenlist-
Kerner 1984) — the outermost ring is 1975 — and extended back into the 14th century.
Despite this limited length, the collection and derived chronologies have been used in recent
publications dealing with millennium-long, hemispheric scale temperature variations (D'Arrigo
et al. 2006, Esper et al. 2002, Osborn & Briffa 2008), indicating the relevance of these data in
reconstructing large-scale climate variability. The data were considered despite the early end
date (1975) limiting the calibration period by about 30 years, i.e. recent decades of
instrumental data could not be used for climate signal analysis.

We here describe efforts of updating this relevant dataset. These include extending the data
back in time and updating it during recent decades. We review the commen variance of the
various sub-samples combined in the Tyrol collection, and describe some initial assessment
of the climate signal. Interestingly, past efforts to reconstruct larger scale temperature
variations considered only the tree-ring width (TRW) data fraction of the Tyrol collection. The
original and now updated datasets contain both TRW and density measurements, however.
So, here we focus on the maximum latewood density (MXD) measurements and compare
their climate signal with that found in TRW.
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Hoffmann G plus author consortium of partners 6 and 4

in preparation

High-Resolution Modelling of Water Isotopes in Western Europe and
the Greater Alpine Region: From day-to-day variability to climatological
isotope/temperature relationships
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Using high resolution modelling to construct an archive transfer function
for high Alpine water isotope records
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IGS Symposium on Cryosphere Indicators of Global Climate Change

Cambridge, 20-25 August, 2006

Integrated monitoring of mountain glaciers as key indicators
of global climate change: the European Alps

Wilfried Haeberli, Martin Hoelzle, Frank Paul and Michael Zemp
Glaciology and Geomorphodynamics Group,

Department of Geography, University of Zurich, Switzerland

1.ABSTRACT

The internationally recommended multilevel strategy for monitoring mountain
glaciers is illustrated using the example of the European Alps, where especially
dense information has been available through historical times. This strategy
combines in-situ measurements (mass balance, length change) with remote
sensing (inventories) and numerical modelling. It helps to bridge the gap
between detailed local process-oriented studies and global coverage. Since the
1980s, mass balances became increasingly negative with values close to -1 m
w.e. per year during the five first years of the 21* century. The hot/dry summer
of 2003 alone caused a record mean loss of -2.45 m w.e., roughly 50% above
the previous record loss in 1998, more than three times the average between
1980 — 2000 and an order of magnitude more than characteristic long-term
averages since the end of the Little Ice Age and other extended time periods of
glacier shrinkage during the past 2000 years. It can be estimated that the
glaciers in the European Alps have lost about half their total volume (roughly -
0.5% per year) between 1850 and around 1975, another 25% (or -1% per year)
of the remaining amount between 1975 and 2000, and additional 10 to 15% (or
-2 to -3% per year) in the first five years of this century.



EVK2-CT-2002-00148 ALP-IMP final report ANNEX 2

ALP-IMP-rev-60

IGS Symposivm on ‘Cryespheric Indicators of Glebal Climate Change”, Cambridge, 21.-25. Aug 2006

Long-term changes in alpine glacier volume obtained
by six independent approaches
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I Department of Geography, University of Zurich-Irchel, Zurich, Switzerland
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Corresponding author:
Frank Paul, Winterthurer Strasse 190, CH - 8057 Zurich, Switzerland
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Abstract

Changes in volume of alpine glaciers over longer periods of time are of major interest for several
studies, including impacts of climate change, changes in fresh water resources (agriculture,
hydro-power), validation of direct mass balance measurements and calculation of contributions
to sea level rise. As many glaciers around the world have lost a major part of their volume {up to
50%) from 1850 to the 1970s, an accurate assessment of this loss based on a larger sample is
required. The methods to evaluate long-term volume changes can be distinguished into differ-
ences of total volumes and direct determination of the change. Large uncertainties arise due to
lacking input data and result in the still most popular application of volume-area scaling,
although area s physically not the factor controlling glacier thickness. In this study we compare
changes in glacier volume from 1850 to 1973 for 59 selected glaciers in the Swiss Alps by means
of six independent methods: (1) volume-area scaling. (2) mean thickness from area, (3) the shal-
low ice approximation, (4) cumulative length changes. (5) polygon bodies from contour lines,
and (6) subtraction of reconstructed DEMs. The comparison reveals that volume changes for
individual glaciers might differ by a factor of three or more, while relative differences compared
to method (2) varies mainly between +100% and -150%. There is no correlation between the dif-
ferences in total or relative volume change with glacier size. While method (1) and (2) give very
similar volume changes, (3) reveals somewhat higher changes and (4) somewhat lower changes
than (2) for most of the glaciers, both with a large scatter. Methods (5) and (6) mainly overesti-
mates volume changes with a 40% higher mean. We suggest to average volume changes at least

from two independent methods and take an uncertainty range of about +/-25% into account.
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Der Alpine Niederschlagsdipol —
ein dominierendes Schwankungsmuster der Klimavariabilitat
in den Scales 100 km — 100 Jahre

Reinhard E!ninhrn1 Ingabur% Auer’, Wulfgan% Schéner', Markus Ungerb:}r:k‘
Corinna Huhle?, Tarasa MNanni”, Michel E.runett; Maurizio Maugen Luca Mercalh
Marjana Gajlc-Capka I{sanua Zaninovic®, Sandor SZEHEI] Tamas Szennmrey .
Tanja Cegnar®, Dlwer Bochnicek®, Michael Eegert Olivier Mestre"'
Jean-Marc Moisselin'’, Gerhard Miiller-Westermeier™ & Zeljko Manstmwc”

'ZAMG, Wien, 2IMG-Uni-Wien, “Istituto ISAC, CNF{ Baologna,
Unwarsna di Milano, "SMI, Torina, "DHZ Zagreb, "HMS, Budapest,
HMZS Ljubljana, I*SF-FI'«-'IU Bmuslava "Malen S:hwmz Ziirich,
""Météo France, Toulouse, '“DWD, Offenbach, "*FMZ, Sarajewo

Zusammenfassung

Das Klimaelement Niederschlag zeigt
auf allen der raum-zeitlichen Skalen
starke Variabilitdt, auch im langfristigen
Trendverhalten. Ein neuer, rdumlich
dichter Datensatz von 192 homogeni-
sierten instrumentellen Reihen in mo-
natlicher Aufldsung im Groliraum Al-
pen wird hier vorgestelll, der bis zum
Jahr 1800 zuriickreicht. Erste Analysen
deuten auf eine systematische Lang-
frist-Oszillation zwischen gegenidufi-
gen Trends NW-lich und SE-lich der
Alpen hin.

Summary

Precipitation shows strong variability
on all spatial and temporal scales —
also concerning long-term trends. We
present a new high density dataset of
192 homogenised instrumental month-
ly precipitation series in the "Greater
Alpine Region”, starting in the year
1B00. Firsl analyses have detected a
systematic long-term oscillation of in-
verse long-term trends in the NWern
vs. the SEern subregions of the study
region.
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Riumliche Dekorrelation von Klimazeitreihen unterschiedlicher
zeitlicher Auflésung und ihre Bedeutung fiir ihre
Homogenisierbarkeit und die Représentativitat von Ergebnissen

Helfried Scheifinger, Reinhard B6hm & Ingeborg Auer

Zentralanstalt fir Meteorologie und Geodynamik, Hohe Warte 38, 1190 Wien

{helfried_scheifinger@zamg.ac.at)

Zusammenfassung

Relative Homogenisierungsmethoden
setzen voraus, dass ein gewisses Min-
destmall an gemeinsamer Varianz (z.
B. 0.5) zwischen benachbarten, zur
Homogenisierung verwendeten Statio-
nen, vorliegt. Auf Grundlage dieser
Idee soll ein Kriterium der Homogeni-
sierbarkeit entwickelt werden, das es
erméglicht, a priori die Homogenisier-
barkeit von Datensétzen festzustellen.
In dieser Arbeit werden erste Ansatze
dazu vorgestellt. Das raumliche Ver-
halten der gemeinsamen Varianz von
Zeitreihen zweier Temperaturdatensat-
ze werden beleuchtet und gegeniiber-
gestellt.

Abstract

Relative methods for homogenisation
of data sets assume that there exists a
minimum of common variance, e.g.
0.5, between neighbouring stations.
Based on this idea one might develop
a criterion, which makes it possible to
figure out a — priori, whether a data sel
is suited for homogenisation at all or
not. Here we present first results of an
analysis of the spatial variability of the
common variance between station
pairs of two temperature data sets.
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Das neue Schweizer Gletscherinventar 2000:
Anwendungen in der Gebirgskartographie

Frang PauL, ANDREAS KAAR, Max MaiscH. TORIAS KELLENBERGER, WILFRIED HAEBERLI

Geographisches Institut, Glaziologie und Geomorphodyvnamik Gruppe,
Universitit Ziirich-Irchel, Winterthurerste, 190, CH-8057 Ziirich, Schweiz

ABSTRACT

Im neuen Schweizer Gletscherinventar 2000 wurden verschiedene kartographische Darstellungen
von Gletschern und ihren Verfinderungen mit Hilfe des GIS Arc/lnfo realisiert. Neben einem DHM
und orthorektifizierten Satellitenbildern verschiedener Auflésung standen dafiir eine Auswahl digita-
ler Gletscherumrizsse von 1850 bis heute zur Verfiigung. Mit diesen drei Komponenten lassen sich
unterschiedlichste Visualisierungen realisieren, die jedoch nicht alle sinnvoll sind. Inshesondere der
Verwendungszweck, das Zielpublikum und der gewiihlte Masstab schriinken die Auswahl mglicher
Kombinationen ein. Diese werden im folgenden Artikel diskutiert.
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METADATA AND THEIR ROLE IN HOMOGENISING

Ingeborg Auer, Reinhard Bihin, Helfried Scheifinger, Markus Ungersbick
Alexander Orik and Anita Jurkovic
Central Institute for Metecrology and Geodynamics
Hohe Warte 38
A-1190 Vienna, Austria
phone: 0043 1 36026 2206, fax: 0043 1 36026 72
email: ingeborg aner(@zamg ac at

INTRODUCTION

During the last years the question of climate variability and change has moved more and more into the
public eye. Although the climate debate aims more to future climate the knowledge of past climate
variability is the indispensably solid basis to understand the mechanisms of climate variability for the
changes of future climate. In order to achieve thiz geal histosical climate time series have to be
analysed, however, inhomogeneities can bias the series and the results will not reflect only natural
climate variability. The best way to avoid inhomogeneities in climate time series is to keep the record
homogeneons, nevertheless we have to accept that even at present some changes cannot be avoided
and the history of a station cannot be changed. In order to ascertain the homogeneity of a series a
number of good tools have been developed (comp. Szalai et al, 1999 or Peterson et al., 1998 a.0.) and
progress has been going on to improve and refine these methods. Also WMO has stressed its strong
interest in this topic. For that purpose WMO imtiated that “Gudelines on Metadata and
Homogenisation™ (Aguilar E et al. 2003) should be worked out. The draft version is available at:
hitp:tarerw bom. gov an/wmo/climate/ecl/CClL_HM_ 250803 doc:

At the Central Institute for Meteorology and Geodynamics in Vienna during the last ten vears a
number of climate vanability projects have been finished or are carried out at present focussing on
time series amalyses in the Alpine region (ALOCLIM, ALPCLIM, ALP-IMP, CLIVALP). During
these projects, apart from the use of homogeneity tests an intensive study of metadata has been
performed. The paper intends to put together some results provided by these projects and to underline
the importance of metadata studies.
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Abstract Three multi-centennial tree-ring chronologies from the Swiss and Austrian Alps are
aggregated. 229 spruce, 1110 larch and 418 pine samples from living trees and historical
timbers were detrended to preserve low frequency, multi-centennial variations, by applying
the Regional Curve Standardization (RCS) method. The influences/biases of two different
ways of calculating tree-ring indices as part of the chronclogy development are shown.
Specifically, we compare detrending by ratios with detrending by residuals after applying a
power transformation. These methods are shown to have a significant impact on growth
levels, trends and variability of the resulting chronology. The sensitivity and/or robustness of
RCS chronologies to these calculation methods is discussed. We show this to be of
significant importance, particularly when tree-ring data are used in climatic and
environmental change studies, placing the 207" century warming into a long-term context.
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Outstanding past decadal-scale climate events in the Greater
Alpine Region analysed by 250 years data and model runs
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Abstract

Detrended climatic time series are in general not white but show on a multi-annual to decadal
timescale significant anomalies, hereafter called “outstanding periods™ {O.P). Such O Pss are the
central subject/core of the study. Basis of the urvestigation are two datasets that cover the past
250 vyears and their consistencies at regional and multi-annual to decadal scales respectively.
The first dataset is representative at sub-European to European scale and consists of homog-
enized time series of several climate elements. This study contributes to its generation. The
second dataset covers the whole globe at a rather coarse resolution and results from differently
forced climate model simulations.

There is a set of goals achieved by this study. First, to comprehensively describe climate
and its vanability during the past 250 years within the Greater Alpine Region Second, the
detection of "outstanding temperature periods’ from 1760 onward. Third, the investigation of
the linkage/interplay between large scale circulation and regional scale temperature and thereby
fourth, making a contribution to the understanding of the interrelation between external forcings
and regional scale climarte.

The first goal 1s achieved by creating a homogemzed dataset (hereafter called HISTALP) of
instrumental monthly series of air temperature, precipitation, air pressure, sunshine duration
and cloudiness, that are of sufficient length. These series cover “the Greater Alpine Region’
{hereafter "GAR"), which extends from 43N4E to 49N19E and some of them start as early as
1760. The HISTALP series have been quality improved in terms of detection and elimination
of non climatic inhomogeneities and outliers.

Based on temperature “outstanding periods’, which are multi-annual to decadal sequences of
years that exhibit large fractions of stations showing significantly higher or lower values than the
detrended long-term course, are detected. The reality of these outstanding pericds 15 shown to
be supported by the temporal advancing and retreating of Alpine glacier records. Precipitation
records are used to confirm the detection of outstanding periods and series of sunshine-duration
and cloud cover help to formulate a hypothesis explaining some model-data mismatches.

During outstanding periods we investigate the synoptic scale behaviour as simulated by the
atmosphere-ocean general circulation model ECHO-G. Atmospheric circulation is analysed by
an objective decomposition of ECHO-G's SLE, which 15 done by rotated empirical orthogonal
functions. This step helps to achueve the third goal.

The fourth goal 1s aimed for by the analysis of several ECHO-G model runs driven by dif-
ferent external forcings. Although findings should not be overrated this approach seems to
be appropriate for answering questions related to the regional scale impacts of different exter-
nal forcings. Such comparnsons between homogenized historical series and model simulations
have the potential to enhance our knowledge about the mnteraction of the scales and the possible
physical-dynamical background. For winter plus the whole vear results, achieved by the com-
parison of large scale simulation and regional scale reaction, are somewhat promising. Results
achieved for summer are more difficult to interpret mamly because of summer circulation and
a reduced sample size of outstanding periods compared to winter and the whole year.
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Abstract: The presentation discusses the potential, the needs and the state of the ant of climate variability
data guality and analysis in the instrumental period. The greater alpine region is used as an example.
Problems and solutions conceming the non climatic noise in time series is discussed (the homogeneity
and outlier problem) and some first results based on the new HISTALP datasets are shown

Kepvords: climate variability, instrumental period, data gquality, Greater Alpine Region
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PRECIPITATION DATASET FOR THE GREATER ALPINE REGION
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Abstract A new precipitation dataset for the Greater Alpine Region (GAR; 4°E-19°E, 43°N-49"N) has been
developed. Tt provides monthly precipitation tolals for the [R00-2003 period on a [0-min mesolution grid. The new
‘HISTALP [0-min-grid’ dataset is based on long-term homogenized precipitation series from meteorological stations
across the study domain and a high-resolution precipitation climatology dataset for the 197 1-1990 period. The
effective coverage of the datasel depends on the observations available in the station network which progressively
decline back to the eady 19t Century (fom 192 0 5 stations). To aid the use of these data in other studies, an
accomparying dataset has also been developed, which provides a measure of quality of sach monthly precipitation
estimate over the grid: the explained variance, relative to the 1931-2000 (maximum data availabilitv) period. The
computed guality score illustrates the comparatively poorer accumcy of the dataset for regions and months with less
coherent precipitation fields (ie, over the Alps and in summer) and when the mumber of stations is reduced,
particularly before 1840, The derived gridded field has been compared with other independentlv-developed datasets
and is found to provide a similar description of the precipitation in the GAR for places and periods of commaon
coverage,

Keywords — precipitation, spatial imterpolation, European Alps
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Abstract: The Grzater Alpine Region (the GAR) covenng the area between 4-197E and 43-50°N and an altitude
range between 0 and more than 4000 m asl. offers a challenging climate worth to be studied in any detail. However, it
is surprising that up to now no comprehensive Alpine Temperature Climatology covering the whole region is exist-
ing. To overcome this deficiency as a first step we want to produce monthly temperature maps for this region in
spatial mesoluticn as high as possible. The period under investigation will be [961-1990. In this paper we will de-
scribe the first steps of our initiative as well as the further plans,

Keywaords - Greater Alpine Region (GAR), monthly Temperature Climatology high spatial resolution, J961-1990
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Abstract: A recently set up and homogenised new precipitation dataset for the Greater Alpine Region (GAR) is
presented here with some first preliminary analvses, Climate change patterns within the study region are analvsed in
terms of regional Iy different evolutions, seasonality, and short o long-term trends. It will be shown that precipitation
presents pronouncedly different variability patterns in space as well as in terms of seasonality and at different time
scales,

Keywords — Precipitation, PCA, Trends
600
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THE NEW CENTENNIAL SNOW INITIATIVE FOR THE GREATER ALPINE
REGION (GAR). STATUS REPORT AND FIRST RESULTS
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Abstract: Snow is a significant element in the climate system and has great impact on ecosystem and
economy in the Alps, too. Astonishingly there is still a strong gap between the data potential and the data
avallability. Caused by the existing deficits we started a digitising, quality evaluation, homogenising and
analysing initiative for the Alpine region. For the first time we can present a 21=vear ( 1895-1915) daily,
high density dataset that was electronically scanned from historic hydro-yearbooks for recent Austria and
additional some swrounding regions in Italy, Slovenia, Croatia and Czech Republic. We hope that ouwr
snow initiative will grow to a pan-alpine effort to fill the existing lack of mformation.

Keywords - snow initiative, daily data, greater alpine region, high density dataset
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COMPARISON OF A HIGH-RESOLUTION

REGIONAL SIMULATION AND THE ERA40 REANALYSIS
OVER THE ALPINE REGION
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Abstract: Within the EU project ALP-IMFP a high-resolution regional simulation driven by the ERA40
reanalysis has been performed for the Greater Alpine Region (GAR) for the period 1958 to the present.
A comparison of the high-resolution simulation and the ERAM reanalysis regridded to 1 deg resolution
with four different monthly mean temperature datasets for the GAR shows for both very high correlations
of around (.9, and in general slightly higher correlations for the regional simulation. Correlations of the
regional simulation and the reanalysis with observations increase with spacial scale. The separation of the
GAR into six subregions identifies the Po plain as a region where the high-resolution simulation as well as
ERA4D have problems in reproducing the instrumental measurements.

Keywords - ALP-IMP, high-resolution regional modeliing, BREMO, ERA40 reanalysis

73



EVK2-CT-2002-00148 ALP-IMP final report ANNEX 2

ALP-IMP-nrev-54

TRACE 4 38-45

Effect of uncertainty in instrumental data on reconstructed
temperature amplitude for the European Alps

U. Biintgen’, D.C. Frank', R. Bohm?® & .J. Esper’
' Swiss Fedsral Research Institufe WSL, Zarcherstrasse 171, 8903 Bimensdort, Switzerand
Email: busnfgen@@wsl.ch
*GCentral Institute for Meteorology and Geodynamics, Hohe Warle 38, 1130 Vienna, Austria

Introduction

We compiled two recent high-resolution climate reconstructions (Bintgen et al. 2005a, b)
estimating millennial-long temperature variations in the European Alps. These records show
similar long-term behavior including the Medieval Warm Period (MWP), Little lce Age (LIA),
and recent warmth (Grove 1988, IPCC 2002, Lamb 1965), howaver, vary in their estimates of
the absolute reconstructed temperature amplitude. Reasons for these amplitude ranges are
manifold, including the utilization of differing tree-ring parameters (ring width and maximum
latewood density), slightly varying instrumental targets, and differing calibration methods.
This regional-scale finding is even more striking for the Morthern Hemisphere, where
uncertainty in reconstructed amplitudes is in the order of the total vanance estimated over
the last millennium (Esper et al. 20053, b).

Herein, we more systematically study the effect of utilizing instrumental target data on the
reconstructed Alpine temperature amplitude. We re-calibrate the two femperature
reconstructions (Bintgen et al. 20053, b) against two differing 20th century instrumental
datasets representing the same area in the Alps, and test the effect of changing calibration
periods and seasonal means on the obtained amplitude. We show that reconstructed
amplitude ranges in the order of ~1-1.4°C solely result from scaling against different
instrumental target datasets. Further amplitude variations are quantified and their relevance
for the ‘true’ long-term course of Alpine temperature vanability discussed.
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The strong reaction of glaciers to small changes in climate (mainly temperature and
precipitation) designates glaciers as a unigue demonstration object of ongoing
climate change for a wide public (Zangl & Hamberger 2004 ). Under current scenarios
of atmospheric warming for this century, many Alpine glaciers are likely to disappear
within the coming decades (Zemp et al. 2008). The future evolution of glacier size
and velume is of major importance for many purposes, including hydro-power
production, run-off (agriculture, transport), tourism or natural hazards (rock fall, lake
development). In consequence, there is an urgent need to quantify future glacier
evolution on an Alpine-wide scale. As current models for calculation of future glacier
length or area require input data that are generally not available for most glaciers
(e.g. the bedrock), simpler approaches have to be found. We have developed such a
simple modelling scheme that calculates future glacier geometry using digitized
glacier outlines and a digital elevation model (DEM) only (Paul et al. in press). The
model assumes a steady-state equilibrium line altitude (ELAq) that is based on a
constant accumulation area ratio (AAR) for all glaciers (e.g. Maisch et al. 2000) and a
constant sensitivity of the ELA, to temperature changes of 140 m for a 1 *C increase.
By calculating a 10 m hypsography within a GIS for all 3062 glacier entities in our
sample, we can easily calculate the new accumulation area (and thus total area) for
any given shift of the ELA; (we use six values in steps of 100 m) within a few
seconds. In order to account for a certain variability of the AAR, we run the model
with four different AAR, values (0.5, 0.6, 0.67, and 0.75). The model neglects any
changes in glacier thickness, curvature or the size of the accumulation area.

75



EVK2-CT-2002-00148 ALP-IMP final report ANNEX 2

ALP-IMP-nrev-70

TRACE 4

Updating the Tyrol tree-ring dataset

J. Esper', L. Biintgen', D. Frank', T. Pichler?, K. Nicolussi*
"Swiss Federal Research Instifute WSL, 8902 Birmensdaorf, Switzerland
*institute of Geography, University of innsbruck, 6020 Innsbruck, Ausina

E-mail: espen@wsl.ch

Tyrol collection and use in palacoclimatology

The Tyrol dataset is a collection of 71 Ficea abies ring width measurement series from the
Stubaital and Oetztal in Austria. It was sampled in the 1970s (Lamprecht 1978, Siebenlist-
Kerner 1984) — the outermost ring is 1975 — and extended back into the 1dth century.
Despite this limited length, the collection and denved chronologies have been used in recent
publications dealing with millennium-long, hemispheric scale temperature variations (D'Arrigo
et al. 2006, Esper et al. 2002, Osborn & Briffa 2006), indicating the relevance of these data in
reconstructing large-scale climate vanability. The data were considered despite the early end
date (1975) limiting the calibration period by about 30 years, ie. recent decades of
instrumental data could not be used for climate signal analysis.

We here describe efforts of updating this relevant dataset. These include extending the data
back in time and updating it during recent decades. We review the common variance of the
various sub-samples combined in the Tyrol collection, and describe some initial assessment
of the climate signal. Interestingly, past efforts to reconstruct larger scale temperature
variations considered only the tree-ring width {TRW) data fraction of the Tyrol collection. The
original and now updated datasets contain both TRW and density measurements, however.
So, here we focus on the maximum latewood density (MXD) measurements and compare
their climate signal with that found in TRW.
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