
Dear	referees,	dear	editor	

In	the	name	of	all	co-authors	I	would	like	to	thank	you	for	the	careful	handling	of	the	manuscript	
and	the	number	of	constructive	comments	that	substantially	increased	the	quality	of	our	
manuscript.	Please	find	below	our	replies	to	the	questions	and	suggestions	raised.	We	are	glad	
to	include	all	changes	in	the	revised	version	of	the	manuscript.	

Best	regards,	This	Rutishauser	

	

Anonymous	Referee	#1	 

General	comments	 

In	their	Data	Description	paper,	’The	BernClim	plant	phenological	data	set	from	the	Canton	of	
Bern	(Switzerland)	1970–2018’	Rutishauser	and	colleagues	describe	long-	term	phenological	
data	from	three	tree	species	and	one	herb	collected	since	1970	(and	continuing	today).	The	data	
are	relatively	unique	in	having	the	same	observers	at	most	sites	over	the	(long)	observation	
period;	and	thus	provide	an	important	comparison	for	data	collected	by	varied	observers	over	
time	(which	is	far	more	common,	based	on	my	experience).	The	authors	review	some	basics	of	
the	data	collection,	quality	control	on	the	data	and	provide	some	simple	but	very	nice	visuals	of	
the	data,	including	some	basic	information	on	how	they	capture	extending	growing	seasons	with	
climate	change.	These	data	add	to	one	of	the	better	areas	of	the	world	for	high-quality	long-term	
data	and	are	important	for	understanding	climatic	control	on	plant	phenology	in	the	past	and	
what	it	means	for	plants	in	a	future,	hotter	planet.	 

Specific	comments	 

This	paper	is	generally	very	well	written	and	easy	to	read,	but	I	was	confused	about	a	few	things	
that	I	think	minor	re-structuring	could	address.		

We	appreciate	the	general	comments	of	the	reviewer	and	thankfully	address	specific	comments	
and	suggestions	below. 

(1)	Given	that	non-first	dates	were	flagged	in	quality	control	I	think	the	data	collection	must	
have	been	focused	on	first	events.	However	this	was	not	clearly	stated	(at	least	not	clearly	
enough	for	me).	If	the	data	are	focused	on	first	events,	please	state	it	more	clearly.	If	not	it	would	
be	helpful	to	know	why	non-first	dates	were	flagged.		
We	assume	that	there	exists	some	confusion	in	the	terminology.	"First	date	observations"	can	be	
defined	as	the	first	flowering/budburst	of	a	plant.	This	would	relate	to	the	1%	of	a	phenological	
event.	In	our	dataset,	we	find	observations	that	recorded	the	date	when	50%	of	the	
flowers/buds	opened.	Thus,	non-first	events	were	flagged	when	they	relate	to	a	repeated	
observation	of	50%.		

(2)	I	would	have	appreciated	a	little	info	on	who	the	observers	were	and	how	they	were	found	
and	enlisted	in	the	project.		
We	added	the	following	sentence	"Overall,	more	than	200	volunteers	were	recruited	for	
observing	in	1971	through	the	teacher	training	program	of	the	Institute	of	Geography.	A	large	
number	of	observers	have	a	training	in	public	school	teaching	or	family	doctors,	and	have	a	
strong,	intrinsic	motivation	for	observing	natural	phenomena	and	processes."	

(3)	Somewhat	related	to	(2)	I	would	move	up	the	Jeanneret	&	Rutishauser	2012	...	For	example,	
an	overview	of	what	you	will	cover	in	the	‘observation	network	and	data’	could	be	followed	by	



’more	details,	such	as	on	how	observers	were	located,	trained	and	details	on	[insert	a	few	more	
important	details	covered	in	other	paper]	are	given	in	Jeanneret	&	Rutishauser	2012.		
The	reference	is	moved	and	additional	information	added	in	the	text	as	suggested	

(4)	I	additionally	wondered	if	the	trees	were	in	forests,	cultivated	systems,	clonal	gardens	or	
what?		
Added	in	the	text.	Most	sites	and	the	plants	were	observed	in	cultivated	systems.	No	clonal	
individuals	were	observed 

Technical	comments	-	If	possible	with	the	journal’s	style	guidelines	it	would	be	nice	to	see	the	
species	names	italicized	in	the	abstract.	done		

	
-	I	would	have	liked	a	quick	explanation	of	what	regime	shift	was	referenced	in	the	abstract.	For	
example,	instead	of	’the	regime	shift	in	the	late	1980s,’	it	could	read	’a	regime	shift	in	the	late	
1980s	observed	across	numerous	other	phenological	and	meteorological	datasets.’	Done	

	-	Given	the	focus	on	’first	dates’	I	would	reword	line	74	"First	observations	were	performed	in	
1970’	to	’Observations	began	in	1970.’	done		

-	Exposition	is	often	called	’aspect’	in	my	world,	I	might	mention	this	once	in	the	abstract	and	
once	in	the	main	text:	exposition	(aspect)	done		

-	Line	103:	123	500	data	collected	over	what	period	of	years?	The	number	isn’t	that	meaningful	
without	a	time-window.	We	include	"During the intensive initial phase of the network"	

-	Robert	Brugger	is	an	expert	in	what?		
We	added	to	the	text	"… an	expert	in	biology,	plant	physiology	and	phenology	(Robert	Brügger)"	

-	Line	106:	extra	period	at	end	of	sentence	done	

-	day	of	year	is	in	inconsistently	spelled	(day-of-year,	Days	of	Year	etc.)	throughout	manuscript;	
whichever	seems	find	to	me	so	long	as	it	is	consistent.		
We	checked	the	complete	manuscript	and	used	day	of	year	(DoY)	

-	Line	137-8	and	160	-	’the	beech’	and	’the	Apple	tree’	sounds	a	bit	odd,	it	should	be	apple,	not	
Apple	I	believe	and	I	think	’the’	may	not	be	needed.	I	suggest	instead	"...leaf	colouring	of	beech	
and	22.7%	concerned	flowering	of	apple."		
done	

-	Figure	6:	The	colored	versus	black	lines	are	not	well	explained	(I	assume	black	means	some-	
thing	different?	As	5	colored	lines	are	mentioned	in	the	caption	and	the	black	line	is	a	6th	line,	I	
believe),	nor	is	there	information	on	the	red	dashed	line.	I	would	also	mention	the	data	gap	in	
the	figure.		
done	

-	Figure	7:	For	consistency	I	think	it	should	be	’hazel’	and	not	’hazelnut.’	done	

 

 
 
 



 
 

Anonymous	Referee	#2	 

Good	product.	See	small	list	of	corrections	and	questions	in	supplement.	 

Please	also	note	the	supplement	to	this	comment:	https://www.earth-syst-sci-data-
discuss.net/essd-2019-101/essd-2019-101-RC2-	supplement.pdf	 

Review	ESSD-2019-101,	Bern	phenology	data	set		

Thanks	to	authors	for	removing	data	access	barriers.	Data	now	downloads	easily,	looks	very	
clean.	Confirm	7414	data	records.		

	

Page	2	line	56:	“suggest	that	the	data	different	data	sources	are	complementary”	Something	
wrong	with	text	here.	You	mean	‘data	from	different	sources’	or	instead	‘the	different	data	
sources’?	corrected	

	

Page	4	line	109	(and	Figures	4	and	5):	daily	data	for	fog	and	snow	using	these	forms	but	those	
data	not	included	in	this	data	product?	A	bit	confusing	to	read	about	daily	winter	data	while	not	
knowing	how	or	where	archived	and	how	accessed.	Authors	do	not	need	to	show	those	data,	but	
if	they	take	the	trouble	to	mention	the	daily	observations	and	to	show	the	forms,	readers	should	
learn	at	least	how	to	access	those	data?		
We	rephrased	the	section	to	"All	original	observation	sheets	of	plant,	snow	and	fog	observations	
are	archived	at	the	University	of	Bern.	During	ongoing	data	rescue	a	large	fraction	has	been	
photographed.	To	date,	only	plant	observations	have	been	digitized	and	controlled	for	
publication."	

	

Page	4	line	121:	“Each	series	was	standardized”	What	does	‘standardized	mean	in	this	context?	
This	refers	to	the	assembly	of	stations	by	coordinates	into	a	shared	zip	code?	Or	this	means	that	
each	series	underwent	the	6	QC	steps	listed	soon	after?	Some	clarification,	s.v.p.		
Thanks	for	the	remark.	We	replaced	"Each	series	was	standardised."	with	"The	first	four	tests	
use	absolute	dates,	test	five	is	based	on	standardised	series	while	for	test	six,	for	a	given	year,	
the	standardised	dates	from	all	series	were	re-standardized."	Standartisation	always	refers	to	
the	time	series	at	an	observation	site	and	does	not	mean	the	assemblage	of	several	site	series	
into	one	combined	series.	

	

Page	5	line	130:	Again	this	word	“standardized”	now	referring	to	DoY	values.	“standardized	
dates	were	restandardized”.	What	does	this	mean?		
We	replaced	"restandardized"	with	"scaled"	to	clarify	the	retransformation	to	days	of	year.	

	



Page	6	line	178	to	182,	discussion	of	future	monitoring.	Note	the	word	“could’	on	line	178!	As	
observers	(and,	in	some	cases,	trees)	age	out	of	the	survey,	will	this	record	cease?	Figure	7	
suggests	that	those	other	networks	will	not	retain	the	high	spatial	resolution	of	the	Bern	data?		
We	added	more	information	about	the	question	raised	in	the	manuscript.	"In	the	future,	the	data	
series	could	be	continued	and	merged	with	citizen	science	data	and	platforms	such	as	
PhaenoNet	and	OpenNature	(Lehmann	et	al.	2018).	As	methodologies	evolved,	the	integration	of	
high	resolution	data	sets	in	space	are	more	easily	combined	with	longterm	data	as	the	BernClim	
observations."	

	

Line	179:	here	reader	finds	that	winter	data	awaits	analysis.	That	data	not	otherwise	available?	
Analysis	by	whom,	and	when	expected?		
There	are	no	specific	plans	nor	deadlines	foreseen	at	the	moment.	Please	see	the	answer	to	Page	
4	line	109	above	for	more	details.	

	

Line	180:	how	would	50%	blossom	data	prove	relevant	to	leaf	area	or	NDVI?	Do	the	authors	
have	specific	examples?	Not	clear	to	this	reviewer?	
We	added	the	following	changes	to	the	revised	manuscript.	"As	indicated	by	Rutishauser	et	al	
(2007)	and	Stöckli	et	al	(2008),	the	data	have	the	potential	to	locally	extend	satellite	data	back	to	
1970,	and	they	have	the	potential	to	study	biological	processes	on	the	local	level	with	
continuous	evidence	over	five	decades."	

	

Figure	1:	even	though	I	know	the	region,	the	various	subtle	greyscale	and	sizes	of	dots	on	a	grey	
background	confuse	this	reader.	Get	the	figure	in	colour,	or	change	some	symbol	shapes	
(diamonds,	stars)	to	better	distinguish	station	types?	Need	a	bold	outline	of	canton	Bern!	If	no	
page	charges,	and	therefore	no	colour	penalty,	why	not	use	a	color	background?	Many	exist.		
We	adapted	Figure	1	in	the	revised	manuscript.	

	

Figure	2:	this	reader	admires	observer	persistence	and	the	long	continuity	of	these	records.	But	
at	some	point	the	data	become	so	few	that	they	cease	to	provide	a	valid	spatial	representation.	
At	what	point?	I	believe	others	have	addressed	this	question	of	minimum	spatial	requirements?	
Thank	you	for	the	remark.	Minimum	spatial	requirements	with	respect	to	spatial	representation	
have	been	addressed	for	many	variables.	We	have	decided	not	to	perform	quantitative	analyses	
and	refer	to	the	in-depth	analyses	by	Güsewell	et	al	(2018)	for	the	Swiss	Phenology	Network	
SPN.	They	find	that	phenological	variation	across	Switzerland	is	determined	by	altitude,	large-
scale	spatial	trends	and	local	deviations	(e.g.	due	to	variation	among	individual	plants	and	
observation	error),	whereas	small-scale	spatial	dependence	(correlation	of	neighbouring	
stations)	is	weak.	Güsewell	et	al	state	that	the	number	of	stations	currently	included	in	the	SPN	
is	sufficient	for	precise	estimates	of	mean	onset	dates	of	each	phenophase,	of	long-term	trends	
and	of	responses	to	temperature	for	the	entire	country	and	for	three	altitudinal	layers.	Finally,	
Güsewell	et	al.	conclude	that	the	quality	of	the	responses	of	plant	phenology	to	climatic	factors	
and	to	predict	changes	associated	with	future	climate	warming	depend	critically	on	the	quality	
of	the	underlying	data.	
Güsewell	S,	Pietragalla	B,	Gehrig	R	and	Furrer	R:	2018,	Representativeness	of	stations	and	
reliability	of	data	in	the	Swiss	Phenology	Network,	Technical	Report	MeteoSwiss,	267,	100	pp.	
https://www.meteoschweiz.admin.ch/home/service-und-



publikationen/publikationen.subpage.html/de/data/publications/2018/6/representativeness-
of-stations-and-reliability-of-data-in-the-swiss-phenology-network.html	

	

Figure	6:	Presumably	the	bold	black	line	represents	these	data?	If	so,	designate	in	the	figure	
legend.	The	inhomogeneity	emerges	when	these	data	begin	to	show	consistent	later	DoY	date	
than	all	other	five	reference	sites?	The	authors	do	not	share	nor	propose	an	explanation	for	this	
inhomogeneity?	Because	I	find	location	Wyssachen	many	times	in	the	common	beech	data	
subset,	I	can	not	tell	whether	the	authors	flagged	and	removed	this	particular	time	series	or	
retained	it?		
We	adapted	the	figure	caption	as	the	reviewer	suggests.	Figure	6	is	shown	to	illustrate	the	
inhomogeneity	testing	in	the	present	study.	We	have	not	analysed	the	case	studies	with	respect	
to	explanations	for	each	inhomogeneity	arising.	

	

Figure	7:	the	colour	scale	shown	with	reference	to	circle	data	also	applies	to	diamonds?	If	so,	this	
figure	confirms	the	40-day	advancement	mentioned	on	page	5,	line	158?		
Yes.	Colour	scale	is	now	moved	within	the	figure	to	reduce	confusions.	As	pointed	out,	this	figure	
confirms	a	shift	of	more	than	one	month	for	hazel	flowering	within	the	past	50-year	period.	Note	
that	the	flowering	of	hazel	is	very	sensitive	to	temperature	forcing	.	Thus,	the	change	shown	in	
the	figure	not	only	shows	longterm	temperature	changes	but	also	interannual	variability.	
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Abstract. In 1970, the Institute of Geography of the University of Berne initiated the phenological observation network 

BernClim. Seasonality information from plants, fog and snow originally served for applications in urban and regional planning, 15 

agricultural and touristic suitability and are now a valuable data set for climate change impacts studies. Covering the growing 

season volunteer observers record the dates of key development stages of hazel (Coryllus avellana), dandelion (Taraxacum 

officinale), apple tree (Pyrus malus) and beech (Fagus sylvatica). All observations consist of detailed site information including 

location, altitude, exposition (aspect) and inclination that make BernClim unique in detail-richness on decadal time-scales. 

Quality control (QC) by experts and statistical analyses of the data has been performed to flag impossible dates, dates outside 20 

the biologically plausible range, repeated dates in the same year, stretches of consecutive identical dates, and statistically 

inconsistent dates (outliers in time or in space). Here, we report BernClim data of 7414 plant phenological observations from 

1970 to 2018 from 1304 sites at 110 stations, the QC procedure and selected applications. The QC points to a very good 

internal consistency (only 0.2% were flagged as internally inconsistent) and likely a high quality of the data. BernClim data 

indicate a trend towards an extended growing season. They also well track the regime shift in the late 1980s to pronounced 25 

earlier dates like numerous other phenological records across the Northern Hemisphere. 

 

Keywords: phenology, phenological observations, cherry, apple, dandelion, hazel, beech, snow, fog 

1 Introduction 

The seasonality of plants has been observed for centuries for tracking and documenting plant agricultural practices (Schnelle 30 

1955, Demarée and Rutishauser 2011, Rutishauser 2009, Pfister and White 2018, Jeanneret et al. 2018). Systematic 
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documentations started with the famous Kyoto cherry series as early as 801 AD (Aono and Kazui 2008). Phenological phases 35 

indicate growth cycle stages of annual and perennial plant life. The stages are closely linked to environmental drivers such as 

light, temperature and precipitation and are, thus, used as climate change impact indicators (Menzel et al 2006, IPCC 2013) or 

serve as proxy data in climate reconstructions (Rutishauser et al. 2008; Anderson et al. 2013, Ge et al., 2014). For instance, 

the inventory of climate monitoring series of the Swiss GCOS Office (MeteoSwiss 2018) lists phenological records. Peñuelas 

et al (2008) stressed the importance of phenological observations for climate feedback processes that can only be studied when 40 

ground observational data are available in a reasonable quality (Rutishauser et al. 2009). 

In Switzerland, the longest continuous phenologial series reach back to 1808 (Horse chestnut bud burst, Geneva) and 1894 

(Cherry flowering, Liestal; Defila and Clot 2001, Defila et al. 2016). In Europe, single observations are documented from the 

High Middle Ages onwards (Pfister and White 2018). Systematic collections started in the 18th century, e.g., several decades 

from 1760 onwards by the «Ökonomische Gesellschaft Bern» (Pfister 1999), and from 1869 to 1882 by the Forestry 45 

Department of the Canton of Bern (Vassella 1997). In 1951, the Swiss Phenology Network (SPN) has been initiated (Primault 

et al. 1957; Defila and Clot 2001; Studer et al. 2005; MeteoSwiss 2018). Today, SPN comprises 160 stations, distributed across 

various regions and elevations of Switzerland. Each year, observers record the dates of leaf unfolding (needle appearance), 

flowering, fruit ripening, leaf colouring and leaf fall for selected wild plants and crops. These observations cover 26 plant 

species and 69 phenophases (MeteoSwiss 2018, Auchmann et al. 2018).  50 

In 1969 and complementing the SPN, the BernClim phenological network was established by the late Bruno Messerli of the 

Institute of Geography, University of Bern (Messerli et al. 1978, Jeanneret and Rutishauser 2012). The aim was to provide a 

scientific basis for complex climate studies and spatial planning, specifically for determining agricultural and touristic 

suitability and assessing natural hazards. At higher spatial resolution and precision, the BernClim network systematically 

documented specific coordinates of observation sites, exposition (aspect) and inclination that were combined to stations. 55 

Quality control and assurance of phenological series have become increasingly important for newly generated data as well as 

archive observations. In Switzerland, efforts have been undertaken in a recent Swiss GCOS project (Auchmann et al. 2018). 

Data sets have been compiled for Europe within the Pan European Phenology Project PEP725 (www.pep725.eu, Menzel et 

al., 2006), and for the USA (e.g., Rosemartin et al. 2015). In addition, comparative analyses from networks and Citizen Science 

Projects suggest that different data sources are complementary depending on the research question. Most recent analyses 60 

showed that observations from Citizen Science Projects PhaenoNet and OpenNature complement the data from the 

professional network SPN qualitywise (Lehmann et al. 2018). Differences can be explained by the extent and uneven 

distribution of the spatial coverage. Near-realtime visualizations and comparisons can now be combined with archived 

observations back to 1951. 

In this paper we describe the plant phenological observations and quality control efforts of the BernClim data set for 65 

phenological and climatological analyses publicly available from PANGEAE (Rutishauser et al., 2019) and from the PEP-725 

database, which soon spans half a century. In Section 2, we provide background on the observation network and give an 
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overview of the data. Section 3 describes the results of the quality control. In Section 4 we then present selected results and 

draw conclusions in Section 5. 70 

2 Observation Network and Data 

The BernClim observation network focuses on the territory of the Canton of Bern (Switzerland, Figure 1). The Canton of Bern 

stretches across three major Swiss landscapes from the Jura mountains across Swiss Plateau to the Alps and spans an altitudinal 

range from 400 to 4000 m a.s.l.. Climate in the study region is determined by westerly, northwesterly and southwesterly winds 

(i.e., from the Atlantic Ocean) and the passage of weather systems. In summer, the Azores high is the dominant pressure 75 

system, alternating with westerly and northerly flow situations. Regional wind systems such as Föhn and the Bise may play an 

important role. Most areas receive an adequate amount of precipitation throughout the year.  

BernClim was initiated as a five-year research project funded by the Canton of Bern in 1969 and grew into a still ongoing 

observation programme coordinated by the University of Bern (Messerli et al. 1978, Jeanneret and Rutishauser 2012). 

Observations began in 1970. The main observation phase of the project lasted from 1970 to 1974 with the final report compiled 80 

by Messerli et al. (1978). A detailed overview, such as on how observers were located, trained and details on observation 

guidelines and site selection are given in Jeanneret & Rutishauser 2012.  

Following the success of the first phase, the project was continued with funding from diverse sources. Many observers 

continued and the network has been operated ever since by the Institute of Geography of the University of Bern, during the 

last 3 decades as a non-funded activity. Apart from serving spatial planning, the BernClim data have been used in education. 85 

While the number of observers has steadily decreased, five have remained to the present day. These long term series are today 

a valuable source of information also for science, particularly as there were only few observer changes throughout the network.  

To cover all four seasons, observation periods were divided into growing and resting periods. Plant phenology from early 

spring to late autumn documents summers. During winter, fog presence and duration and snow cover were observed daily from 

late autumn to early spring (Table 1).  90 

The definition of the plant phenological observations follows the official instructions of MeteoSwiss (Jeanneret 1971, Primault 

1957, Brügger and Vassella 2018). Overall, more than 200 volunteers were recruited for observing in 1971 through the teacher 

training program of the Institute of Geography. A large number of observers have a training in public school teaching or family 

doctors, and have a strong, intrinsic motivation for observing natural phenomena and processes. Data was submitted from 180 

stations in 1971 with station and site numbers decreasing since (Figure 2). The spatial representativity of stations strongly 95 

reflects population density. All volunteers were asked to select a number of locally representative sites (in the following 

“observation sites”) mostly in cultivated systems. A comprehensive overview of the BernClim network was published in 

Jeanneret and Rutishauser (2012). 

Phenological phases are defined by a morphological development phase of a plant that has to be reached as well as a 

quantitative threshold. The observation then is the date (day of year, DoY) when this threshold is crossed. For instance, for the 100 

case of apple trees, general flowering is reached when 50% of the blossoms are „open“. The definition of „open“ is 
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morphologically described in the observers instructions. Each plant and phenological phase was noted on a specific form 105 

(Figure 3). 

2.2 Data 

In this paper we describe 7414 quality controlled plant phenological observations from 1970 to 2018 (Rutishauser et al. 2019). 

Data were collected at sites between altitudes from 410 and 1700 m a.s.l. Reported plant species and phenological phases 

include the flowering of hazel (Coryllus avellana), dandelion (Taraxacum officinale) and apple trees (Pyrus malus), the leave 110 

colouring of beech (Fagus sylvatica). Each observation record contains the site information including a popular site name 

(toponym), coordinates, altitude, exposition and inclination. Several sites are combined to stations that are labeled with zip 

codes.  

The different phases of the network yield quite different numbers of observations. During the intensive initial phase of the 

network, around 123.500 data were collected. A large number of observations were single observations and were not quality 115 

checked for this study. The number of stations and observation sites gradually decreased from initially 76 and 448, respectively. 

Presently there are 5 stations and observers. Figure 2 shows the number of stations as time series. Although the number of 

stations decreased rapidly, even the current, very sparse network still has each of the three major landscapes represented. 

3. Raw Data and Quality Control 

The observers received standard forms to fill out and send back by regular mail. Figure 3 shows an example of a data sheet for 120 

plant phenophases. Figures 4 and 5 show the form used for snow and fog, respectively. All original observation sheets of plant, 

snow and fog observations are archived at the University of Bern. During ongoing data rescue a large fraction has been 

photographed. To date, only plant observations have been digitized and controlled for publication. 

The quality control (QC) process consisted of several steps. First, the raw data were read into a GIS for coordinate checking. 

Only wrong coordinates, altitudes or location names were corrected (see Kottmann 2008, for details). Except for very obvious 125 

errors, which were deleted, the observed dates were not changed. 

The second step consisted of an operational baseline QC, which was done by an expert in biology, plant physiology and 

phenology (Robert Brügger). This step included filling of data gaps from the original paper records and station history 

descriptions. During this procedure, observer changes were systematically recorded in station documentations including 

interviews with observers (unpublished data). 130 

The third step comprised an automated flagging routine similar to Auchmann et al (2018). This automatic quality control of 

the BernClim data consisted of six checks. For this purpose we formed „series“, which refers to all events of the same 

phenological phase at the same site (i.e., same coordinates). This means that there can be a large number of series per station 

and zip code. The first four tests use absolute dates, test five is based on standardised series while for test six, for a given year, 

the standardised dates from all series were re-standardized. The following flags were set: 135 
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Test 1: impossible dates (day of year above 366, below -366, or 0 are considered impossible) 

Test 2: dates outside of the range indicated by MeteoSwiss (personal communication, Tab. 2) 

Test 3: non-first dates (if several dates are found in the same year, all except the first were flagged) 

Test 4: four consecutive identical dates after removing non-first dates of the same year 

Test 5: dates outside of ±3 standard deviations (sd) of each series after removing non-first dates of the same year and 145 

only for series with a minimum length of 10 (41% of all values tested) 

Test 6: dates outside of ±3 standard deviations of all series for a given year after removing non-first dates of the same 

year and only for series with a minimum length of 10 and years with a minimum of 10 observations (40% of all values 

tested). For this test the standardised dates were restandardised across all stations for each year. 

The quality control found no impossible dates and no consecutive identical dates. Five dates (0.07%) were outside 3 sd per 150 

series and ten dates (0.13%) were outside 3 sd of all series in a given year. These are very low rates, which points to a good 

internal consistency and likely a good quality of the data. 

There are many „non-firsts“ (2.47%), for which the original documents sometimes provide explanations. Since these are 

deviations from the observation instructions, we flagged them nevertheless. Interestingly, we found a relatively high rate of 

dates outside the range given by MeteoSwiss, namely 3.56%. Of these, most (60%) concerned leaf colouring of beech and 155 

22.7% concerned the flowering of apple. The range given by MeteoSwiss refers to a 3 sd range per phase and altitude region. 

This means that for a normal distribution, 0.3% outliers are expected, however, we find ten times this amount. At the same 

time, only six are picked up by the other tests, which indicates that most of these outliers are consistent with the other 

observations both in space and time.  

The QC methods test for outliers and exceptionally wide distributions, but not for the opposite, too narrow distributions. Here, 160 

it is noteworthy that the data set has only one hazel flowering event before the start of the year, whereas we might expect this 

to occur more frequently.   

Long series (>= 20 years) were checked for temporal inhomogeneities (caused, e.g., by a change of observed plant) following 

the method described in Auchmann et al. (2018). In short, 3 different statistical tests are applied to each phenological series 

and the agreement between the tests determines the significance of an inhomogeneity (significant when at least 2 tests agree 165 

on an inhomogeneity). At least 3 correlated reference series are required to run the tests: this requirement limits the number of 

tested series to 51 (out of 56 long series). Only one series was found significantly inhomogeneous (Fig. 6). 

In summary, BernClim data are expert data and subject to uncertainties. These depend on the observability of the phenomena 

and the speed of the development. Spring phases are typically relatively clearly defined (±1 days), whereas the autumn phases 

have larger uncertainties (typically ±3.5 days, see Brügger 1998). 170 
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4. Analyses 

Figure 7 shows the day of year of hazel flowering in the BernClim network in 1971 (172 observations) and in 2017 (16 

observations). The figure is supplemented with data from the Swiss Pheonological network SPN as well as from two Citizen 

Science projects, OpenNature and Phaenonet for 2017 (www.OpenNature.ch, www.PhaenoNet.ch). For the BernClim data, 180 

observations from the same station are joined graphically. Contiguous diamonds thus show the variation within one station 
across different observation sites, which may be larger than those on a regional scale. Note that flowering occurred ca. 40 days 

earlier in the year 2017 as compared to 1971. 

Several series cover more than 40 years. As an example for a long time series, Figure 8 shows the start of blossom of the Apple 

tree from 9 sites at Wyssachen. The series clearly show a trend towards earlier flowering dates over the observation period. 185 

The series also shows a shift in the late 1980s. This shift is well documented in many other series (see also Reid et al. 2013). 

It is also found in European or even Northern Hemispheric spring snow cover (Brönnimann 2015). A change in late winter 

temperature around the late 1980s, albeit smaller than in observations, is also found in forced atmospheric model simulations, 

implying that part of this change was due to an overlap of forcing factors such as greenhouse gases, sea-surface temperatures 

(El Niño 1986/7, La Niña 1988/9), volcanic eruptions, and other effects (Brönnimann et al. 2006). The BernClim Data can 190 

thus help to better analyse this step-wise climatic and ecological change. 

5. Data availability  

The data presented and described in this paper are available in the data repository PANGAEA: 

https://doi.org/10.1594/PANGAEA.900103 (Rutishauser et al. 2019) 

6. Conclusions 195 

A plant phenological data set spanning almost 50 years is published as a data set on PANGEAE. Subsequently the data will 

be added to the PEP725 data and also available from the Geoportal of the Canton of Berne. The series were quality controlled. 

It should be noted that BernClim-Data are expert data and subject to uncertainties. Quality control procedures were performed 

to flag uncertain observations.  

Although the number of stations decreased rapidly after the initial phase of the network, five long-term series remained which 200 

allow a 50-year view with almost no observer changes. Despite the sparseness, they still cover spatial variability of climatically 

relevant plant development stages of four species in three typical climate zones of Switzerland. Inhomogeneity tests suggest 

that stepwise changes are rarely driven by observational artifacts such as changes in observers, definitions or station changes, 

revealing a strong consistency within long time series that underline the quality of the data. In the future, the data series could 

be continued and merged with citizen science data and platforms such as PhaenoNet and OpenNature (Lehmann et al. 2018). 205 
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As methodologies evolved, the integration of high resolution data sets in space are more easily combinded with longterm data 210 

as the BernClim observations.  

This paper only describes the phenological data. The rich (daily) winter data remain to be explored further. BernClim data may 

help to constrain further relevant indices such as leaf area or NDVI on a small scale. As indicated by Rutishauser et al (2007) 

and Stöckli et al (2008), the data have the potential to locally extend satellite data back to 1970, and they have the potential to 

study biological processes on the local level with continuous evidence over five decades. 215 
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Tables 

Table 1: Complete BernClim observation programme. General flowering (also defined as full flowering) refers to 

the development stage when 50% of the blossoms are „open“. 320 

Summer observations Winter observations 

Plant phenology Snow and fog 

hazel (Coryllus avellane, general flowering, 

pollen release) 

dandelion (Taraxacum officinale, general 

flowering) 

apple trees (Pyrus malus, general flowering)  

beech (Fagus sylvatica, leave colouring) 

Number of days with snow cover  

Number of days with fog  

(visibility 0-200 m /200-1000 m),  

Time of fog clearing  

Additional observations 

date of wheat harvest (Triticum vulgare). 

larch (Larix decidua, needle coloring),  

coltsfoot (Tussilago farfara, general 

flowering)  

red elder (Sambucus racemosa, general 

flowering) 

rowan (Sorbus aucuparia, ripe fruits) 

potato (Solanum tuberosum, planting, general 

flowering, the end of harvest) 

 

 Comment 

daily, 07.00-08:00 local time 

 

Table 2: Plant specific, biological limits in days of year (DoY) with respect to five altitude ranges (MeteoSwiss, 

personal communication) 

Altitude <500m asl 500-799 m   800-999 m   1000-1199m >1200 m 

hat gelöscht: Days 
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Phases min max min max min max min max min max 

Hazel, flowering -20 110 0 120 0 120 20 120 30 130 

Dandelion, flowering 80 130 90 150 90 150 100 150 100 170 

Apple tree, flowering 90 140 90 160 100 160 110 160 120 160 

Beech, leaf colouring 250 310 250 310 240 310 240 300 230 300 

 

 

 

Figure 1. Map of the BernClim stations as well as stations of the Swiss Phenological Network SPN (adapted from 

Jeanneret and Rutishauser 2012). 330 
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Figure 2. Development of the number of stations in BernClim since 1970 (updated from Jeanneret and Rutishauser 

2012). 

 335 

Figure 3. Example of an observation sheet for plant phenological phases (Jeanneret and Rutishauser 2012). 
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Figure 4. Example of an observation sheet for snow (Jeanneret and Rutishauser 2012). 
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 Figure 5. Example of an observation sheet for fog (Jeanneret and Rutishauser 2012). 340 
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Figure 6. Inhomogeneous series for the leaf colouring of the beech in Wyssachen- Oeseliwaeldli (bold black line). The 

coloured lines represent 5 other series of the leaf colouring of beech (reference series) in other parts of the community of 

Wyssachen. The leaf colouring in the inhomogeneous series occurs on average about 3 days later than expected after the year 345 

2000 (red vertical line). 

 

 

Figure 7. General flowering of hazel in BernClim (diamonds) and SPN (circle) data in 1971 (left) and 2017 (right). 

The right figure also shows data from two Citizen Science Projects PhaenoNet (triangle) and OpenNature (squares) 350 

(updated from Lehmann et al. 2018). 
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Figure 8. BernClim apple flowering dates from nine sites (grey lines) of station Wyssachen (710 to 760 m a.s.l.) 355 

Black lines and circle denote station mean dates. 


