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Question 

Why bother looking 
at “inferior” 
reanalyses products? 



Motivation 

1. To know how much complexity we need to 
get to a reasonable result 

2. To assess how valuable their information is 
for decadal and centennial studies 

3. To investigate peculiar climate features 
which are beyond the range of other 
products 
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Question 

Why bother looking 
at snow over northern 
Eurasia? 



Motivation 

1. Generally, snow is an important component 
of the climate system 

2. Northern Eurasia is a key player in the 
“warm Arctic – cold continent” theory 

3.  Important dynamic links were found 
between sea ice reduction and Siberian 
snow fall /depth increase 

4. Eurasian snow depth is important for the 
evolution of late winter / spring NH pressure 
patterns 
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How to validate 

Validation of complex variables such as snow 
depth is challenging, especially beyond 1950 

Typical challenges: 
 - length of timeseries 
 - missing values 
 - homogeneity  
 - spatial distribution of observations 
 - independency 
 - station relocation / metadata 
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Menu 

1. Comparison of 4 long term and 2 short term 
reanalyses with in-situ snow depth over 
Russia -> ca. 1900 - 2010, daily  

 
2. Comparison of 1 long term and 4 short term 

reanalyses with in-situ snow depth and in-
situ albedo over Russia -> 2000 - 2013, daily 

3. Quick summary of major findings 
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CHAPTER 
01 

Long-term: 
Snow depth 

Wegmann, Orsolini,  Dutra, Bulygina, Sterin, Brönnimann 2017:  
Eurasian snow depth in long-term climate reanalysis. Cryosphere 

	



Dataset overview 
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Reanalysis Assimilated 
data 

Assimilation 
type 

Time 
covered 

ERA-Interim surface, upper 
air, satellite 

4D-var 1979-
present 

ERA-Interim 
land 

Nudged to 
ERAI 
atmosphere 

1979-
present 

ERA20C Surface 
pressure and 
marine winds 

4D-var 1900-2010 

ERA20C land Nudged to 
ERAI20C 
atmosphere 

1900-2010 

20CRv2 Surface 
pressure 

Ens. Kalman 
filter 

1871-2012 

20CRv2c Surface 
pressure 

Ens. Kalman 
filter 

1851-2014 



Dataset overview 

1. Over 800 Russian meteorological stations 
with in-situ snow depth measurements (most 
complete ca. 1960 – 1990). 13 which cover 
(more or less) the 20th century. Daily 
resolution. Stake measurements 

 
We decided to focus on autumn (ON, first 
snow fall) and spring (A, melt season) since 
both processes are probably most challenging 
for the reanalyses 

Chapter 1: Introduction  10 / 31 



Dataset overview 
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Climatology 1981 - 2010 
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Anomalies 1996 – 2010 wrt 1981 - 1995 
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Dataset overview 
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Dataset overview 
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Nearest grid analysis, daily res. 
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Nearest grid analysis, daily res. 

Chapter 1: Introduction  17 / 31 

20CRv2 ERA20C ERAINTL_d

0.
2

0.
4

0.
6

0.
8

0.
0

0.
2

0.
4

0.
6

0.
8

0.
2

0.
4

0.
6

0.
8

20CRv2 20CRv2c ERA20C ERA20CL

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
5

0.
6

0.
7

0.
8

0.
55

0.
60

0.
65

0.
70

0.
75

20CRv2 20CRv2c ERA20C ERA20CL

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
4

0.
5

0.
6

0.
7

20CRv2
20CRv2c
ERA20C
ERA20CL
ERAINTL d
ERAINTL e

Apr Oct Nov

R
R

R

c)

b)

a)

0.8	

0.8	

0.2	

0.2	



Centennial snow depth evolution 
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Field averaged snow depth over (50°-150° E, 60-75° N) 
Each point is a 30 year climatology wrt 1981-2010  
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Centennial snow depth evolution 
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Field averaged snow depth over all station locations 
Each point is a 30 year climatology wrt 1981-2010  
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Centennial snow depth evolution 
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Field averaged SLP over (50°-150° E, 60-75° N) 
Each point is a 30 year climatology wrt 1981-2010  
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Centennial snow depth evolution 
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Field averaged t2m over (50°-150° E, 60-75° N) 
Each point is a 30 year climatology wrt 1981-2010  
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CHAPTER 
02 

Short term: 
Snow depth and albedo 



Dataset overview 

Chapter 1: Introduction  23 / 31 

Reanalysis Assimilated 
data 

Assimilation 
type 

Time 
covered 

ERA-Interim surface, upper 
air, satellite 

4D-var 1979-
present 

JRA55 surface, upper 
air, satellite 

4D-var 
 

1955-
present 

MERRA surface, upper 
air, satellite 

3D-var + IAU 1979-
present 

MERRA2 surface, upper 
air, satellite 

3D-var + IAU 
 

1979-
present 

20CRv2c Surface 
pressure 

Ens. Kalman 
filter 

1851-2014 



Dataset overview 

1. Over 800 Russian meteorological stations 
with in-situ snow depth measurements. 13 
which cover (more or less) the 20th century. 
Daily resolution. Stake measurements 

2. 65 Russian meteorological stations with in-
situ radiation measurements for 2000-2013. 
Daily resolution.  

3. 47 combined stations 
  
We decided to focus on spring (MAMJ) to 
investigate snow albedo feedbacks 
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Dataset overview 
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Dataset overview 
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Dataset overview 
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Nearest grid analysis, daily res., MAMJ 
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Nearest grid analysis, daily res., MAMJ 
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b)a)

Albedo Snow Depth
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radiation = 0.32+0.01 snow//with R^2 of 0.815

Nearest grid analysis, daily res., MAMJ 
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Surface albedo feedback 
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CHAPTER 
03 

Summary 



TAKE HOME 
MESSAGE 

1.  Snow in 20CR (much) too high 
2.  Snow depth correlation good 
3.  Diverging snow climates 
4.  Albedo variability bad 
5.  Relationship albedo snow bad in 20CR 
6.  Albedo over 100% snow prob. too low 
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20CRv2	downscaled	with	WRF	
to	2km	over	the	Alpes	
	
Stucki	et	al.	2015	

Foehn	15	Feb	1925	



Topography and reanalyses 

Chapter 1: Introduction  

ERA20C	downscaled	with	WRF	
to	2km	over	the	Alpes	
	
Brugnara	et	al.	2016	

Precip	13	Dec	1916	 Snow	depth	13	Dec	1916	

7

analyzed together with documentary information on the real-
world weather.

The results for December 1916 suggest that reliable high-resolution 
reconstructions can be achieved even with sparse surface data. 

Combined with detailed historical analyses, they allow insight into an 
event that is not only historically relevant, but still very much present 
today. Such analyses result in precious information for numerous 
applications that include attribution; impact analysis; risk assessment; 
and societal resilience, responses, and perception.
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Fig. 4: Results from the dynamical downscaling of ERA-20C. (a) Total precipitation on 13 Dec 1916 (defined as the 24 hours until 
0700 UTC 14 Dec 1916) with mean freezing level (m) indicated by the gray lines. Circles represent observations obtained from public 
datasets25 or digitized by the authors and red crosses locate documented major avalanches on 13 Dec 1916. (b) Change in snow 
depth between 5 and 13 Dec 1916 (at 0700 UTC) with circles representing observations from the network of the Austro-Hungarian 
hydrographic office26. The military front line in 1916 is also shown (red dotted line). (c) Hourly air temperature between 1 and 15 
Dec 1916 observed at Sonnblick Observatory (the highest manned weather station in the world at that time) compared with the 
simulation (temperature at station altitude was extrapolated from the two closest model levels). The position of Sonnblick Observa-
tory is marked in (a) by the red triangle.

Photo 6: Remnants of a trench at Monte Piana.Photo 5: Howitzer aiming at Val Rimbianco, Three Peaks, Dolo-
mites.



PERSONAL 
MESSAGE 

Apply for a Swiss NSF PostDoc (Feb. 2018) 
-  Money to go to non-swiss institutions 
-  Travel, work and living for ca. 2 years 
-  Just need a host (table, seat  + internet) 
-  And a good research idea 
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Discussion	

Westerly	–	easterly		QBO	in	JJA	
U	wind	

14	volcanic	eruptions,	JJA	
U	wind	
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Giorgetta	et	al.	1999	
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Giorgetta	et	al.	1999	


