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1 Introduction

Following the presentation of a document on 'Snow analygighe 42nd Session (in October 2010) of the
ECMWF’s Technical Advisory CommitteeDpcument ECMWF/TAC/42-10-1)2 the Committee "supported
the proposal that Member States and Co-operating Statestigate and improve the availability of routine
snow-depth observations from their country”.

Since 20 December 2010 ECMWEF receive new snow depth data $waden from more than 300 ground
stations. This new data is provided once per day with an gagen time at 06:00 UTC, in addition to SYNOP
data. It is provided within the 14 hours cut-off time for thelayed cut-off analysis (in which the 06:00 UTC
snow analysis is conducted). A new BUFR (Binary Universaii-tor the Representation of Meteorological
data) file template has been developed at ECMWF to encodadtisonal data. The BUFR file is more simple
that the one used for SYNOP data as it contains only snow dsdgstbrvations. A new BUFR message subtype
has been defined with a value of 28, it is used for the additismaw data (instead of subtype 1 for SYNOP
data).

In this memorandum we propose a change in operations inratta Forecasting System (IFS) cycle 36r4 to

implement the use of the additional snow data in operatiensoan as possible. Since the new snow data
is a new observation subtype, substantial modification® wecessary to implement data in the assimilation
system. The modifications in IFS cycle 36r4 are briefly désctiand results of early delivery data analysis

experiments, conducted at operational resolution, arsepted.

2 |IFS cycle 36r4 modifications and experiments

The additional snow depth data received from Sweden hasdaedimuously encoded in a new BUFR template
specifically designed for additional snow depth data. Neswsdata BUFR files are archived in near real time
on the ECMWEF File Storage system, ECFS, in ec:/emos/CNOW.



Two analysis experiments have been conducted, to test thand the impact of the new snow depth data
provided by Sweden, on the snow analysis and on the forecast.

e Experiment fi28 is the control experiment. Its snow analysiss SYNOP snow depth data and NESDIS
snow cover information, as in operations (branch dag36R4 name of branch is the default cycle
36r4 branch).

e Experiment fi29 is the test experiment. Its snow analysis @8E8NOP data and NESDIS, as well as new
snow depth data from Sweden (da&pY36R4_fix _use news now).

The two experiments were conducted using the latest veo$idrs 36r4 (merged with dalfCY36R4_osuite on

17 March 2011), at high resolution (T1279) and in early dglvmode, ie similar to the operational assimilation
suite. The initial date of the two experiments is 21 Decen#fd0. Both experiments use initial conditions
from operations. The first 4D-Var cycle is bit identical irettwo experiments, as expected since snow analysis
modifications only start to affect the upper air analysisrfithe second cycle.

In order to activate the use of the additional snow depthidate analysis, substantial changes were necessary
in the Fortran code, both for the BUFR to ODB (Observationsal®ase) conversion, and for the use of the
new data type in the analysis (new type of data using non-Wh@obs codes and adaptation to the absence of
T2m with the report). The branch da@Y36RA4 fix _use news now, used for the experiment fi29, includes
modifications that enable to activate the use of the new srepthddata. The following routines have been
modified:

odb: bufr2odb/bufr2odbisnow.F90 (new routine) and tools/Bufr2odb.F90

ssa: sub/fg2obs.F90 sub/oiupd.F90 sub/redundd#.F90 sub/scartma odb.F90

scripts: gen/fetchobs.

3 Results

Figurel shows snow analysis and available snow depth observatinfg danuary 2011 for the control exper-
iment, on the top panel, and for the test experiment on thetmopanel. This presence of snow depth reports
on the maps shows that the additional number of observatiees Sweden is considerable. New snow data
cover the entire area of Sweden, providing highly relevaftrmation for the snow depth analysis. Therefore,
after 18 days of using additional snow depth data in Swedhenstiow depth analysis is significantly modified
in the test experiment fi29 (bottom panel) compared to thérabexperiment fi28 (top panel). Figugshows
the difference of snow depth analysis between the two exyets. Using the new snow data leads to larger
values of snow depth in Sweden in the analysis, in bettereageat with ground observations.

Figure 3 shows T2m forecast error (experiment forecast verifiedregjaperational analysis) difference be-

tween the experiment fi29 using the new data and the contpararent fi28 which do not use the new data
from Sweden. This figure shows that using the additional newsdata leads to slightly decrease T2m fore-
cast errors (green values) at steps 36 and 48. This inditeteasing more snow data in Sweden has a slightly
positive impact on T2m forecast.

Figures4 and5 show the impact of using the new snow depth data provided yd8won the general forecast
scores, measured by the 500 hPa geopotential. It showdlthatigh the impact is important in terms of snow
depth in Sweden, it only has an insignificant but positiveaatmn the general forecast performance.
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4 Conclusion

In 2010 the ECMWF TAC recommended the Member States to inepifoe availability of routine snow depth
observations. Following this recommendation, Sweden kas Iproviding ECMWF with near real time new
snow depth data, since 20 December 2010. Data from more Ot@gt8tions is provided at 06:00 UTC every
day in near real time.

To enable the use of the new snow depth data a new BUFR tenimateeen specifically defined and new
snow data acquisition has been set up in Operations Deparah&CMWF. The IFS 36r4 has been modified
and developed by the Research Department to enable thatamtiof the use of the new data in the analysis.

The impact of using the new snow depth data in Sweden on asa#ysl the forecasts is presented in this mem-
orandum, based on high resolution analysis experimembdlasito operations. Snow depth analysis and T2m
forecast are improved when the new snow depth data from Swisdesed. Impact on the 500hPa geopotential
height forecast scores is positive, but not significant.sEhesults show that using additional snow depth data
in Sweden provides valuable information which has an oleritive impact on surface parameter analyses
and forecasts. Implementing changes in operations in lE& &6r4 to activate the use of the new data in the
analysis will enable to use of the new data from Spring 201fie planned date for implementation of this
change to the operational suite is Tuesday 29 March 2011.

Sweden is the first Member State to provide additional snawthddata. The positive results obtained with
new Swedish snow depth data confirms the importance of infmgyahe availability of routine snow depth
information from the Member States.
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Figure 1: Snow depth (cm) Analysis at 06:00 UTC on 07 Janu@id/12in the control operational-like experiment (fi28,
top panel) using SYNOP data only, and in the test experinfi@dt pottom panel) using additional snow data provided by
Sweden since 20 December 2010. The two experiments starZb@ecember 2010. Numbers indicate values of snow
depth (cm) observations available to the analysis.
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SNOW Depth and SYNOP data in cm (fi29) 20110107 at 6UTC
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Figure 2: Difference in snow depth (cm) analysis at 06:00 UdrC07 January 2011 between the test experiment (fi29)
using additional snow data and the control experiment (fizg8hg SYNOP data only.
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Figure 3: Impact of using the new snow depth data from Swedeamalysis of 2 meter temperature: difference of T2m
forecast errors at steps 36 and 48 (experiment forecast sroperational analysis), between the test experiment using
data (fi29) and the control experiment fi28. It shows the imp&asing more snow data on T2m forecast. Green values
on the bottom panel show areas where T2m forecast error isced when the new snow depth data is used compared to
the control which do not use the new snow depth data in Sweden.
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Figure 4: Impact of using the new snow data on the 500hPa geafial height forecasts scores for Europe (top panel),
North Hemisphere (middle panel) and South Hemispheredbopanel).
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Figure 5: Same as Figuré, but for North America (top panel), East Asia (middle pamel)l North Pacific(bottom panel).

8 ECMWF



	1 Introduction
	2 IFS cycle 36r4 modifications and experiments
	3 Results
	4 Conclusion

