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Precipitation and Snow Definitions

Precipitation — Any product of the condensation of atmospheric water vapour which
Is deposited on the earth’s surface is a type of precipitation.

Rainfall — the accumulated depth of liquid precipitation over a horizontal unit area
between observing periods.

Snowfall — the accumulated depth of freshly fallen snow over a horizontal unit area
between observing periods.

Total Precipitation — the sum of the accumulated depths of the water equivalent of all
precipitation over a horizontal unit area between observing periods.

Snow Caover — The net accumulation of snow on the ground resulting from solid
precipitation deposited as snowfall, ice pellets, hoar frost and glaze ice, and water
from rainfall, much of which subsequently has frozen.

Water Equivalent of Snow Cover (SWE) — Vertical depth of a water layer which would
be obtained by melting a snow cover.

Snow Depth (Snow on the Ground) — The total depth of solid precipitation on the
ground at the time of observation. The vertical distance between the surface of a
snow layer and the ground, the layer being assumed to be evenly spread over the
ground which it covers.

Snow survey - The depth of snowpack, water equivalent (SWE) and snow density,
averaged over a Snow course.



In-situ Measurement of Precipitation and Snow Cover

Instrument  giandard = Tipping All Weather Sonic

_ Rain Bucket Nipher Auto Depth Snow
Variable Gauge Rain Gauge Gauge Gauge Ruler Sensor | Course
Rainfall X X X
Rate of Rainfall XX
Fresh fallen
snow X X
Total
Precipitation X X X X X
Depth of Snow
on Ground X X
Snow Cover
(SWE) X

X=manual

X=autostation




Application Requirements for Precipitation Data

RISV AMOUNT | SPATIAL | TEMPORAL
APPLICATION TYPE | TIMING |AMOUNT| ACCURACY COVERAGE|HOMOGENEITY
AVIATION FORECASTS 1 1 2 3 2 3
GENERAL PUBLIC 1 1 2 3 2 3

FLOOD FORECASTING

ENGINEERING

RESEARCH

MANUAL OBS

AUTOSTATION

1 = very important
2 =important

3 =less important

Bad



THE WMO SOLID PRECIPITATION

MEASUREMENT INTERCOMPARISON
Study Objectives

The goal of the intercomparison was to assess national methods of
measuring solid precipitation against methods whose accuracy and
reliability were known, including past and current procedures,
automated systems and new methods of observation. The
Intercomparison was especially designed to:

— Determine wind related errors in national methods of measuring solid
precipitation, including consideration of wetting and evaporative losses;

— Derive standard methods for adjusting solid precipitation measurements;
and

— Introduce a reference method of solid precipitation measurement for
general use to calibrate any type of precipitation gauge.



Sources of Measurement Errors

Systematic errors for manual catchment-type gauge:

* WIND (temperature)

 wetting loss
 evaporation loss
* NON-zero trace

 capping of gauge orifice
* blowing snow



WMO Solid Precipitation Measurement Intercomparison
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Measuring freshly fallen snowfall with Show Boards

k“‘?“"?"“i‘,if!fiii?THEifﬁ?i&ﬁiﬁiﬁ?ﬁm

Weaverboard 2000

-

for use as an Observer’s aid

.
Original 10cm snowfall is 10mm precipitation



WMO Double Fence International Reference
for Solid Precipitation




WMO Intercomparison Study Results

Catch Efficiency vs Wind for the 4 most widely used gauges

120

—=— Canadian Nipher —— NWS 8" Alter
—o—NWS 8" unsh —— Hellmann unsh

100 I —+—Tretyakov

[e0)
o
I
T

US NWS 8 inch Gauge

~
o
Il

N
o
I
T

Ratio of gauge catch to the DFIR (%)
|
|
|
|

o

o
—
N
w
=l
ol
o
~
oo
©

Wind speed at gauge height (m/s)



Wind flow effects on gauges

Shapes of precipitation gauge body. The number 1 indicates
the shape having the worst aerodynamic properties and the
number 6 having the best ones. Arrows show the streamlines
and the dashed lines the trajectories of precipitation particles.



Need for adjustments
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Precipitation Amount (% of adjusted DFIR)

20 T

adjusted Belfort Belfort Belfort

Nipher Belfort

DFIR Nipher unshielded unshielded Alter shielded Nipher shielded DFIR shielded

Types of Precipitation Gauges & Shields

Mean annual accumulated winter precipitation > 3.0 mm, of different gauge
types and shielding as a percentage of DFIR (adjusted for catch deficiency) at
the Canadian Evaluation Station at Kortright Centre, Ontario from 1987-1991.



Challenges for auto QA/QC
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WMO Study: Timing and catch differences of Belfort Gauges at Kortright, Ontario Feb. 19-20/1988

Environnement Canada

Environment Canada

Direction de la recherche climatologique

Weteorological Service of Canada Service météorologigue du Canada

Climate Research Branch




Hall Beach A — Total Precipitation Manned vs Weighing Gauges

millimetres

Hall Beach A 1995 - 2000
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Bratt’s Lake Geonor Intercomparison

 Project objective: develop and refine wind under-catch
relationships for the Geonor all-weather precip gauge,
Incorporating new technologies such as the POSS
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Bratt's Lake: Winter 2003/04

Ratio of gauge catch to the DFIR (%)

High resolution precip
occurrence and typing to e
be used to refine wind L e
correction relationships

Craig Smith

Environment Canada Environnement Canada
* Weteorological Service of Canada Service météorologigue du Canada
Climate Research Branch Direction de la recherche climatologique




Development of Bias-Corrected Precipitation

Database and Climatology for the Arctic Regions
(NSF project, 2003-2006)

Daging Yang, Douglas L. Kane
Water and Environment Research Center
University of Alaska Fairbanks

David R. Legates
Department of Geography
University of Delaware

Research Goals _
Evaluate the accuracy of precipitation measurements in the Arctic regions.

Implement a consistent bias-correction method over the pan-Arctic, i.e. Alaska,
northern Canada, Siberia, northern Europe, Greenland, and the Arctic Ocean.

Develop biased-corrected and compatible precipitation database (including grid
products) and climatology for the Arctic regions as a whole.

http://www.uaf.edu/water/faculty/yang/bcp/index.htm



Annual precipitation (mm)
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Mean Gauge-Measured (Pm) and Bias-Corrected (Pc)

Precipitation, and Correction Factor (CF) for January
Yang et al., 2005, GRL
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» Total 4827 stations located north of 45N, with data records longer-than 15 years during 1973-2004.
» Similar Pm and Pc patterns — corrections did not significantly change the spatial distribution.

» CF pattern is different from the Pm and Pc patterns, very high CF along the coasts of the Arctic Ocean.




Impact of Bias-Corrections on Precip Trend
Pm & Pc Trend Comparison, Selected Stations with Data > 25 Yrs during 1973-04
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2 m air temperature (in °C)
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Probability of solid and
liquid precipitation as
function of air temperature
and humidtity

derived from SYNOP data

Fuchs, T., J. Rapp, F. Rubel and B.
Rudolf (2001)
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Precipitation phases in GTS-SYNOP data of January 1999
Determination of phases using the GPCC scheme; Region: WMO RA VI
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Daily precipitation totals at synoptic stations

Statistics of correlation of precipitation phase,
air temperature and air hurmidity
{Fuchs et. al., 2001)

liquid prec solid prec mixed prec

Correction algorithims for the systematic gauge
measurement error {(wind, evaporation, wetting)
of national gauges based on a statistical cor-
rection model {(Rubel and Hantel, 1999) using
the synoptic reported variabhles: RR, RR24,
vi0m, T, Td and gauge parameters.

liquid solid mixed
COIT Prec COIT prec COIT prec

Corrected daily precipitation totals
at synoptic stations

Gridding using Ordinary Block Kriging

GPCC's data processing
scheme for SYNOP reports:

o Separation of liquid,
mixed and solid phase
using wwW,W,or T and Td

e Correction using a wind
speed reduced from v10m.

e Calculation of corrected
daily precipitation totals.



Classical information provided on the grid:

GPCC First Guess 1.0 degree
precipitation for December 2005 in mm/month

GPCC First Guess 1.0 degree
precipitation anomaly for December 2005 in mm/month
{deviation from normals 61,/90) (arid based)
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GPCC First Guess 1.0 degree
number of stations per grid for December 2005

High resolution gridded global
precipitation normals are also
Available.



GPCP Monthly Mean Precipitation Rate {mm /day)
Time: 1/2005
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Precipitation Biases: ERA-40, NCEP-1 and GPCP
Mean Bias 1979 t0 1993
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New GPCC products based on synoptic data

fraction of liquid precipitation fraction of solid precipitation
for December 2005 in % per month for January 2008 in % per month

90N
%dﬁ? P S
- ’.;f . “_1.-1\..__‘_‘___
e T et £ e O P

FU Y N /{f
- L ‘H,;f

30N

28]

30E

B

B0S

ipitation (%)= _fraction“ef solid precipitation (%)=

E 120E 180

905
]

E 1206 180 160 120W GO o

1 R By 5 an 1 R By 5 an
absolute gauge measuring error relative gauge measuring error
for December ~ 2005 in mm/month for December 2005 in % per month

605

| absolute e

180 120W i
- r=




7, .
"’Kepcc

Deutscher Wetterdienst

Mean percentual correction for all SYNOP precipitation
based on GPCC's new correction method

Precipitation Correction (%)

20

Precipitation cormrection with regard to systematic
gauge-measuring error for the LBA area

10 +

—— GPOC (1996)
GPCC (1887)
—— | erates

LBA area
mean = ca 4%
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Precipitation Correction (%)

Precipitation correction with regard to systematic
gauge-measuring error for the BALTEX area

60E
50%
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BALTEX area
mean = ca 25%

1 = GPCC (1096)

] == Legates

GPCC (1897)
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Comparison of monthly percentual corrections in % of observed data
derived from daily corrections for the years 1996 and 1997
and long-term mean monthly corrections after Legates 1987

(Ungersbock et al. 2001)
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Climate Data Homogenization
Recommendations / Part 1

Homogenization

Climate data need to be assessed for homogeneity before being
used for climate change studies.

Network-wide problems should be addressed first.
Adjustments should be made with caution to avoid “over-adjusting”
the data.

Detailed documentation of the homogenization procedures and
adjustments should be available to all users.

Metadata

Existence and access to metadata by the research community is
absolutely essential for proper climate data homogenization.

Digitized metadata should be updated on regular basis.

There is a need to provide standards, collect and archive metadata
from other climate observing agencies



IPWG/GPM/GRP Workshop on Global Microwave
Modeling and Retrieval of Snowfall October 11-13,
2005

High priority recommendations:

Modelling

Encourage the generation of community CRM/NWP model profile databases
that represent natural variability.

Intensification of data assimilation studies for the inclusion of precipitation
observations in NWP analysis systems

Establishment of modeling chain

Development of high-latitude surface emissivity products (10-200 GHz)

New technology:

The development and further refinement of inexpensive ground-based remote
sensing instruments for snowfall should be encouraged (e.g. POSS)

The use of combined active and passive satellite data for snowfall
detection/retrieval should be further encouraged.

New passive microwave instruments and new channel combinations need to be
studied.



IPWG/GPM/GRP Workshop on Global Microwave
Modeling and Retrieval of Snowfall

Validation:

* High level coordination of international GV programs for snowfall (e.g.,
through GPM, GEWEX, IPWG) is urgently needed to advance the
current state of snowfall retrievals.

 Dedicated validation

* Long term surface based measurements must continue to insure long
term continuity for climate assessment and monitoring.



WCRP Workshop Fairbanks
Issues, Gaps and Challenges

Adjustment of measured precipitation across national boundaries,
collaboratively among nations

Comparison of adjustment approaches for different applications
Error analysis of adjusted products

Adjustment of measured precipitation on a global scale. VValidation? Role for
GPCC.

Determining precipitation for mountainous regions and ice sheets, e.g.
Antarctica. Measured and modelled?

Evaluate the validity of the bias correction procedures for the polar regions.
WCRP (CIiC) sponsored intercomparisons?

Development of on-line metadata



WCRP Workshop Fairbanks
Issues, Gaps and Challenges

Determination of precipitation amount and type in data sparse regions in a
changing climate

Automation of precipitation measurements (instruments, errors, adjustment,
archiving, GTS data, etc)

Development of gridded, regional precipitation products (scale of RCM,
hydrological model) for validation of climate model simulations and for
Initializing distributed hydrological model

Development of integrated (*“fused’) precipitation products from in-situ,
satellite, radar, models

Human resource capacity, especially for measurement issues
Ability of GPM to “measure” solid precipitation

What can we do for determining precipitation in polar regions for the IPY
(March 1 2007-March 1 2009)

What do modellers need to validate precipitation in cold climate regions; can
gauge data be confidently used in data assimilation?



Decrease the UNCERTAINTY in Solid Precipitation:
Correction for past/present data and future monitoring. (1)
Integrated study from space and land.

Observation at
Tiksi, Barrow
and/or others

Snow Particle

(1) Verification of remote sensing.

(2) New precipitaion data-set for high
altitude.




now Cover Information -- In-Situ vs Satellite

Snow cover/snow fall observing networks

m 1582 (in SIS - 1557 ) snow depthisnow fall observing stations

. B 34(in 515 - 28) snow survey sites

SSM/1 Data Coverage — 1 day

; 4
Atrnospheric Monitaring and Water Survey Directorate : .
Meteorological Service of Canada x5
Environment Canada 0 400 km .
10423/2001 ",

SEF 25 - F13

MSC Networks - Snow Cover




What Is Representative?




The challenge of measurement and modelling
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Snow Cover Characteristics:

Snow cover structure is complex and highly variable in time and space
Variability depends on many factors:
= The “parent” weather, their nature and frequency
= The weather conditions during the periods between storms—affects
metamorphism, ablation and redeposition of snowpack
= Surface topography, physiography, and vegetative cover
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Edmonton Snow Depth Intercomparison




Snow Depth Spatial Variability and Fixed-Point
Measurements

Edmonton International Airport
open landscape

* see a high degree of spatial variability even over a short
distance (3 to 300m)

* of six temporary and a fixed station SR50, and manual
ruler measurements, none are statistically similar to each
other

40 -

Test Auto A (SR50)
Test Auto B

Test Auto C

Test Auto D

Test Auto E

Test Auto F

Station Auto

Station Manual (ruler)

30 1

20 1

Depth (cm)

10 1

Oct Feb Jun Oct Feb Jun

Challenges:

*to provide the best quality measurements to the
research community

*for the research community to recognise these
issues when using the data (e.g. comparisons
with spaceborne data)
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BERMS Snow

Survey




Frequency

Snow Depth Spatial Variability and Fixed-Point
Measurements
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Snow depth surveys from a variety of landscapes in
the southern boreal forest of Saskatchewan, mid-
March 2003.

Results are shown as frequency histograms, with
depth along the x-axis.

Automated, continuous, fixed-point depth
measurements (e.g. SR50) are used to monitor
changes in snow depth at a site, but are often
restricted to installation near towers or other
structures.

Snow depth is a spatially heterogeneous variable, so
it is important to question how well fixed-point
measurements represent the spatial variability.

Comparing the fixed-point depth measurements
(clearing = solid blue vertical lines, subcanopy =
broken blue)) with the snow survey means (red)
indicates under- and over-representation of the
landscape mean at various sites, and good
representation at others.

How can this information be used to make the best
use of fixed-point depth measurements?



Snow Depth Spatial Variability and Fixed-Point
Measurements
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Where there are sufficient snow surveys

available, able to find a simple linear

relationship between fixed-point and

landscape mean depths, allowing for
“correction” of the point measurements.

2002 Harvest
1994 Harvest
1975 Harvest
Jack Pine
Black Spruce
Aspen

Fen

1989 Fire
1998 Fire

Minimum Sample Size
|_\
o

0

O 10 20 30 40 50 60

Difference from Survey Mean (percent)
Where there are no snow surveys available or where
such data collection is too labour- or time- intensive,
how many fixed-point measurements would be

needed to adequately represent the landscape
mean?

For the boreal forest sites, find that five point
measurements (when appropriately installed) will
represent the landscape mean within 30%.



Scaling of the crysophere — a problem in cold climate
regions

Arciic snowpacks. are veryseterogeneous aue o .boff
mIcro. fopograpriy (elevaiion, aspeci and s/ope) and
redistribution by wind couplea wiin. larger: fopograpnic
features and vegetation. The challenge is fo quantify
fhe snowpack aistribution over a large watershed , a
region, or a grid.
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Snowpack Water Equivalent (cm)
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Airborne Passive Microwave Data
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Boreal Forest SWE Scaling

»AMSR and SSM/I derived

SWE retrievals (MSC
coniferous algorithm) fall
into center of normally
distributed in situ
measurements.

» AMSR SWE retrievals
tend to be ~ 10 mm lower
than SSM/I.

» Airborne passive
microwave SWE retrievals
capture the full range of in
situ measurements.
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Canada - Challenges for SWE
Determination

CANADA
Relief

large country with diverse climates and
landscapes (e.g. topography, vegetation
COVer)

lack of conventional measurements for
validation in remote areas (e.g. north)

spatial variability in snow cover
characteristics

no single passive microwave SWE
algorithm will be applicable for all
areas

< regional approach to algorithm
development






Motivation — Wang et al. (2005) [Rem. Sens. Env., 95, 453—463]

“NOAA weekly dataset consistently overestimated snow
cover extent during the spring melt period, with delays of up
to 4 weeks in melt onset”

Comparison of weekly snow cover maps derived from AVHRR and
NOAA for weeks 23-25 in the spring of 1997



Current Passive Microwave Capabilities in Tundra Areas
SWE Snow Extent/Melt Timing
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>Greater utility in identifying event related ASWE » Snow extent during melt agrees well with optical data

Wang et al., Remote Sens. Environ. In press.



Spring SCD corelation-distance decay by region
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NOAA Visible Satellite Products

2R, . .
Snow Chart: Jan. 29-Feb. 4 2006 IMS Product: Eeb. 1 2006
(Rutgers University Global Snow Laboratory) (NOAA/NESDIS)
* presence/absence of snow based on 50% - presence/absence of snow based on 50% threshold
coverage threshold _ « daily, 25 km resolution . %
» weekly, 190.5 km resolution . available 2000 - present : T, -

 available 1967 - present T






SeaWinds Scatterometer on QuikSCAT

b

» Operates at Ku-band frequency
(13.4GHz)

» Constant incidence angles: 46° for H-
pol, 54 ° for V-pol

» Original Resolution: ~7 x 25 km
» Available from July 1999 — present.

» Due to wide swath and orbit geometry,
QSCAT observes the polar regions
multiple times each day, allowing
reconstruction of surface backscatter at
finer spatial resolution

»Dynamic threshold method developed by
Wang et al. (2005) for high Arctic ice caps [ seN

—0—Arg
was modified for terrestrial snowmelt signal EM& 00-255-255 &

: : BYU Egg-based SIR product on 4.45km *
»Spring SCD estimated from snowmelt 4.45 km grid

onset by applying an empirically-derived . G
hich ts the ti f Wang, L., M. Sharp, B. Rivard, S. Marshall, and'D. Burgess.
COnSigRE /e represen S the time Tfrom 2005. Melt season duration on Canadian Arctic ice caps, 2000-

melt onset to disappearance 2004. Geophysical Research Letters, 32,
doi:10.1029/2005GL023962.
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Regional SWE Products for Research and Operational
Applications
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Mackenzie Basin
- MAGS research on snow cover
variations, RCM evaluation

Canadian Prairies
-Q/veekly maps produced and sent to users (federal, provincial
agencies, private industry) who have a requirement for regular
monitoring of snow cover in western Canada

(State of Canadian Cryosphere)

- available to public on

Manitoba — Red River
watershed

- specialized maps sent
to provincial water
resource agencies
focussed on priority river
basins for forecasting
spring runoff and flood
risk

Snare River Basin — NWT

- maps for hydro companies
(e.g. NWT Power Corp.) in
support of planning
hydroelectric power
operations




@ Comparison of AMSR-E and SSM/l SWE
Products (CRB SWE Algorithm)

2o | [ et e |
i NO DATR IO

SSM/I SWE - MSC SWE algorithm\
q

»>Spatial patterns
of SWE are
similar

>More detailed
information with
higher resolution
AMSR-E

SSMII AMSR-E




Field Validation:
2005 Results
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Snow Water Equivalent from
SSM/I data
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Current Snow Depth Conditions
(Minimum, Maximum, Mean, Mean +-1sd, Current)

HAY RIVER A

W Current Snowy on the Ground (cm) 2002-2003 Snow Season
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Compare current
SWE with previous
observations

SWE (mim)
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Snow Water Equivalent
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Networks and Lessons Learned

automation is a major challenge

networks aren’t sexy... hard to attract the investment needed to keep
current networks operating — long term monitoring costs should not be
under estimated, including decommissioning

Funding is often short term — data monitoring is long term

Who should operate monitoring networks — operational agencies who
have the mandate — eg WMO members

don’t underestimate the resources needed to maintain an effective
national data archive

unless data and information are easy to obtain (e.g. online free access)
and have well-documented meta-data, the huge investment in
observing systems iIs being wasted

avoid custom solutions to data management; open source is the way
to go.

Partnerships in operating provide significant opportunities in a
northern environment
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