The Representation of Precipitation
Characteristics in High Resolution WRF
Simulations over Western Canada

Andre R. Erler!  Brian Menounos?

aquanty

LAquanty Inc.

2University of Northern British Columbia, Canada

June 12t" 2019

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.aquanty.com
http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

__Intro Overview Summer Precip SnowAcc. Summary [
Outline

Introduction
Western Canada: Orographic Precipitation

General Overview
Temperature Bias / Lapse-rate

Summer Precipitation (and Resolution)
Snow Accumulation at Elevation

Conclusion

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Outline

Introduction
Western Canada: Orographic Precipitation

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Western Canada M«

OVGI’VIeW Topography [km] and Domain Outlines

High-resolution WRF
Simulations over Western
Canada at 7km and 1 km
for 5 (water-)years

Simulated Years:

> 2010/11

> 2011/12

> 2012/13

> 2013/14 . n - - — —
> 2014/15 Outer WRF domain at 7 km,

and inner WRF domain at 1 km
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Intro Western Canada

Motivation: Glacier
Mass Balance
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Field k

Brian Menounos’ group at UNBC conducts
fieldwork and mass balance modeling on

glaciers in the Columbia mountains — we
run WRF to drive mass-balance models

Ben Pelto on Kokanee Glacier

”
Andre R. Erler (aerler@aquanty.com)

High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Western Canada Model Setup

Western Canada: Orographic Precipitation

Precipitation Climatology (PRISM & GPCC)
General precipitation pattern

Merged Observations

Combined data from PRISM
(1km) and GPCC (0.25°)

» Very high precipitation in the
Coast Mountains

> Interior Plateau and the lee of
the Rockies are very dry

Annual average precipitation over
Western Canada (Merged Dataset)
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Western Canada Model Setup

Western Canada: Orographic Precipitation

Precipitation Climatology (PRISM & GPCC)
General precipitation pattern

Merged Observations

Combined data from PRISM
(1km) and GPCC (0.25°)

» Very high precipitation in the
Coast Mountains

> Interior Plateau and the lee of
the Rockies are very dry

0 4 8 12 16

> Precipitation gradient stronger

Annual average precipitation over in winter, weaker in summer

Western Canada (Merged Dataset)
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n Canada Model Setup

WRF Model and
Domain Setup

» WRF-ARW 3.6.1

> Noah-MP (CLASS snow),

RRTMG radiation, —————
Thompson MP,

Grell-3 cumulus (at 7 km), Outer WRF domain at 7 km

MYNN3 PBL
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Nestern Canada Model Setup

WRF Model and
Domain Setup

Terrain Height [km]

WRF Domains

» 7km Western Canada

» 1km Columbia/Rocky
Mountains

» WRF-ARW 3.6.1

> Noah-MP (CLASS snow),
RRTMG radiation,
Thompson MP,
Grell-3 cumulus (at 7 km), Outer WRF domain at 7 km
MYNN3 PBL and Inner domain at 1km
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Overview Outer Domain Temperature Elevation Bias
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General Overview
Temperature Bias / Lapse-rate

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Overview

Outer Domain Temperature Elevation Bias

Seasonal Precipitation Pattern at 7 km

Precipitation [mm/day]

Spring Summer

55°N

45°N

Fall Winter

55°N

45°N

120°wW 110°wW 130°wW 120°wW
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Outer Domain
®  Precipitation Pattern
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14
> Very high precip at
12 Coast Mountains
" » and drier downwind
of mountains
-8
6
4
2
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110°wW
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Overview Outer Domain Temperature Elevation Bias

Seasonal Precipitation Pattern at 7 km

Precipitation Fractions [%] w.r.t. Merged Observations
Spring Summer

Quter Domain

' Precipitation Bias
75
> Very high precip at
50 Coast Mountains
. » and drier downwind
of mountains
[° » But orographic
| s precip is too low
and rain shadow too
. weak
» Summer precip is
7 far too low
R - -10¢
0 400 800 e
130°W 120°W 110° 130°W 120°W 110°
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Overview

er Domain

Seasonal Precipitation Patterns at 1 km

Inner Domain
Precipitation Pattern S4°N

Precipitation [mm/day]
Spring Summer

Winter

12W 120°W 118°W 116°W 114°W122°W 120°W 118°W 116°W 114°W
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Overview

Outer Domain Temperature Elev

Seasonal Precipitation Patterns at 1 km

Precipitation Fractions [%] w.r.t. Merged Observations

Inner Domain

Precipitation Bias 54°N
> Summer is too dry, 52°N
Spring too wet ‘

> Winter shows
pronounced N-S

dipole

ion Bias

Spring Summer

50°N

54°N

52°N

50°N

122°W 120°W 111
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Overview Outer Domain Temperature Elevation Bias

Seasonal Precipitation Patterns at 1 km

Precipitation Fractions [%] w.r.t. Merged Observations

Inner Domain ‘ Spring ‘ Summer 100
Precipitation Bias SN
75
> Summer is too dry, 52°N
Spring too wet ‘ [
» Winter shows o 2
pronounced N-S =3 '
dipole Fall Winter
F-25
Observations
Reference period is 50
1970-2000,  which
may influence spa- 78
tial patterns due to »
PDO, NPO, etc.
122°W 120°W 118°W 116°W 114°W122°W 120°W 118°W 116°W 114°W
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Overview Outer Domain Temperature Elevation Bias

Temperature Bias (at 1 km; annual average)

Annual 2 m Temperature [K] Outer Domain
By | Precipitation Pattern

54°N |

» N-S gradient, but
dominated by
elevation

K7

IS
122°wW 120°wW 118°wW 116°wW
< 1 -
255 264 272 281 290
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Overview Outer Domain Temperature Elevation Bias

Temperature Bias (at 1 km; annual average)

2m Temperature Bias [K] w.r.t. Merged Obs. Outer Domain
Precipitation Bias

» N-S gradient, but
dominated by
elevation

> Biases strongly
associated with
valleys and peaks

H 100 200 H
122°wW 120°w 118°w 116°W 114°wW
-6.0 -3.0 0.0 3.0 6.0
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Overview Outer Domain Temperature Elevation Bias

Temperature Bias (at 1 km; annual average)

2m Temperature Bias [K] w.r.t. Merged Obs. Outer Domain
Precipitation Bias

» N-S gradient, but
dominated by
elevation

> Biases strongly
associated with
valleys and peaks

Potentially missing in-
versions and PBL pro-
cesses at higher peaks

122w 120°W 118°W 116°W oW — or Observations?
-6.0 3.0 0.0 3.0 6.0
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Overview Elevation Bias

Temperature Bias vs. Elevation

Temperature Bias vs. Elevation
WREF Bias w.r.t. Merged Obs. (Annual)

Lapse-rate Bias

> Valleys are too warm,
peaks too cold

» Pattern is similar in
winter and summer

» But much less
pronounced in outer
domain

Elevation [km]

B L S S
2m Temperature Bias [K]

Temperature bias vs. elevation
(WRF inner domain vs. Merged Obs.)
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Overview Elevation Bias

Temperature Bias vs. Elevation

Temperature Bias vs. Elevation
WREF Bias w.r.t. Merged Obs. (Annual)

Lapse-rate Bias

> Valleys are too warm,
peaks too cold

» Pattern is similar in
winter and summer

» But much less
pronounced in outer
domain

Elevation [km]

Linear Bias

00+
-8 -6 -4 -2 0 2 4 6 8

2m Temperature Bias [K] elevation may work very
well: ~ 4.5K/km

Linear bias-correction by

Temperature bias vs. elevation
(WRF inner domain vs. Merged Obs.)

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Summer Precip Summer Precip. Convection? Added Value
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Summer Precipitation (and Resolution)
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Summer Precip Summer Precip.

Summer Precipitation (Inner Domain)

Inner Domain Summer Precipitation [mm/day]
Summer Precip.

54°N
> Inner domain (1km)
is a bit dry...

52°N

50°N

122°w 120°w 118°w 116°W 114°wW
0 4 8 12 16
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Summer Precip Summer Precip.

Summer Precipitation (Inner Domain)

Outer Domain Summer Precipitation [mm/day]
Summer Precip.

> Inner domain (1km)
is a bit dry...

> ... but outer domain
(7 km) is even drier

122°w 120°w 118°w 116°W 114°wW

0 4 8 12 16
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Summer Precip Summer Precip.

Summer Precipitation (Inner Domain)

; Summer Precipitation Fractions [%] w.r.t. Merged Obs.
Outer Domain

Summer Bias
54°N }-ee.....

> Inner domain (1km)
is a bit dry...

» ... but outer domain

(7 km) is even drier 2N

> Something is
missing here...

50°N |-

Convection?

Could this be missing
convection? (We have a
convection scheme...)

200

122°w 120°w 118°w 116°W 114°wW

- ‘ T
-100 -50 0 50 100
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Frequency of Exceedance

0.05 -

0.10 -

Summer Precip

Summer Precip. Convection? Added Value

Convection? Analysis of Precipitation Intensity

Precipitation Intensity (Summer)

0.2

WRF 7km
=@= WRF 1km

! —
1.0 10.0 20.0
Precipitation Threshold [mm/day]

Frequency of threshold exceedance

for inner and outer domain
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Frequency of heavy
precip. (Summer)

> Heavy precip events

much more frequent in
inner domain (x4)
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Summer Precip Summer Precip. Convection? Added Value

Convection? Analysis of Precipitation Intensity

Precipitation Intensity (Summer) Contribution of heavy
WRF T precip. (Summer)

WRF 1km

N

> Heavy precip events
much more frequent in
inner domain (x4)

o

o
®

» ... and they do count!

o
o

Contributed Precipitation [mm/day]

o
o

0.0 - ' '
10.0 20.0

OIZ 1.0
Precipitation Threshold [mm/day]

Contribution of precipitation
exceeding the given threshold
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Summer Precip

Summer Precip. Convection? Added Value

Convection? Analysis of Precipitation Intensity

Precipitation Intensity (Winter)

o o o - =
Y Y ® o N

Contributed Precipitation [mm/day]

o
o

0.0 - ' 0
0.2 1.0 10.0
Precipitation Threshold [mm/day]

Contribution of threshold
exceedance in winter
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Contribution of heavy
precip. (Winter)

WRF 7km
WRF 1km

> Heavy precip events
much more frequent in
inner domain (x4)

» ... and they do count!

> Likely not due to
grid-scale precip

20.0
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Summer Precip Summer Precip. Convection? Added Value

Convection? Analysis of Precipitation Intensity

Precipitation Intensity (Summer) Contribution of heavy
WRF T precip. (Summer)

WRF 1km

N

> Heavy precip events
much more frequent in
inner domain (x4)

o

o
®

» ... and they do count!

o
o

> Likely not due to
grid-scale precip

Contributed Precipitation [mm/day]

o
o

Convection?

Could be convection,
but why are extremes
in winter higher?

0.0 - ' 0 0
0.2 1.0 10.0 20.0
Precipitation Threshold [mm/day]

Contribution of precipitation

exceeding the given threshold
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Summer Precip Summer Preci “onvection? Added Value

Clear Added Value of Resolution for Convection!

Summer Maximum Cumulus Precip. (1h) [mm/day] Summer Maximum Grid-scale Precip. (1h) [mm/day]

122°w 120°wW 118°wW 116°W 114°wW 122°w 120°w 118°w 116°wW 114°w

0 50 100 150 200 0 300 600 900 1200

Maximum hourly accumulation per month: convective precip for
outer domain (left) and grid-scale for inner domain (right).
Note different scales — inner domain is 6x higher!
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Summer Precip

Clear Added Value of Resolution for Convection!

Summer Maximum Cumulus Precip. (1h) [mm/day] Summer Maximum Grid-scale Precip. (1h) [mm/day]

120°wW 118°w 116°wW 114°wW

0 300 600 900 1200

Maximum hourly accumulation per month: convective precip for
outer domain (left) and grid-scale for inner domain (right).
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Snow Acc. SnoDAS  Snow Bias By Elevation

Outline

Snow Accumulation at Elevation
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Snow Acc.

By Elevation

SnoDAS — Snow Data Assimilation System

Annual SWE [kg/m?]

120°W 118°W 116°W 114°w

0 75 150 225 300

Annual average snow (SWE) over
the Columbia Mountains

Andre R. Erler (aerler@aquanty.com)

Annual average distribution
of Snow Water Equivalent

Snow Data Assimilation Sys-
tem at 1 km and daily; assim-
ilates SNOTEL observations

» Clear increase with elevation
» Lower SWE in Prairies
» |n western Canada since 2010,

only up to 54°N
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Snow Acc. Snow Biases

Snow/SWE Representation in 1 km WRF Simulations

Inner Domain Annual SWE [kg/m?]
Average SWE

» More structure in
1km WRF

52°N

50°N [

122°w 120°w 118°w 116°W 114°wW

0 75 150 225 300
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow/SWE Representation in 1 km WRF Simulations

Inner Domain Annual SWE Fractions [%] w.r.t. SnoDAS

SWE Biases

54°N | R R N T, A—

» More structure in
1km WRF

> Biases correlate

. . 52°N
with elevation

50°N 5 ¢ AARE A

Assimilation

Assimilation may be
smoothing snow field in
SnODAS’ redUCIng ver- 122°wW 120°wW 118°wW 116°W 111;°W

tical gradients - ] g

-90 -45 0 45 90
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow/SWE Representation in 1 km WRF Simulations

H nnua ractions [%] w.r.t. Sno
Outer Domain Annual SWE Fractions [%] SnoDAS

SWE Biases

» More structure in
1km WRF

> Biases correlate
with elevation

» Biases in outer
domain smoother

Assimilation

Assimilation may be
smoothing snow field in
SnODAS’ redUCIng ver- 122:°W 120°wW 118°wW 116°W 111;°W

tical gradients - ] g

-90 -45 0 45 90
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SnoDAS S 3ias! By Elevation

Snow Accumulation (SWE) vs. Elevation

Histogram of Elevation Elevation Distribution
33 T at 1km & 7 km

B WRF 1km

w
°

y

» OQOuter domain
concentrates around
1,000-2,000 m

» Tops out at 2,600 m

N
«

N
o

Elevation [km]

o

o
o

o5 .
o
o
o

04 06 08 1o All datasets were interpolated
f El i
Frequency of Elevation to inner WRF domain grid and
Distribution of grid points by elevation for then aggregated by elevation.

inner and outer WRF domain
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SnoDAS S 3ias! By Elevation

Snow Accumulation (SWE) vs. Elevation

Histogram of Elevation Elevation Distribution
33 T at 1km & 7 km

B WRF 1km

w
°

y

» OQOuter domain
concentrates around
1,000-2,000 m

» Tops out at 2,600 m

N
«

N
o

Elevation [km]

? How does this affect
snow accumulation and

o

. snow melt?
*00 o2 o o6 os Lo All datasets were interpolated
F f El ti . . .
feduency o Fevation to inner WRF domain grid and
Distribution of grid points by elevation for then aggregated by elevation.

inner and outer WRF domain
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow Accumulation (SWE) vs. Elevation

Snow Distribution (SWE) by Elevation (Annual) SWE VS. E|evation
e e (Columbia Mountains)
= \WWRF 1km
3.0 - SnoDAS

» OQOuter domain and
NRCan dataset have no
snow above 2,600 m

> SnoDAS has higher
1s- SWE at low elevation

Elevation [km]

i DCI'OO DOIZS DOISO DC;75 OlIOO 01‘25 OlISD 01I75
Snow Amount (SWE) Contribution [kg/m?3]

Annual average SWE distribution by
elevation for WRF, SnoDAS & NRCan

Andre R. Erler (aerler@aquanty.com) High Resolution WRF Simulations over Western Canada


http://www.physics.utoronto.ca/~aerler/
mailto:aerler@aquanty.com

Snow Acc. SnoDAS Snow Biases By Elevation

Snow Accumulation (SWE) vs. Elevation

Snow Distribution (SWE) by Elevation (Annual) SWE VS. E|evati0n
e e (Columbia Mountains)
= \WWRF 1km
3.0 - SnoDAS

» OQOuter domain and
NRCan dataset have no
snow above 2,600 m

> SnoDAS has higher
1s- SWE at low elevation

Elevation [km]

) » WREF at 1km is quite
close to SnoDAS, ...

> ... but places more

T0000 0025 0050 0075 0100 0125 0150 0175 snow at hlgh elevation
Snow Amount (SWE) Contribution [kg/m?3]

Annual average SWE distribution by
elevation for WRF, SnoDAS & NRCan
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow Accumulation (SWE) vs. Elevation

Snow Distribution (SWE) by Elevation (Annual) SWE VS. E|evati0n
e e (Columbia Mountains)
= \WWRF 1km
3.0 - SnoDAS

» OQOuter domain and
NRCan dataset have no
snow above 2,600 m

> SnoDAS has higher
1s- SWE at low elevation

Elevation [km]

) » WREF at 1km is quite
/ close to SnoDAS, ...

> ... but places more

T0000 0025 0050 0075 0100 0125 0150 0175 snow at hlgh elevation
Snow Amount (SWE) Contribution [kg/m?3]

ias?
Annual average SWE distribution by — Temperature Bias’

elevation for WRF, SnoDAS & NRCan
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow Modeling B o] [
using WRF Tors ~

e
N
&

£

Marzieh Mortezapour, Brian £

Menounos' PhD student at E
UNBC, is working on: g b3 ] Claciertur

g

H

e
o
S

Redfish-Creek

1. Downscaling WRF (1km)
and NLDAS to 30 m over os
four BC glaciers

0.0
10/1/2015 11/20/2015 1/9/2016 2/28/2016 4/18/2016 10172015 11/202015 1/9/2016 2/28/2016 4/18/2016
. 08S WRFout ~ ==: SM_WRF  —-- SM_NLDAS - ALP_WRF ALP_NLDAS

2. Simulating accumulation
and melt using two snow
models (2010-2016)
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Snow Acc. SnoDAS Snow Biases By Elevation

Snow Modeling KE e
USlng WRF 20.15
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Marzieh Mortezapour, Brian £

Menounos' PhD student at E
UNBC, is working on: g b3 ] Claciertur

g
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Redfish-Creek

1. Downscaling WRF (1km)
and NLDAS to 30 m over os
four BC glaciers

0.0
10/1/2015 11/20/2015 1/9/2016 2/28/2016 4/18/2016 10172015 11/202015 1/9/2016 2/28/2016 4/18/2016
. 08S WRFout ~ ==: SM_WRF  —-- SM_NLDAS - ALP_WRF ALP_NLDAS

2. Simulating accumulation
and melt using two snow
models (2010-2016)

3. Climate change impact
simulations based on
existing 10 km WRF
projections are planned
(Erler & Peltier 2017)
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Snow Acc.

SnoDAS  Snow ses By Elevation

Snow Modeling
using WRF

Marzieh Mortezapour, Brian
Menounos' PhD student at
UNBC, is working on:

1. Downscaling WRF (1km)
and NLDAS to 30 m over
four BC glaciers

2. Simulating accumulation
and melt using two snow
models (2010-2016)

3. Climate change impact
simulations based on
existing 10 km WRF
projections are planned
(Erler & Peltier 2017)
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Azure-River East-Creek

1.5 Glacier NMF Redfish-Creek
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. 08S WRFout ~ ==: SM_WRF  —-- SM_NLDAS - ALP_WRF ALP_NLDAS

Mortezapour et al. (in preperation)

Marzieh Mortezapour is currently prepar-
ing a manuscript comparing snow model-
ing results using WRF and NLDAS forcing
for 2013/14 and 2015/16
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Summary of Results

WRF 1km

> 5-year, 1 km WRF simulations over
Western Canada / Rockies

> Precipitation at first rain barrier is
consistently underestimated

> Temperature / Lapse-rate bias
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Precipitation Intensity (Summer)

Summary of Results

WRF 1km

> 5-year, 1 km WRF simulations over
Western Canada / Rockies

> Precipitation at first rain barrier is
consistently underestimated

> Temperature / Lapse-rate bias

The Added Value of High Resolution o

> Summer-time (orographic)
convection is much better Summer Precipitation Intensity

captured (not perfect, though)
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» Snow accumulation at elevation is
quite well captured (similar but a
bit higher than SnoDAS)
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Precipitation Intensity (Summer)

Summary of Results

WRF 1km

> 5-year, 1 km WRF simulations over
Western Canada / Rockies

> Precipitation at first rain barrier is
consistently underestimated

> Temperature / Lapse-rate bias

The Added Value of High Resolution o

> Summer-time (orographic)
convection is much better Summer Precipitation Intensity

captured (not perfect, though)
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) - > High-res WRF can be
> Snow accumulation at elevation is used to drive snow /-

quite well captured (similar but a mass-balance model
bit higher than SnoDAS)
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