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14 Prairie stations: 1953-2011
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Ecodistrict crop data since 1955
Albedo data (MODIS: 250m, after 2000)




Prairie Station Locations

Station Name ISDtation Province Latitude Longitude | Elevation (m)
Red Deer* 3025480 | Alberta 52.18 -113.62 905
Calgary* 3031093 | Alberta 51.11 -114.02 1084
Lethbridget 3033880 | Alberta 49.63 -112.80 929
Medicine Hat 3034480 | Alberta 50.02 -110.72 717
Grande Prairie* 3072920 | Alberta 55.18 -118.89 669
Regina*® 4016560 | Saskatchewan | 50.43 -104.67 578
Moose Jaw 4015320 | Saskatchewan | 50.33 -105.55 577
Estevan* 4012400 | Saskatchewan | 49.22 -102.97 581
Swift Currentt 4028040 | Saskatchewan | 50.3 -107.68 817
Prince Albert* 4056240 | Saskatchewan | 53.22 -105.67 428
Saskatoon* 4057120 | Saskatchewan | 52.17 -106.72 504
Portage-Southport 5012320 | Manitoba 49.9 -98.27 270
Winnipeg*t 5023222 | Manitoba 49.82 -97.23 239
The Pas*t 5052880 | Manitoba 53.97 -101.1 270




Outline

e Clouds and Diurnal Cycle over seasons
— Betts et al (2013a)

 Annual crops and seasonal diurnal cycle
— Betts et al (2013b)

e Winter snow transitions and climate
— Betts et al (2014)

Available at http://alanbetts.com
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Methods: Analyze Coupled System

Seasonal diurnal climate by station/region
220,000 days of excellent data (600+ years)

Composite by daily mean opaque cloud
— Calibrate SWCF, LWCF against radiation data
* [Sub-stratify by RH]
Change of seasonal climate with cropping
— Summerfallow to annual crops on 5MHa in 30 yrs
— Comparison with ERA-Interim grid-box
— Drydown after precipitation events

Composite across snow transitions
— First snow in fall; spring melt of snhowpack
— Winter climate and % snow cover



Clouds and Diurnal Climate

 Reduce hourly data to

— daily means: T_...,, RH, .., etc
— dataatT_ _, and T,
e Diurnal cycle climate
*DTR = Tmax'Tmin (Tx'Tn)

« ARH=RH:T, - RH:T_

 Almost no missing data (until recent
government cutbacks!)



Compare Neighbors: 64 km
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Clouds to Summer Diurnal Cycle

40-yr climate
T and RH are

inverse

Q has double
maximum for
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{ Regina SK >\ Clear | gg
Cloud Impacts ;i 2\ |,
22 H|— —2%% [

« Summer: Clouds § n =i TN [ -
reflect sunlight TR NN
— no cloud, hot days; only "% e

slightly cooler at night "1 Y~ ™ |

e Winter: Clouds are - s
greenhouse *® TRegina sk - 20

-8 | DJF 1954-1993 Cloudy

— snow reflects low sun

— clear & dry sky, cold e

days, very cold nights < -

e Fast transition with
snow in 5 days
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Annual Cycle: T_..,T..., DTR, Precip
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Annual Cycle: RH and ARH

« Warm state:

April — Oct

 Cold state:

Dec — Feb

e Transitions:

Nov, Mar

T, = 0°C

e Transition

— In <5 days
with snow
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Prairie Warm Season Climate
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Surface Radiation Budget

* Rnet = SWnet + I-Wnet
= (Swdn B SWup) + (Lwdn - I-Wup)
« SWCF =SW,_, - SW_ (clear)

Fit clear days or calculate

Define Effective Cloud Albedo
« ECA =-SWCF/SW_ (clear)

e SW, ..=(1-a,)(1-ECA) SW_ (clear)
Reflected by surface, clouds
MODIS Calibrate Opaque Cloud data



ECA

Calibration of Opaque Cloud to
ECA (Effective Cloud Albedo)
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 Tight relationship: ECA to Opaque Cloud
« NDJF a little flatter
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MJJA: ECA =0.0681 + 0.0293 Cloud + 0.00428 Cloud?

Gives SW, ., from SW, (clear) and albedo a,
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SO-MA: LW, = -91.5 +4.43 Cloud +0.267 Cloud?
MJJA: LW, =-100.1 +4.73 Cloud +0.317 Cloud?



Diurnal Temperature Range

 Daytime Driver:

RnetD

* Nighttime driver:
I-Wnet
(Betts JGR 2006)
e Fully coupled
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Annual crops and seasonal
diurnal cycle

o Ecodistrict crop data since 1955

— Ecodistricts mapped to soils
— Typical scale: 2000 km?2(500-7000)

« Ecozones
— boreal plains ecozone
— semiarid/subumid prairie regional zones

o Shift from ‘Summerfallow’ (no crops) to
annual cropping on 5 MHa (11 M acres)

— Large increase In transpiration: Jun-Jul



14 Prairie stations: 1953-2011
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Ecodistrict crop data since 1955
Albedo data (MODIS: 250m, after 2000)



Land-use Fraction

Change in Cropping
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Three Station Mean in SK
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Impact on Convective Instability
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Contrast Boreal Forest
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Impact of Snow on Climate
“Winter transitions”

Composite about snow date
— First lying snow in fall
— Final snow-pack melt in spring

Gives mean climate transition with snow
— 13 stations with 40-50 years of data

Snow cover and winter climate

Snow cover cools surface 10-14K

— Shift to LWCF control from SWCF
— Snow cover is a fast “climate switch”




Snowfall and Snhowmelt
Winter and Spring transitions
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Betts et al. 2014

(4,) L



w 15 T 7 157 =
& Saskatoon Mean seow: Wov 16 1x 160 D0 £ Prince Albert osn snce Mo 122130 |- GO
6 St t- n £ 40 419552004 [ E 40 1955-2006 i
ations . 5
ionsin ¢ e
2 2
Y a 9 ,
—_— = rd —
Saskatchewan ::
: 5 &
& -10 T G0
—_— ‘."-t -
< 15 ~ s
e T,,T, T, fall > = ek
X2°"M? " n -20 e —— a8 I

4 6 4 2 0 2 4 6 8 4 6 4 2 0 2 4 6 8
a O u Days from Snowfall Days from Snowfall

15

E {Moose Jaw b stow: Now 19 (= 16 Q0 g‘ JRegina Mean saow. Nov 18 (18401 g0

° ARH fa"s to T 401955199 e TR L T Y
(1) 3 5] -70 e E'E.-*- = 70
<10%, afternoon @ w0, & = e

. E Fso EOE EN\\\ i - 50

RH 3 L4 - 3 s | P, i e 0
rlses E [ ap % :%-m—: L - 30

i o F20 ¥ o _/\/*\ L - 20

* Cloud increases : o T ErEm e
-20 LY S B ~20 gy~ 0

10% (peaking 284202405 e

] E 18 Swift Current Mean srow: Now 12(2 1340 90 E 19 Moan srow Now 18 [z 1500
with show g 1o Jisseiors e Eu
E - 1986-1993 i B
e - 70
E 5 [— OOl .SD -§ 5
u (W] —— Cpague cdoud| [ ] latid
e Snow date: Nov 2 o] (=% 2 § It
s \\1. e e B b i Eyeel
15 £ 15 days 3 N RS S T T et R
— y % 10 W\ o FIE o
__-l:'-_ EN\—-\/\ ‘t —2[' f 1= E \.\ -—ﬂﬂ
=== “emse T _Fo LR T S— Rt P
iI=r T . —m ;
W11 17— 0 ‘20'"",". —T \,/.\._.\._."u'
2 6 4 2 0 2 4 8 8 4 -6 4 2 0 2 4 B 8

Days from Snowfall Days from Snowfall

(%) HYY " LiHY (%) HYV *L:HY

(%) HYY “L:HY



Fall Snow Transition Climatology
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Snow Cover to temperature:
Fall and Spring Climatology
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Snow Cover: Cold Season Climate
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Coupling to
Cloud Cover
Across Snowfall

 Mid-November

 5-day means
— red: no snow
— blue: snow

 With show
- T,, T, plunge

 Cloud coupling
shifts

— SWCF to LWCF
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N-S Albedo through Winter

 Prairies
a.: 0.2to0 0.73

 Boreal forest
0.:0.1to 0.35

« MODIS: 10day,
250m, avg. to
50x50km to
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Role of LW, in Surface Radiation

| Prince Albert
vapor flux No snow
« Atmosphere o~ 280 i 4 frobaquecious
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]
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Surface Radiation Balance

Across snow transition

— surface albedo a increases
— LW,,, decreases

— Opaque cloud increases

SW._, falls 34 W/m?
LW, falls 15 W/m?
Total 49 W/m?

Surface skin T falls: -11K to balance



Summary

High quality dataset with Opaque cloud
Understand cloud coupling to climate

Transpiration from crops changes climate
— Cools and moistens summer

— Lowers cloud-base and increases 6.

— Feedback increases precipitation

Distinct warm and cold season states
— Sharp transitions with snow cover: a_, = 0.7
— From SWCF dominated, with coupled CBL

— To LWCF dominated, with stable BL
— Snow cover is a “climate switch”

Papers at http://alanbetts.com



http://alanbetts.com/

Outline Revisited

e Clouds and Diurnal Cycle over seasons
— Betts et al (2013a)

 Annual crops and seasonal diurnal cycle
— Betts et al (2013b)

e Winter snow transitions and climate
— Betts et al (2014)

Papers at http://alanbetts.com
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Daily Mean Climate vs
Long-term Diurnal Mean

e Definitions

+ DTR=T,-T,

e ARH =RH:T, - RH:T,
Monthly mean diurnal cycle
e DTR,=T,,-T,,

« ARHh=RH,,-RH,,

Radiatively forced
signal small in
winter compared
to daily advection
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DTR, DTR, (°C)

Daily Mean Climate vs
Monthly Diurnal Mean Climate
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Diurnal Climate by Cloud and RH
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PLCL (hPa)

Diurnal Climate by Cloud and RH

(Afternoon T,,.,)

300
250 —
200 -
150 -
100 -

50 ]

Prairies
July-August
(40200 days)

_______
-
~~~~~
-
-
.

s

Afternoon T
max

0

 Higher RH - lower LCL, higher Q

L5 RSN TEEE BN (ELN LA FELEN LA FE B
1 2 3 45 67 8 91
Opaque Cloud (Tenths)

13
12
11 4

1Afternoon T
m

Prairies
July-August
(40200 days)

ax

4 1 7

0 1

| IR O TG PELN PR TN TR Ik
2 3 4 56 7 8 910
Opaque Cloud (Tenths)

340 -

Frairies
July-August
(40200 days)

Afternoon Tm = LY

YT T 171

T r LI B l T | T I T
2 3 4 56 7 8 910
Opaque Cloud (Tenths)

* B changes little: increase for high cloud
* Precip. evaporation drives some of change



(°c)

T T T =
max’ mean’ min

Summer Diurnal Cycle Climate

, 12
28 2] Reglna @ *Frecip i 11
1 JJA 1954-1993
26 1 - 10
24 _ -9
22 1 R
_ -7
20—_ _—G
18 4 5
16+ = -4
14 - B
. -2
12-_ ._1
10 + L L s e e el

| L
2 3
Opaque Cloud (Tenths)

|
4 5 6 7 8 9 10

(ww) uonendiosig
DTR (°C)

] , 100
20 Regina -
| JJA 1954-1993 - 90
= [ 80
il [ 70
14 g 60
12 4 i
4 — 50
104 [ TR !
: ~d - 40
8 - ~~ J
6 § =0
4 ]|=T= RHmean “J 20
l==== 2RH i
T 11T T 17171 10

01 2 3 4 5 6 7 8 910

Opaque Cloud (Tenths)

Climate emerges from daily variability
Cloud increases, precipitation increases

T
RH

max?

mean

DTR increase, T

min

flat

Increases, ARH decreases

(sHEY Y Hy



RH is linked to LCL
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Afternoon LCL is Cloud-base
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