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Diurnal Cycle

The surface diurnal cycle over land is the
“climate signal” that is important to us

Tooo Tmin@and DTR=T__ -T

Surely we understand it? Surely we can model
it? We observe it every day and forecast
centers work hard to reduce their biases!

As climate warms, some evidence T
increasing fasterthan T, _,

Result of fully coupled system: soil, surface
layer, BL, clouds, precipitation...

min

min



State of our Models: CMIP5

“The diurnal temperature range is found to
vary substantially between different CMIPS
models, in particular in the subtropics, and is
in general underestimated by the models.

In future projections with the high
emission scenario, the models disagree on
both sign and the magnitude of the change
of the diurnal temperature range over land.”

[Lindvall and Svensson, 2012, submitted]



Diurnal Cycle
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Diurnal Temperature Range

Increasing
cloud.:
DTR falls

T, >Tfall

rise
(DTR Scaled)

T < (T

mean max mln)/2

(Zeng & Wang, 2012)
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Diurnal Temperature Range

* Increasing
cloud:
DTR falls
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Surface Energy Balance

Rnet = SVVnet + LWnet =H+ AE + G

Surface processes and atmospheric processes
SW (day) and LW (night) dominate

Partition between clear-sky and cloud processes
in the atmosphere ['cloud forcing’]

Partition of the surface R, ., into H and AE:
availability of water for evapotranspiration
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Tmax’ Tmin (K)

Partition by BR = H/AE
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Clouds & Surface SW__,

Sanet = SVVdown' SVVup =(1' Gsurf)(1' acloud) SVvdown(Clear)

Drives T, ..
e surface albedo

Usurf = SW /SWdown

o effective cloud albedo [per unit area surface]
- scaled surface short-wave cloud forcing, SWCF

SWCF = SWy,,,r, - SW,un(clear)
ECA=a = -SWCF/SW,,,,.(clear)

[Betts and Viterbo, 2005; Betts, 2007]

cloud
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ERA-40 & Monthly Flux Tower data
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Seasonal cycle of
Diurnal Temperature Range (DTR)

. 16
DTR Ilnked tO ;E’ﬁ‘ Rutland, Vermont
) 0 . 0 .
henoloayv and © = 43°36.7'N, 72°57.4'W
P 9y 14 4 2000-2009

transpiration

5 April: melt, BR
high, RH low, clear
sky, DTR 1

5 May: forest leaf-
out, transpiration,
RH, cloudf, DTR|

2 Oct: frost signals 50 100 150 200 250 300 350

forest senescence Day of Year
[Betts, 2010]

Diurnal Temperature Range (

o



p (hPa)

600

650 -

700

750

800

850

900

950

Coupling of RH, ML, LCL, LW __,

|BOREAS

May 26, 1994

-
|tw _ =-102Wm™

Candle Lake, SK

et -2 'r"'
| sw, _=288Wm?

2000m CBL

. | —— 0417 LST
{2s0mneL ) | ——osasLsT
| LY — 1303 LST
LR B B | BA R ALEELE A B ATE R
280 290 300 310 320
0 (K)

RH (%)

90
80

70 -

BOREAS
SSA-OJP, SK
May 26, 1994

60 - — 100
507 First cumulus 150 L
1 9.8 ]Q
49 ’ 200 =
] : E
3°F_ 8.8 250 ==
Merges residual BL
20 20 BEOLTE NN TR I G20 BRI TG T O TR
0 6 9 12 15 18 21 24
LST (UTC-7)

H warms NBL, merges residual BL, forms first cumulus
Shallow cloud transports lock LCL to ML depth
Deep dry BL, large LW cooling gives large DTR (& NBL)

LW cooling of ML balances surface H over 24h

[Betts, 2003]



Modeling Issues

Fully coupled system

Must solve over sequential diurnal cycles
with coupled radiation clouds and BL

Even non-precipitating case poorly
modeled

Critical measurable parameters are cloud-
base, f(0,q), and cloud-fraction/optical
depth, which determine SWCF/ECA



Forced SCM - All Model Physics
(Amazon)

ECMWF SCM
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14-day Coupling: Fluxes and Precip.

14-day mean fluxes
and cloud cover
against precipitation

For M=0 (no mean ascent)
Amplitude A=0,1, 2,4
Phase ® from 0 to 21

LH (AE) determines precip -
1:1 line shown

Cloud cover determines
SW, .. R, and LH
Diurnal phase of omega
forcing determines SW
cloud forcing
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Precipitation (mm day'1)

Impose Mean Ascent
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Split Modes - Phase of Forcing
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Complex Diurnal Modes
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Modeling Issues

Fully coupled system

Must solve over sequential diurnal cycles with
coupled radiation, clouds and microphysics

Precipitation, cloud and surface radiation
sensitive to forcing and its phase

Critical measurable parameters are cloud-base,
cloud-fraction, cloud forcing, incoming
radiation and precipitation

“CMIP5 models disagree on both sign and the
magnitude of the change of the diurnal temperature
range over land”
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