Amount of energy per unit time

Where does the energy come from?

o=l

hwe -
Pw L f
E  —energy (J) p, —density (kg m-3) of water
m, —mass (kg) of snow h,. — height of snow (m w.e.)
L, - latent heat of fusion

= 333400 J kg

0 :QR +QH +QL+QG +QP+QM

Qu=S+-ST+L-LT

N
Sensible heat flux
& latent heat flux

-

Conduction
(snow & ice)
ground

MELTING




— Basic Principle
* All bedies radiate; as temperature increases,
the energy emitted increases, but the
wavelength at which the peak radiation is
emitted decreases.

-~ Total Energy Emited: 555 Wi 2 Tote B Emitted: 2
—_ : w’n\;“ Q o it} ; 1fnwrrr
= Electromagnetic radiation etk o hiirh el
\\“\\ Wien's law: .
Real world:
A = 2.88*103 T
)))) ) ) Gray body radiation max

Q=¢0 T4 [m] [m K] K]

€ — emissivity [0,1]

Electromagnetic
2 Incident Reflected Qutgoing
Shortwave Flux  Shortwove Flux Longwave Flux

1o ST ]

+
+

Microwaves
Radio waves

1000 jirs = 1 mprt

Figure 1.6 Estimated average energy budget of the Earth-atmosphere system (from Liou, 1950).
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Figure 1.5 Daily insolation ar the top of the amasphere (W m~). Vertical
dashed lines indicate the equinexes and solstices, curved dashed line the
inclination of the Sur.
Figure 1.4 Dally moar insolation af the lop of the atmaiphere for 5 Northern Hemisphere batinudes f,
Teft) and dally cycle for day 171 Chme 21)ib, righ.

* 4-120um

* Emitted by atmosphere
(water vapour, CO,, ozone)

* Function of air temperature

and humidity (cloudiness)

ATMOSPHERE

L7=eoT* .
Max = 316 Wm? M\/

L acts day & night |
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Effect of clouds on the annual mean net radiation af the surface, The total clond effect is obtained by
nparing the net radiation for clear-sky cond with those for average conditions, Le. with elouds.

Why are values positive in polar regions???

Sensible heat flux
* Function of temperature gradient
* Function of wind speed

Latent heat flux
* Function of vapour pressure gradient
* Function of wind speed

(o] | [ e
Fluxes also affected by R
« Surface roughness LGJ\ / Lu—l \ I

* Atmospheric stability

MELTING

o N 3 o
old snow 04-0.7 g \:lj e
glacier ice 0.3-045 ! . |
soil, dark 0.1 A
grass 0.2 w—1 ! | ]
rain forest 0.15 oty w-‘-.--m-a-r-e RN
Longwave reflectance of snow: < 0.1 snow is dark on IR image!

reflectance = 1 - emissivity snow emits a lot Lt

Momentum (T) Pa Kur %";

Heat (H) Pa Cp Kyt %%

wind speed

Water vapor (F) Pa Ly Ky %Z‘

Py is air density

u is wind velocity (ms™)

6 is potential temperature (K)

g is the specific humidity (dimensionless)

C,, is the specific heat of air (1.003 x 10° Jkg™' deg K™")
L, is the latent heat of vaporization

surface roughness Ky is the eddy diffusivity for momentum (m?s~")

Ky is the eddy diffusivity for heat in air (m?s™")

Ky is the eddy diffusivity for water vapor in air (m2s~)

turbulent mixing




To melt 1 kg snow/ice requires
334 000 J kg
Latent heat of fusion

To sublimate 1 kg of snow requires
2 600 000 J kg™*
Latent heat of sublimation (8x L; !!!)

To warm 1 kg of snow 1 K requires 2009 J kg K-*;
ice: 2097 J kg' K-

Specific heat capacity

Refreezing of 1 g water -
warms 160 g snow by 1 K

To melt 1 kg snow/ice requires
334 000 J kg
Latent heat of fusion

To sublimate 1 kg of snow requires
2 600 000 J kg™
Latent heat of sublimation (8x L; !!!)

To warm 1 kg of snow 1 K requires 2009 J kg K-*;
ice: 2097 J kg' K-

Specific heat capacity

Refreezing of 1 g water -
warms 160 g snow by 1 K

Dry conditions:
Sublimation of snow occurs
L, = 8"L; - 8x less ablation than under wet conditions

%

1

Vs= m3
T.=-1°C

Condition for melt: snow must be at melting
temperature, otherwise refreezing will occur

Cold content = energy needed to bring the snow /ice to 0 °C.

In the given example, refreezing of 2.5 | melt-water is needed to compensate
for the cold content of the snow pack (snow density, p,=400 kg m?3).




Qc‘c‘ = CF 25 hs (T.'.‘ - Tm)
Q.. is the cold content
2 is the density of snow
h, is the snow height
C; is the specific heat of ice
T, is average snow temperature in K or C
T, is the melting temperature of ice in Kor C

snow temp
8.0 40 00

0.0 0.0
<
a

04 @ 04
©

0.8 0.8

0.0

-0.8

* Heat Advected by Rain on Snow (Q,)

— First Case
— Rainfall on a melting snow pack, where the rain does not
freeze

s Qp =4.2T,P, (kIfm?d)
— where T, Is the temperafure of therain (°C)
— and P, is the depth of rain {(mmj/day)
= If T, =2°Cand P, = 2mm, then Q, = 16.8 kJ/m?d or 0.19
Wm=
= Mery small compared to 800 W2 Incldent Solar Radiation!

A=C, p. PIT.-T)
A is the advected energy, usually rain on snow, in J m™ day ™
,, is the specific heat of liquid water
2. isthe density of liquid water
T, s average snow temperature in Koo C
T, is the temperature of the min

TABLE 53
Energ-Balance Companents fin cal cm "] for Six Seasans at the U5, National Weather Sarvice-U.5. Agric k
3 5. Agriculteral Aesearch Servi
Snow Research Station, Danville, VT ) -
G690 TO-TI O TI-T2 72T T4 Aversge| in (%] out[%]
Aceumulation Season s
4011 409 Freey 4053 7% 4580 anzi |58
8317 6201 6756 -5707 4165 130 ~5757 92
230 2108 2062 1654 1415 B4 1731
L2 0 f 9 17 b 11| o2
35 1287 0 o7 628 gl ] e 11
- 1569 TR 1316 1045 T -B0 94
bubent exchange, sensible, i 231 s 2697 209 1562 1955 28| 381
exchange, katent, LE -286 al% 648 84 384 457 s01 8
28 a7 049 162§ 178 1468 1624
456 Sa 713 Lyl R 1388 i
Melt Season
4588 L] IRRY 3600 3578 3 T @
415 —1a12 1846 1786 2208 2627 - 2062 76 )
1M 1465 2043 1514 1367 140 17
1 15 17 L] 16 2% | 04
125 4] 121 102 28 m | 3
2306 1564 2181 1946 1611 1654 1878
15590 o3 1603 157 1345 1452 1432 27
&77 427 565 B9 —E3 762 659 24
fj.’ +LE i3 [TiL) 138 RE4 509 60 m
Net heat input 219 nn 219 W30 2120 2344 2651

£ is the precipitation amount {in d'g_l}

Energy Flux Partitioning

500 mb Synoptic Weather Patterns, Spring, 1994

_ Canadian Polar Jestern Trough

&M Niwot Ridge, Colorado, USA




Energy Flux Partitioning

Turbulent Fluxes Net Radiation Melt Energy

507
Sensible ma
40 E
30 [t
i |

2 Standard Errors Canadian Polar E‘.;] Wastern Trough
P> 0.01% Lavel

Zonal Arizona Low

Glacier Qr | Q4 | Q. | Qs | Qu
Mg |02 | o | 6 | 0 | o
Hinteretsterner, 9 | 10 | =2 | 0 | -98
Peytoglacier, Canada 44 48 8 0 -100
Storglaciaren, Sweden | 66 30 5 -3 -97

* Ice and snow melt are determined by the
> Do not necessarily melt at air temperature >=0° C

* Snowy/ice surface temperature must be raised to 0°C
before melting can occur (2 steps: warming, melting)

¢ Fixed (0°C)
= Under melting conditions: constantl /= 316 Wni°.
suridce vapour pressure = 611 Pa

¢ Often domindnt source of energy.
redijces enerdgy available for nielt

s




|
surface lowering (melt)

i =
snow/ ice temperature
2 S = ““"A‘-
a
%
.
.
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