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6. APPENDIKS

6.1. The difference method

The difference method (Lowry, 1976) may be applied e.g. to study
effects of artificial or natural changes in the landscape on local

ailr temperature:

The temperature, T , at a site, S , at the time, t , can be

expressed by:
Ty, = Csy + Lg, + Eg, (14)

where C is the effect of macro-scale weather on the air tempera-
ture, L are local effects of the of the landscape, and E are

effects due to changes in L.

The method requires a reference station, R , that is not affected
by changes in L , but is situated so close to S that macro-scale

weather is nearly the same at the two sites.

A comparison between S and R during a period, t, , before and a

period, , , after the changes in L yields:
E—S = (Ts,zz - Cz—"Rzz) - (TS,II - TR,tI) = ATZ - ATI (24)

Here it is assumed that the effects of macro-scale weather at R and
S are nearly the same before and after the changes in L. It is also
implied that at both sites the effects of the unchanged part of the
local landscape are the same under similar weather conditions

during different periods.

Effects of differences in general weather pattern during the
periods before and after the changes in L took place may be elimin-
ated, or at least markedly reduced by grouping the data in classes

e.g. according to cloud cover and wind, and/or temperature classes.
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AT, and AT, and their standard deviations are computed for all
groups, and the statistical significance of E; is tested. An added
requirement to the test is that the effect of changes in L is
considered statistically significant only when the sum of the
standard deviations of AT, and AT, are smaller than E; (Leith,1973).

6.2. Tables and estimation of energy fluxes

Table Al. Saturation water vapour pressure at air temperature T, just
above a water surface, ex, and above an ice surface, ez, and cor-
responding vapour content (absolute humidity), p’, and p’,. RH is

relative humidity of saturated air above ice at temperature T,.

T, °C -30 -25 -20 -15 -10 -5 0 5 10 15
e’, hPa 0.51 0.81 1.25 1.91 2.86 4.21 6,11 8.72 12.27 17.04
e’ " 0.38 0.64 1.03 1.65 2.60 4.01 +6.11

pz gm’3 0.45 0.70 1.07 1.60 2.36 3.41 4.85 6.81 9.40 12.83

RH; % 75 79 82 85 91 95 100

6.2.1. Energy exchange at a water surface

The main components in the energy exchange between the surface and

the atmosphere are given by the equation:

* *

(KV-K*) + (Lv-Lt) = K + L =0Q = Q5 + Qy + QO (34)

where
K is short-wave, solar radiation to the surface (daytime)
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K7 is reflected short-wave radiation

K = Ki-K* is net short-wave radiation to the surface

Ly is long-wave radiation from the atmosphere (day and night)
L is long-wave radiation from the surface (day and night)

L" = LV-L* is net long-wave radiation

is net radiation (net gain or loss by radiation)

Q6 is transfer of sensible heat to/from the sub-surface layer
o is turbulent transfer of sensible heat to/from the atmosphere
QO turbulent transfer of latent heat (evaporation/condensation)

to/from the atmosphere

Methods for estimating transfer of Ilatent heat (evaporation),

sensible heat, and long-wave radiation are given below.

Evaporation from a water surface is determined by the temperature
difference between water and air, the humidity of the air, the wind
speed, and the stability of the air above the water surface. In the
empirical formula (after Ryan et al., 1974), that was applied to
estimate the values given in Table A2 below, the stability is

expressed by the term N (T, - T,)":

E = Q/L = 1/L[Ngu, + Nz (T, - T,)"”] (€', - e,) mm s’ (4A)

where

L is latent heat of vaporization (2.5 Joule kg'x 10°)
u, is wind speed 2 m above the surface (m sV)

T, is temperature of the water surface (°C)

T, is alir temperature 2 m above the surface (°C)

is saturation vapour pressure at T, (hPa)

e, is actual vapour pressure 2 m above the surface (hPa)

N is an empirical constant [3.24 W m?*(hPa)”(m s™)™]
(adjusted to wind measured 2 m above the surface)

N is an empirical constant [2.7 W m?(hPa)'(cC)

The values obtained by means of (4A) multiplied by 86.400 (seconds
per day) gives E in mm day’.
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As cold air moves over warmer water, the temperature and the actual
vapour pressure of the air gradually increase, and accordingly the
rate of evaporation decreases. Therefore, under these circumstances
measurements at the up-wind edge a of wide waterbody applied in

formula 4A will give too high evaporation values.

Table A2. Diurnal evaporation (mm) from a waterbody with surface
temperature T, = 1°C, calculated by formula (4A) for different
alr temperatures, T, , and wind speeds, u, , and for rela-

tive humidities, RH , 70 og 90% respectively.

u, m s’ 0 2 4 6
T, °C

RH % 70 90 70 90 70 90 70 90

0 0.21 0.10 0.73 0.34 1.24 0.58 1.75 0.82

- 5 0.56 0.43 1.38 1.04 2.18 1.66 2.98 2.29
-10 0.94 0.83 1.96 1.71 2.98 2.61 3.99 3.50
-15 1.23 1.14 2.40 2.21  3.56 3.30 4.73 4.39
-20 1.46 1.40 2.74 2.64 4.01 3.84 5.29 5.05
-25 1.65 1.60 2.99 2.90 4.32 4.20 5.66 5.50

Several formulas for estimating the transfer of semnsible heat, Oy
from a water surface to the air above have been developed. If the

transfer of latent heat, Qp , is known, Qy can be estimated by means

of the Bowen-ratio , 3 , (Andreas et al., 1979):

B = Qu/Qc = cky(T, - T,)/Lrg(qd, - q,) (54)
where ¢, = 1010 J kg' K' is spesific heat of air at constant
pressure, ky = 19.0 m* s' x 10° and k; = 21.3 m' s' x 10° are

molecular diffusion coeffisients of air for sensible and latent
heat respectively at air temperature 1°C, L = 2.5 J kg! x 10° is
latent heat of vaporization, and g, is spesific humidity of satu-
rated air at temperature T,, and g, is actual spesific humidity of
the air. In the Tables A2 og A3 a is referred to 2 m above the

surface.
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The evaporation values in Table A2 above multiplied by @ (Table

A3), and by 29 W m? gives estimated Qy values in W m-2.

Table A3. The Bowen ratio, (5A), above water with surface tempera-

ture T, = 1°C, at different air temperatures, T, , and relative

a

humidity, RH, 70 0g 90% respectively.

RH % T,°C 0 -5 -10 -15 -20 -25
70 0.25 0.94 1.37 1.73 2.10 2.46
90 0.54 1.23 1.57 1.87 2.19 2.53

The emission of long-wave radiation from a water surface is:

Lt = eoT} W m?’ (6A)
where € is emissivity (for water 0.97-0.99), 0 = 5.67 x 10® W m?K*
(Stefan-Boltzman constant), and T, is the absolute temperature of

the surface. If ¢ = 0.97 and T, = 1 °C = 274.2 K, the emission, L%,
is 320 W m-°. The long-wave counter radiation, Li , from the
atmosphere by clear skies can be estimated e.g. by means of an

empirical formula developed by Swinbank (1963):

Iv = 5.31x10PT°% w m? (74)

where T, is the air temperature [K]. By clear skies L* is always
markedly greater than L¢ ; i.e. L° = Li-L? is negative, and the
surface loses energy by long-wave radiation. Clouds increase the
atmospheric counter radiation, and by overcast skies - especially

with low clouds - the radiative loss 1s small.
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