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PREFACE

This volume contains all the information that is required to

operate the computer simulation model SNOMO. The input files required,

the operational logic of SNOMO and the output produced by SNOMO are

discussed in detail. A full listing of the SNOMO Fortran-77 code is

included.
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1.1 C•ell division.

The catchment is subdivided into computational units, called

cells. The factors used for this subdivision are slope angle,

aspect, elevation and vegetation cover type. The method for

catchment subdivision is described in detail in chapter 5 (volume 1)

and need not be repeated here. The catchment to be modelled will

therefore consist of, after subdivision, a number of cells each with

an aspect, slope angle, elevation and vegetation cover value. The

location of each cell in the catchment is also known. The depth and

occurrence of snowcover is calculated for each cell and the results

for all the cells are examined together in order to calculate the

snowcover depth and distribution over the whole catchment.

1.2 InRMt files.

The snowcover calculations are conducted separately for each

cell. The presence of five data files (snomo.dat, conif.dat,

decid.dat, mlx.dat and lapse.dat) is required in order for SNOMO to

operate correctly. The input required for these 5 files will be

considered in detail below and has also been discussed in chapter 4

(volume 1).

1.2.1 snomo.dat.

Tables 1.1, 1.2 and 1.3 show sample snomo.dat files for cells 1

and 24 in 1988 and cell 1 in 1989 for the W3 catchment, Sleepers

River Research Watershed, Danville, Vermont. Table 1.4 shows the

variables contained in snomo.dat. The variables are considered in

detail below in the order that they appear in the data file.
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Table 1.1. Sample snomo.dat file for cell 1, W3, 1988.

1 1 1988
2 0.0 0.06 0.03 0.99 0.95 0.136

3 0.0 0.24 0.08 0.94 0.40 0.410

4 0.0 0.36 0.09 0.92 0.39 1.600

5 1010 5 100

6 6.15 -92.83 64 44.47

7 1

8 3

9 89.0

10 5.0

11 100.0 0.0 -1.0

12 39

13 64 1100 -11.1 -2.8 71.00 0.5 0.7 0.0

14 65 1100 -16.3 -5.6 36.00 0.5 4.2 0.2

15 66 1100 -16.6 0.0 31.00 0.5 1.7 0.0

16 67 1100 -6.0 5.6 46.00 0.7 2.5 1.5

17 68 1100 -14.0 4.4 32.00 0.0 1.7 0.1

18 69 1100 -1.9 4.6 55.00 1.0 1.8 6.1

19 70 1100 -7.8 2.4 75.00 0.5 3.1 1.6

20 71 1100 -15.3 -7.8 42.00 0.0 3.4 1.0

21 72 1100 -16.9 -1.6 37.00 0.5 2.0 0.0

22 73 1100 -3.8 3.6 80.00 0.5 1.1 4.6

23 74 1100 -5.9 0.3 77.00 1.0 1.9 1.4

24 75 1100 -6.2 -2.1 73.00 0.5 2.2 1.2

25 76 1100 -6.5 0.0 68.00 0.7 1.9 2.0

26 77 1100 -10.9 2.7 36.00 0.5 2.5 0.1

27 78 1100 -9.7 2.8 43.00 1.0 1.2 0.0

28 79 1100 -15.3 0.3 46.00 0.5 2.8 0.5

29 80 1100 -19.0 -6.1 67.00 0.5 2.5 2.8

30 81 1100 -22.7 -14.9 51.00 0.4 3.6 0.5

31 82 1100 -19.1 -4.2 46.00 0.5 2.8 0.0

32 83 1100 -15.4 4.8 32.00 0.4 2.7 0.0

33 84 1100 -0.3 11.0 65.00 0.5 1.2 0.0

34 85 1100 -0.4 7.2 61.00 0.5 1.4 0.0

35 86 1100 4.4 7.9 92.00 0.5 0.8 20.7

36 87 1100 -2.2 4.8 92.00 0.5 3.5 10.7

37 88 1100 -6.1 -0.2 78.00 0.5 2.1 1.2

38 89 1100 -8.0 12.7 43.00 0.5 1.1 0.0

39 90 1100 1.8 13.5 31.00 0.0 2.1 0.0

40 91 1100 0.3 10.8 60.00 0.0 2.1 0.0

41 92 1100 0.3 11.0 38.00 0.3 2.2 0.0

42 93 1100 1.1 16.8 47.00 0.5 1.4 0.0

43 94 1100 4.5 6.5 68.00 0.5 1.4 0.2

44 95 1100 3.3 11.6 95.00 1.0 0.5 0.4

45 96 1100 3.3 9.4 95.00 1.0 1.4 16.3

46 97 1100 0.9 15.3 74.00 0.6 1.0 0.0

continued overleaf...
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47 98 1100 0.3 12.9 61.00 0.5 1.0 0.0

48 9a 1100 3.4 6.9 87.00 1.0 1.1 0.5

49 100 1100 1.0 8.7 45.00 0.5 2.9 J.5

50 101 1100 -0.3 8.7 82.00 0.0 3.2 0.0

51 102 1100 -0.7 8.0 76.00 0.5 1.8 1.2

52 103 1100 -0.5 12.5 53.00 0.5 1.2 0.0

Interpretation of snomo.dat file:

LINE 1 cell identification number, asiulation year.

LINE 2 0.0, thermal diffusivity (cm 2min -1), heat conductivity (calcm-2 min- K -), emissivity

(decimal), albedo (decimal), density (gm-3 ): for new snow.

LINE 3 as line 2, but for old snow.

LINE 4 as line 2 and 3, but for sandy soil.

LINE 5 air pressure (Cb), cloud type, instrument height (cm).

LINE 6 slope angle, aspect, start date, latitude.

LINE 7 lapse rate indicator.

LINE 8 vegetation cover type indicator.

LINE 9 initial anowdepth, (ca).

LINE 10 critical snowdepth (5cm).

LINE 11 depth of soil profile (cm), soil temperature at depth CC), surface soil temperature

CC).

LINE 12 number of days in data file minus one.

LINES 13 daily mteorological data: Julian date, observation time, minimum air temperature

(*C), maximum air temperature (*C),

TO 52 relative humidity (1), cloud cover (0-1), wind speed (ma2).
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Table 1.2. Sample snomo.dat file for cell 24, W3, 1988.

1 24 isa8
2 0.0 0.06 0.03 0.99 0.95 0.136

3 0.0 0.24 0.08 0.94 0.40 0.410

4 0.0 0.36 0.09 0.92 0.39 1.600

5 1010 5 100

6 6.27 -101.37 64 44.47

70

80

9 69.0

10 5.0

11 100.0 0.0 -1.0

12 39

13 64 1100 -11.1 -2.8 71.00 0.5 0.7 0.0
Lines 14 to 52 as file (1).
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Table 1.3. Sample snomo.dat file for cell 1, W3, 1989.

1 1 189

2 0.0 0.06 0.03 0.90 0.95 0.136

3 0.0 0.24 0.08 0.94 0.40 0.410

4 0.0 0.36 0.09 0.92 0.39 1.600

5 1010 5 100

6 6.15 -92.83 64 44.47

7 1

83

9 52.9

10 5.0

11 100.0 0.0 -1.0

12 46

13 64 1100 -8.5 0.7 96.00 0.5 0.3 7.1

14 65 1100 -19.9 -9.4 81.00 1.0 2.5 0.0

15 66 1100 -28.7 -15.8 65.00 0.5 1.7 0.0

16 67 1100 -20.4 -5.9 72.00 0.0 1.3 0.0

17 68 1100 -14.9 -1.2 67.00 0.0 1.4 0.0

18 69 1100 -11.5 1.8 52.00 0.5 1.7 0.0

19 70 1100 -7.6 2.02 47.00 0.5 1.9 1.02

20 71 1100 -12.6 -1.7 87.00 0.5 2.4 1.8

21 72 1100 -16.0 -1.3 40.00 0.0 1.2 0.0

22 73 1100 -3.9 8.6 61.00 0.5 1.0 0.0

23 74 1100 3.4 14.3 96.00 0.5 1.8 0.0

24 75 1100 -4.6 2.5 78.00 0.5 2.2 0.0

25 76 1100 -6.7 2.8 75.00 1.0 2.1 3.1

26 77 1100 -8.1 1.0 97.00 0.5 0.4 17.0

27 78 1100 -12.5 -6.1 84.00 0.5 1.7 1.02

28 79 1100 -12.1 -0.6 87.00 1.0 1.2 1.52

29 80 1100 -9.3 -0.9 94.00 0.5 2.0 7.6

30 81 1100 -14.3 -3.6 57.00 0.5 1.8 0.0

31 82 1100 -10.7 2.6 47.00 0.0 1.8 0.0

32 83 1100 -9.4 2.2 55.00 0.5 1.6 2.5

33 84 1100 -2.7 6.3 89.00 0.5 0.8 3.1

34 85 1100 0.0 6.5 91.00 0.5 1.1 0.0

35 B6 1100 0.0 16.9 60.00 0.5 0.9 0.0

36 87 1100 7.0 17.1 79.00 0.2 0.8 2.3

37 88 1100 -0.2 13.8 65.00 1.0 1.7 13.5

38 89 1100 -2.4 0.4 93.00 0.5 1.2 18.3

39 90 1100 -2.7 0.3 97.00 1.0 0.6 10.2

40 91 1100 -2.3 0.2 94.00 0.5 1.9 4.3

41 92 1100 -3.4 6.5 83.00 0.5 1.3 0.0

42 93 1100 1.0 3.8 94.00 1.0 1.1 26.2

43 94 1100 1.2 4.6 99.00 1.0 0.8 6.9

44 95 1100 4.3 14.0 90.00 0.4 0.9 8.4

45 96 1100 0.1 6.5 98.00 0.5 1.9 21.3

46 97 1100 0.1 4.2 94.00 0.6 1.7 0.4

continued overleaf...
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47 98 1100 -3.4 2.6 82.00 0.5 2.4 0.0

48 99 1100 -4.0 6.2 43.00 0.5 1.3 3.1

49 100 1100 -5.7 1.2 70.00 0.5 1.6 6.6

50 101 1100 -7.0 -0.2 70.00 0.7 1.7 0.0

51 102 1100 -7.1 4.2 66.00 0.5 0.7 0.0

52 103 1100 -1.1 5.9 58.00 0.5 1.9 0.0

53 104 1100 -0.3 5.2 73.00 0.9 1.1 0.0

54 105 1100 0.4 6.6 71.00 0.5 2.1 6.4

55 106 1100 1.0 4.6 97.00 0.5 0.9 4.6

58 107 1100 3.5 14.7 80.00 0.5 0.8 0.0

57 108 1100 0.4 11.1 95.00 0.5 2.4 3.8

58 109 1100 -0.9 5.9 53,00 0.5 1.9 0.0

59 110 1100 -0.6 5.2 90.00 0.5 2.1 1.6

- • • • - . . . - . . . . .. . .wI
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Table 1.4. Description of variables in snomo.dat.

LINE VAR•B.E REALl/ DEscRXFxO

CELL I Number of cell.
YEAR I Year of simulation

2 VIIEWS(1,1) R Now snow vector, 0.0.
VNE4WS(1.2) R thermal diffusivity (cm2min -1

VNEWSN(1.3) R . heat conductivity (calcm 2min -1 K-.

VNEWSN(1,4) R " eftiasivity (decimal).

VNEWSN(1,5) R . albodo (decimal).

VNEWSN(1.6) R . density (cm'
3
).

3 VOLDSN(l.1) R Old snow vector. 0.0.

VOLDSN(1.2) R - . thermal diffusivity (cm2
.n.-).

VOLDSM(1.3) R * heat conductivity (calcm'2mtn'" K- ).

VOLDSM(1.4) R * mamisivity (decimal).

VOLDSM(C.5) R . " albedo (decimal).

VOLDSN(1,6) R " " density (gm -).

4 VSOIL(l.1) R Soil vector, 0.0.

VSOIL(1.2) R " thermal diffuaivity (cm2.,n-l).

VSOIL(1,3) R hbeat conductivity (calcm 2
.inl"').

VSOIL(1,4) R " amissivity (decimal).

VSOIL(1.5) R " aLbedo (decimal).

VSOIL(l,6) R , density (gcm -3).

5 PRESS I Air pressure (ab).

NCLOUD I Cloud type, see table 1.2.

ZA I Instrument height (cm).

6 SLOPE1 R Cell slope anIl C)
SRFC1 R Cell aspect (')

DAY1 I Start date (Julian calender).

LAY R Latitude of catchent C).

7 LAPSE I Lapse rate indicator.

ILA PSE-0, elevation band 1S00-2000ft.

ILAPSE-l, elevation band 1000-1500ft.

S IME I Cell vegetation cover type indicator.

I•EGS-, coniferous cover.

IES-2. deciduous cover.

IVES-3, aixed cover.

IVYES0, pasture and clear-cut (open).

continued overleaf...



9 SUD1 a Initial snowdepth (ca).

10 CT,,' Critical anoodeptt (5cm).

11 SOILDP Rt Depth of soil profile (cm).

SO3LTP Rt Soil temperature at depth CC).

SSOLTP Rt Surface soil temperature CC).

12 N I Nuber of days to be modelled. Number of daily

meteorological data days minus 1.

13 Daily meteorological data.

mXX(1,8) I Date (Julian calender).

=(1,1) I Observation time (24hr clock).

Yyr(1.1) R Minimum daily air temperature CC).

YYY(1.9) t Maxism daily air temperature (*C).

YY•(1,2) R Relative humidity (1).

YYY(I.3) I Cloud cover (0-1).

!•Y(1.6) R Wind speed (ma
1
I).

YYY(1,7) t Precipitation (mm water).
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1. CELL

The number of the cell. Each cell is numbered for easy

identification.

2. YEAR

The year of the simulation.

LINE 2: 'New' snow vector.

The vector for the physical characteristics of 'new' snow.

Chapter 4 (volume 1) considered the division of the physical

characteristics of snow into those commonly associated with 'new'

(fresh) snow and 'old' snow. Values are taken from various sources

or measurements on site if available. The physical characteristics

required are thermal diffusivity (cm2min'l), heat conductivity

(calcm-2mtn'l*K'l), emissivity (decimal), albedo (decimal) and

density (gcm 3). The first value in the vector is always input as

zero. This is because it represents snowpack depth and is calculated

within the program.

LINE 3: 'Old' snow vector.

As line 2, except concerned with the values of the physical

characteristics of 'old' snow.

LINE 4: Soil vector.

As lines 2 and 3, except concerned with the values of the

physical characteristics of the soil. Soil type is taken as the

predominant soil type for that particular cell or catchment. The

soil vector is rarely used and therefore the accuracy of the soil

values is not particularly important. Again values can be taken from

the literature, or on site.
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1. PRESS.

Air pressure (mb). The average air pressure for the simulation

period is used, or a median value.

2. NCLOUD.

Values for cloud cover type are contained in table 1.5. The

average cloud cover type is used or, in the absence of sufficient

data, a default cloud cover type of 5 (stratocumulus) is used.

3. ZA.

Instrument height is the average height (cm) of the instruments

used to measure the meteorological data, ie. wind speed and relative

humidity, from the ground/snow surface. If this measurement is

unavailable or is too variable a default value of 100cm is used.

1. SLOPE1.

Cell slope angle (°).

2. SURFC1.

Cell aspect. The cell aspect is measured in degrees from South

with westerly values positive and easterly values negative, ie.

West-+90* and East--90°.

3. DAY1.

Date of start of simulation, Julian calender.

4. LAT.

Latitude of catchment or cell (degrees and minutes). The

latitude of the midpoint or mouth of the catchment can be used, at

the operator's discretion.

LINE 7

1. ILAPSE.

Lapse rate indicator. SNOMO is currently set up for the W3

catchment, Sleepers River Research Watershed, Danville, Vermont.

When subdivided the elevations derived for each cell ranged within

lO00-2000ft a.s.l.. A midpoint of 150Oft a.s.l. was used as a
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Table 1.5. Cloud Genera and Cloud Type Indices*, Balick et.al.
(1981a).

Cloud Abbreviation Index Coments

Genera value

Cirrus Ci 1 High clouds composed of white delicate filements, patches

of narrow bends, elements often curved or slanted and

smaller than Cs, never overcast or precipitating.

Cirrostratus Cs 2 High clouds appearing as whitish veil usually fibrous,

often produces halo phenomena, thinner than As, does not

appear to move, nonprecipitating.

Altocuimulus Ac 3 Kidlevel clouds, patches, usually broken, lee wave clouds,

elements smaller than Sc. nonprecipitating.

Altostratus As 4 4idlevel grey sheet or layer of striated, fibrous or

uniform appearance, large horizontal extent; thicker than

Cs, thinner than Nl, precipitation generally light and

continuous (if any).

Stratocumulus Sc 5 Grey and/or whitish layer or patch, nearly always has dark

spots and is nonfibrous; elements larger than Ac,

nonprecipitating.

Stratus St 6 Grey rather uniform base, patches ragged if present,

precipitation unusual but light and continuous if present,

lower and more uniform then Sc, less dense and less 'wet'

than liN.

Nimbostratus Ns 7 Grey often dark, diffuse, large horizontal and vertical

extent, thicker than As, more uniform than Sc, often

precipitating, precipitation continuous.

Fog FG

* Cloud genora; Cumulus (Cu), Cirrocumulus (Cc) and Cumulonimbus (Cb) are not treated here.

At low cloud covers (0.3) Cu and Cc may be approximated with Ac.

IL -,mm m - lmmmm r'"mm ..- "
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further subdivision of the elevation resulting in 2 elevation bands:

lO00-1500ft and 1500-2000ft. If the elevation of the cell is between

1000-1500ft the lapse rate indicator is set to 1, if between 1500-

2000 then it is set to 0. The elevation bands can be altered if

required.

LINE 8

1. IVEG.

Vegetation cover type indicator. Four vegetation cover types

can be modelled using SNOHO:

IVEG-1, coniferous cover

IVEG-2, deciduous cover

IVEG-3, mixed cover

IVEG-O, pasture or clear-cut (open).

The vegetation cover types are those found at W3. Again, as

with ILAPSE, these can be altered if necessary.

LINE 9
1. SNDP1.

Initial snowdepth. This is the known (measured or estimated)

snowdepth for the cell at the start of the simulation. If estimated

the value for initial snowdepth is based on the relationship between

snowdepth, vegetation cover type and elevation. If one value at a

base station (1500-2000ft a.s.l) is available then:

(1) Cell with elevation < 1500ft a.s.l., -10cm.

(2) Cell with coniferous forest cover, -5cm.

(3) Cell with mixed forest cover, +5cm.

(4) Cell with deciduous forest cover, +10cm.

These values can be used or compiled according to another catchment.

LINE 10
1. CRITDP.

Critical depth (5cm). This is the depth below which, because

of the difficulty of accurate measurement, no snow is said to be

-• ~ m • - m m -ll ( m- ... .. . .
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present.

LINE11
1. SOILDP.

Depth of soil profile (cm). Default value is 100cm.

2. SOILTP.

Soil temperature at depth (°C). Default value is 0°C. SNOMO
does not currently model the temperatures within the soil or the heat
flux across the ground/snow interface (Qg) and therefore the accuracy
of SOILTP is not vital.

3. SSOLTP.

Surface soil temperature (°C). Default value of -1°C is used.
Again, for the same reasons as SOILTP, accuracy is not vital.

LINE 12
1. N

The number of days to be modelled in the simulation. This is
calculated as the number of daily meteorological data available in

snomo.dat minus one.

LINE 13 and onward : Daily meteorological data.

1. XXX(1,8)

Julian date.

2. XXX(l,l)

Observation time (24hr clock), default value of llOOhrs.

3. YYY(l,l)

Minimum air temperature (*C).

4. YYY(1,9)

Maximum air temperature ('C).

5. YYY(1,2)

Relative humidity (S).

6. YYY(1,3)

Cloud cover amount (decimal).

7. YYY(l,6)
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Wind speed (ms )

8. YYY(1,7)

Precipitation (mm water).

Table 1.6 is provided for the guidance of the compilaton of a

snomo.dat file.

1.2.2 conif.dat, decid.dat and mix.dat.

These three data files contain the information required if the

vegetation cover options of coniferous, deciduous or mixed cover re

used. The files contain values of the variables of, X, ef, of and

zf. Examples of the three data files used for the W3 simulation are

shown in table 1.7. The variables contained in the files are

considered in chapter 4 (volume 1) and below:

1. of, foliage cover fraction (0-1).

This describes the density of the vegetation cover. af-O

represents no foliage and therefore no radiative shielding and af-i

represents complete radiative blocking. Table 1.4 shows various

limiting values of of taken from Geiger (1965) and Deardorff (1978)

for various vegetation covers.

2. X, state of vegetation (1-1000).

X is used as a multiplier of the stomatal resistance function.

A summer value, when the vegetation is healthy and active, is 1, a

winter and therefore dominant or dead vegetation cover value is 1000.

Other values can be chosen to adjust stomatal resistance for moisture

stress, senescence or other factors.

3. ef, foliage emissivity (decimal).

4. af, foliage albedo (decimal).

5. zf, foliage height (cm).

Values for ef and of can be obtained from the literature.
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Table 1.6. Compilation guideline for snomo.dat.

All input on the same line is separated by at least 1 space and
starts in the first column.

LINE 1

1. Number of cell

2. Year of simulation

LINE 2

1. 0.0

2. New snow thermal diffusivity

3. " " heat conductivity

4. " emissivity

5. " " albedo

6. " " density

LINE 3

1. 0.0

2. Old snow thermal diffusivity

3. " heat conductivity

4. " " emissivity

5. " albedo

6. " density

LINE 4

1. 0.0 o.0

2. Soil thermal diffusivity

3. heat conductivity

4. emissivity

5. " albedo

6. " density

continued overleaf...
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LINE 5

1. Air pressure

2. Cloud type

3. Instrument height

LINE 6

1. Cell slope angle

2. Cell aspect

3. Start date

4. Latitude of catchment or cell

LINE 7

1. Lapse rate indicator

LINE 8

1. Cell vegetation cover type indicator

LINE 9

1. Initial snowdepth

LINE 10

1. Critical snowdepth

LINE 11

1. Depth of soil profile

2. Soil temperature at depth

3. Surface soil temperature

LINE 12

1. Number of days to be modelled

continued overleaf...
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LINE 13

1. Julian date

2. Cbservation time

3. Minimum daily air temperature

4. Maximum daily air temperature

5. Relative humidity

6. Cloud cover amount

7. Wind speed

6. Precipitation



18

Table 1.7. conlf.dat, decid.dat and mix.dat files used for W3.

conif .dat: 0.o0.0ooo.o.o.."o.,0zoo

decld. dat: o.5o.1000o..97,o.15.2o00

mix. dat: o.60,1000.0.975,O.125,2000

Interpretation:

1. af, foliage cover fraction (0-1)

2. X, state of vegetation (1-1000)

3. ef, foliage emissivity (decimal)

4. af, foliage albedo (decimal)

5. zf, foliage height (cm).

Table 1.8. lapse.dat file used for W3.

lapse.dat: 2.0.1.0

Interpretation:

1. TMAX, lapse rate factor for daily maximum temperature (*C).

2. TMIN, lapse rate factor for daily minimum temperature (°C).



19

1.2.3 1j,--e.dat:.

The file lapse.dar contains values for TMAX and TMIN. These

are the lapse rate alteration of the maximum (TMAX) and minimum

(TMIN) daily air temperatures. The values for the lapse rate

alteration are those used for the catchment W3 and are obtained from

the literature (chapters 4 and 6, volume 1). If applied to different

catchments the values can be altered if necessary. An example of the

lapse.dat file used for the W3 simulation is shown in table 1.8.



20

CHAPTU 2: OUTPUT

2.1 Ot•L.tkLsý

Table 2.1 shows the output file SNOMO.RES for cell 1, W3, 1988.

The input file used was that shown in table 1.1. The output

variables are considered below in the order in which they appear in

SNOMO.RES and using the titles used in SNOMO.RES.

1. CELL NO.

The identification number of the cell.

2. YEAR

The year of the simulation.

3. JULIAN DATE

Date, Julian calender.

4. SNOWDEPTH

Calculated depth of snowpack (cm).

5. SNOWMELT

Calculated daily depth of snow melted, in both centimetres of

snow and millimetres of water equivalent.

6. SNOWFALL

Daily snowfall (mr water equivalent). The value for snowfall

on the first day of simulation is equal to the initial snowpack depth

and is not related to the amount of daily snowfall.

7. DENSITY

Daily average snowpack density (gcm3).

8. RAIN-ON-SNOW

Occurrence of a rain-on-snow event. 1-rain-on-snow event, 0-no

rain-on-snow event.
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Table 2.1. Sample SNOMO.RES file, for cell 1, W3, 1988

CzLL NO.: I
YEAR: 1988

JULIAN MOMEPTH SNGW4LT S10WFALL DENSITY RAIN-0II-SNCW

DATE (CM) (cM now) (m water) (cM) (G/IM3) (1Cyes, 0"no)

54.00 69.00 0.00 0.00 69.00 0.39 0

65.00 69.15 0.00 0.00 0.15 0.39 0

66.00 69.15 0.00 0.00 0.00 0.39 0

67.00 66.81 0.00 0.00 1.10 0.39 0

68.00 66.88 0.00 0.00 0.07 0.41 0

69.00 71.37 0.00 0.00 4.49 0.41 0

70.00 72.55 0.00 0.00 1.18 0.39 0

71.00 73.28 0.00 0.00 0.74 0.38 0

72.00 73.28 0.00 0.00 0.00 0.38 0

73.00 71.75 0.00 0.00 3.53 0.38 0

74.00 72.78 0.00 0.00 1.03 0.40 0

75.00 73.66 0.00 0.00 0.88 0.39 0

76.00 75.13 0.00 0.00 1.47 0.39 0

77.00 75.29 0.00 0.00 0.07 0.38 0

78.00 75.20 0.00 0.00 0.00 0.38 0

79.00 70.90 0.00 0.00 0.37 0.38 0

80.00 67.05 5.91 24.24 2.06 0.41 0

81.00 61.97 5.45 22.34 0.37 0.41 0

82.00 60.20 1.77 7.26 0.00 0.41 0

83.00 60.20 0.00 0.00 0.00 0.41 0

84.00 58.35 1.85 7.60 0.00 0.41 0

85.00 55.32 3.03 12.42 0.00 0.41 0

86.00 50.89 4.43 18.14 0.00 0,41 1

87.00 54.10 4.68 19.13 7.87 0.41 0

88.00 54.96 0.00 0.00 0.88 0.39 0

89.00 54.96 0.00 0.00 0.00 0.39 0

90.00 52.25 0.00 0.00 0.00 0.39 0

91.00 47.58 4.67 19.14 0.00 0.41 0

92.00 43.43 4.16 17.04 0.00 0.41 0

93.00 38.68 4.75 19.46 0.00 0.41 0

94.00 34.08 4.60 18.85 0.00 0.41 1

95.00 30.26 3.83 15.69 0.00 0.41 1

96.00 25.42 4.84 19.83 0.00 0.41 1

97.00 19.96 5.46 22.38 0.00 0.41 0

98.00 14.72 5.24 21.49 0.00 0.41 0

99.00 9.87 4.85 19.88 0.00 0.41 1

100.00 4.00 5.88 24.10 0.00 0.41 1

-, • m _ -iim i-g -llg~l
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CHAPTER 3: POGROOAI DETAILS

3.1. Prosramme structure.

Chapter 4, volume 1, considers in detail the equations used by

SNOMO to calculate snowdepth within one cell. This chapter presents

the programme logic that enables these equations to be utilised and

to interact successfully. Figure 3.1 shows the SNOMO programme

logic. SNOMO broadly consists of 2 sections:

(1) Control programme.

This is responsible for the determination of he type of

precipitation, the calculation of melt, the calculation of the affect

of a rain-on-snow event, the calculation of the heat flux across the

ground/snow interface (Qg), various operational markers, the

calculation of the depth of the snowpack and the physical

characteristics of the snowpack, the model input and the model

output.

(2) Algorithm to calculate the majority of the components of the

snowpack energy budget.

This algorithm is responsible for the calculation of the

snowpack energy budget components K4, Kt, L4, Lt, Qc and Qe and the

snowpack surface and internal temperatures. The algorithm is adapted

from the US Corps of Engineers Terrain surface Temperature Model

(TSTM) as developed by Balick et.al. (1981a & b). The basic

equations used by the original TSTM remain the same as in the

modified TSTM. TSTM has been heavily modified from its original

state as presented in Balick et.al. (1981a & b) and has also been

incorporated into the logic structure of SNOMO. The logic structure

of TSTM is shown in figure 3.2. TSTM is operational for situations

where a vegetation cover is present or absent. Vegetation cover is

modelled using a vegetation cover algorithm, VEGIE, within TSTM.

The relationship between TSTM and VEGIE is shown in figure 3.3.
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In block 1 the model is incremented one time step or initialized, or

terminated) in accordance with procedures established for TSTM. In

block 2 the decision whether to utilize VEGIE or not is made. If

VEGIE is not used a non-vegetated surface energy budget is evaluated

as an upper boundary condition (block 3) for the solution of the

equation of heat transfer through the terrain materials (block 6).

The solution for the surface temperature (block 7) comes from the

evaluation of the surface energy budget equation and therefore to

solve the heat transfer equation. In order to achieve this the heat

conduction term and the distribution of heat in terrain materials

must be calculated (block 6). If VEGIE is used, the energy budget of

block 3 is replaced by blocks 4 and 5. Blocks 4 and 5 comprise

VEGIE. Block 4 calculates the energy budget for the foliage that

includes a contribution from the ground surface. Block 5 calculates

the energy budget for the ground surface that includes a contribution

from the foliage layer.

Solutions of temperature for the foliage (from block 4) and the

ground (from block 5) are performed by a simple root-finding

algorithm and are combined according to the proportion of foliage

cover to yield an average, or effective, temperature of the vegetated

surface. The ground energy budget is then used in the evaluation of

heat flow in the terrain (block 6), and the programme returns to

block 1.

3.2. Additional information.

SNOMO can be altered very simply in order to produce, in the

output file, the hourly energy budget values for the snowpack of K4,

Kt, L4, Lt, Qc and Qe" The alterations are found under the heading

'OPTION 2' in the hardcopy of the programe (section 3.3.)

The absence of a mass conservation routine was discussed in

volume 1. A mass conservation routine has been written and tested

(chapter 7, volume 1) and is included in the hardcopy of the
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programme (section 3.3.) as 'OPTION 3'.

3.3. Programme code.

Copies of snomo.f, snomo.dat, decid.dac, conif.dat, mix.dat,

lapse.dat and SNOMO.RES are available on the floppy disc inserted at

the back of this volume. A fully commented hardcopy of the programme

code is presented in the following pages.
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C SN0.F. JUNE 1991

BY

ZATHERINE N. SAMBLES
C .......... .........---- --- --- --- --- --- -- --- --- --- --- --- --- --

C

C THIS IS A DISTRIBUTED PEYSICALLY-BASED SNOW@ELT MODEL. SN(MO.F IS

C DESIGNED TO OPERATE IN CONJUNCTION WITH A GIS DECISION AND DATA

C MANIPULATION STRUCTURE WHICH DIVIDES THE CATCHMENT THAT 1 TO BE

C 1DEZLLED INTO HOMENEOUS SUBDIVISIONS, CALLED CELLS. S3XO0.F

C CALCULATES THE ENERGY-BUDGET OF THE SNOWPACK AT THE MID-POINT OF

C ONE CELL AND CALCULATES THE RESULTANT CHANGE IN SNOWPACX PROPERTIES

C AND IELTAATER RUNOFF. USING THE RESULTS FOR EACH CELL AND THE GIS

C STRUCTURE A MAP OF TOE SHOCOVER DISTRIBUTION AND DEPTH DISTRIBUTION

C CAN BE OBTAINED. SNOMO.F IS DEVELOPED FROM THE WES MODEL TSTM AND

C THE SUBDEL VEGIE WAS INCORPORATED INTO S•KNO.F IN MARCH 1969 WITH

C THE HELP OF DR. RANDY SCOGGINS, WES.

C

C SIGO.F IS DIVIDED INTO 2 MAJOR PARTS:

C (1) THE MAIN PROGRAM. THIS CALCULATES MELT, MANIPULATES THE

C SNOWPACK DEPTH AND PHYSICAL CHARACTERISTICS AND HANDLES THE

C MODEL INPUT AND OUTPUT.

C (2) THE SUBROUTINE THIN. THIS CALCULATES THE COMPONENTS OF THE

C ENERGY-BUDGET OF TEE SNOWIPACK.

C smom.F REQUIRES TiH DATA FILES SNmao.DAT, LAPSE.DAT. DECID.DAT,

C MIX.DAT AND CONIF.DAT IN ORDER TO OPERATE. THE OUTPUT FILE IS

C SNOMO.RES. A FULL LISTING OF ALL THE VARIABLES USED IS INCLUDED

C AT THE END OF THE PROGRAM CODE.

C THERE ARE 3 CODE OPTIONS FOR SNPOO.F:

C OPTION I IS THE DEFAULT OPTION. OPTION 1 IS UTILISED UNLESS OTHERISE STATED.

C OPTION 2 GIVES AN OUTPUT OF HOURLY ENERGY-BUDGET VALUES.

C OPTION 3 INCLUDES A MASS CONSERVATION ROUTINE.

C

C -----------------------------------------------------------------------

C

C INITIALISATION. DECLARATION, DATA STATEMNTS.

C

CCOMON/MAT•XI/mC(30. 10).TYY(30, 10)

CM4Nt/'MTIQ21DEPKI1(2,2) ,DEPDU2(3,2)

COM /fMIMATPZ3/TUI=((1.6),TIIDU(2.6)
COM/VICT/"NZ1iS3 F (l,6) ,VOLDSN(1,6)

COrIM•N/TSIT1/PZS . 'CLOUD. ZA. SLOPE 1, SURFC1, DAY. LAT

COMrI/TSMZI/ONMTL .NIPTS

COHMNI/VOIIVEG, SIG.F STATE, EPALO,BHFO.

in/OKRAIN/IA RTP

COMMO/SmR/SmR(6)

REAL NPTNN, CRITDPBCAPSN,DENSN,

"& D .CAIW,LUEATF.DEPT*, •E.NETRAD.,AVSTP.

"A AVBTTP, PPTN. DATI, LAT, TGM, TOM, TABSOR, TATI, THTE,

& TD/4,'IOIL( I * 6) ,Ti1,W[NiB ,.iS ,UOTTPShP.XUUT?.

& SP.TISPUINiDPl.MXoINI
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INTSOU I .J,3,K.K2,.3 ,K10I.K30.KIMTL, ILAPSE. IVG, ISNOW,

A IRAIN.CELL.YZAR

C

C LATENT SEAT OF FUSION 1 0.334 KT4kgI
1

C SPECIFIC REAT OF ICE IS GIVEN IS Klkg K - 2.102+3 Jkg K

C SPECIFIC NEAT OF WATER IS GIVEN IN 23ksg-°K°1 - 4.18E+3 Jksg .K-

C

DATA DUW.CAWEWA• .L.ATF/1000.0.4.21,2.09.0.334/

DATA SPUTI,SPBTW/0.0021.4.18/

DATA TOTTIM.T M. TPRIT/1.1.0.60.0/

3NiN10

11COIF-11

LAFPSE-12

NDMCID-13

"OUTJ-
OPEN(UNIT-NIN,FIE-' SNIMO. DAT ,STATUS-'OLD')

REWIND SIX

OP•N(UNIT-N IF, FILL-' CCIF.DAT' , STATUS-'OLD')

REWIND NCONIF

OPEN(UNIT-NLAPSI,FIL,'-LAPSE.DAT' * STATUS 'OLD°)

REWIND 1LAPSE

OPENI (UNIT-NDECID.FILEZ-DECID.DAT ,STATUS=- OLD')

REWIND NDECID

OPFU(UNIT-4.FILE-'NIX.DAT',STATUS-'OLD )

REWIND MIX

OPEN (UNIT-NOUT, FILE-'SMD. RES)

REWIND NOUT

C

READ(10.*)CELL,TEAR

C

C VECTORS VNVWSX, VOLD[S AND VSOIL CONTAIN TUE PHYSICAL

C POPERTIES OF NW SNOW, OLD SNOW AND SOIL RESPECTIVELY.

C VECTO"(1,l1)- 0.0

C VECTOR(1,2)- SNOW/SOIL THERMAL DIFFUSIVITY, c.m21n.-
C VECTOR( 1,3)- SNOW/SOIL BEAT CONDUCTIVITY, calca-2 min - K-1

C VECTORCi.4)- SNOWISOIL EMI58IVIY, DECIMAL

C VZCTOR(1.5)- SNOW/SOIL ALBD. DECIMAL

C V•CTW(1.6)- SIMISOIL DENSITY, gca-3

C
READ(IO, ) ( (YINU(I, J), J-1,$), I-1,1)

READ(1O,') ((IDLDSN(I(,J), J-1.8). I-1,1)

RLEAD(1O, *)C(VSILCI, J).J-1.8), I-1,1)

RZAD(10.*)PESS,NCLOUD.ZA

READ(0,',)SLOU , SURFCl,DATILAT

REA(lo,-)IAPSE

R.AD(10.*)111

RZAD(IO1*)0DP1

C

C I= ODETNZU 011 VNTATION DATA FILE IS USED:

C r1101. CO11.DAT (CONfIFROUS DATA)

C IV02. DZCXD.DA. (DECIDUO. DATA)
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C IVRG-3, MIX.DAT (MIXED DATA)

C rVZG-Co NO VEGETATION DATA FILE IS USED, THE VEGETATION IS

C MOEI.LED AS PASTURE (OPEN) ADD CLEARUT.

C ILAPSE DETERMINES WHICH ELEVATION DATA FILE IS USED TO

C MODIFY THE AIR TEMPRATURES WITH LAP RATE. THE PRESENT

C USE OI ILAPSE REFES SOLELY TO TIE APPLICATION OF SNiOO.F TO

C THE W3 CATCENT.

C ILAPSE-0. ELEVATION LAND 1500-2000FT. THIS IS THE ELEVATION

C BAND OF THE METEOROLOGICAL STATION THAT PROVIDES THE INPUT

C DATA, THEREFORI NO CHAGES ARE MADE TO THE AIR TEMPERATURES.

C ILAPSE-1, ELEVATION BAND 1000-1500FT. THIS INCREASES THE

C MAX. AIR TEMP. BY 2"F AND THE MIN. BY 1F.

C

IF(IVEG.EQ. 1)THEI

READ(If. *)SIGF, STATE. EPP ,ALBEDO, HEFOL
ELSE

IF(rIWO. EQ. 2)THEN

READ(13. -)SIGF PSTATE, EPF,ALBEDO, HFOL

ELSE

IF(IVEG. EQ. 3 )THEN

READ( 14, *)SIGP. STATE, ZPF, ALBEDO, HFOL

END IF

Ein IF

END IF

IF(ILAPSE.GT.0 )THEN

READ (12, *) TIAX, TMINq

END IF

READ(10.*)CRITDP

READ (10 *)SOILDP, SOILTP, SSOLTP

READ(10,*)N

C

C N- NU•BER OF DAYS TO BE MDELLED IE. NO. OF DAYS IN DATA FILE

C MINUS ONE.

C DAILY METEOROLOGICAL DATA.

C ZXX(C.8)- JULIAN DATE

C m=(1.1)- OBSERVATION TIME, 241R CLOCK

C YYY(C,I)- MINIMUM AIR TEI•RUATURE, "C

C YYY(1.9)- MAXIMUM AIR TEIPERATURE. °C

C YTY(1,2)- RELATIVE HUMIDITY. 2

C YYY(1.3)- CLO" 0OVE. 0-1

C nYY(1,6) WIND SPEED, w/o

C YTY(I,7)- PRECIPITATION, -m WATER

C

READ(10,*))((1.8) ,=(I.I) ,oTY(1, 1) .YYY(1.9) .YYY(I.2).

"& YYY(1,3),YTY(,T6),YTY(1.7)

UEAD(10.*)UD(2.6) ,UD(2.1) ,TYT(2,1),YYY(2,9).,YY(2.2),

"& YYY(2.3),YYY(2.S),YYY(2,7)

C

C SIMPLE MODIFICATION OF AIt TEMPERATURES FOR LAPSE RATE

IF(ILAPS2.40.O)TON

GOTOS
ElSE
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C CONVERT *C TO "F

YYY(.1)-( (YYY(l.1)*9.0)/5.0)+32.0

YrY(1.9)-((YYY(1,9)*9.0)/5.0)+32.0

YYY(2,1)-((YYY(2.1)*9.0)15.0)+32.0
YYY(2,9)-((YYY(2.9)*Q.0)/5.0)+32.0

IF(IIAPSE.E. 1)T'M

TYY(1,1)-YYY(1,1)+TMIN

YY(1.,9)-YTY(1.9)+MHAX

YYY(2,1)-Y'Y(2.1)+TMIN

YYY(2.9)YYT( 2,9)+T4AX

ELSE

YYYCl1,1)-YYY(Y1.1)-TImN

YYY(1.9)-YYY,'1.9)-2HAX

YYY(2,1)-YC(2,1)-TMIN

YYY(2,9)-YYY(2,9)-THAX

END IF

C CONVERT *F TO *C
YYY(1,1)-((YYrY(1,1)-32. o)/9,0)-5.0

Y!Y(1,9)-((YY,(1.9)-32.0)/9.0)*5.0

YYY(2,1)-((•Y'(2,1)-32.0)/9.0)*5.0

YYY(2,9)-((YYY(2,9)-32.0)19.0)*5.0

ENVD IF

C
C THE SNOWDEPTH MID THE PHYSICAL PROPERTIES Or THE

C SNOWPACK ARE HELD IN THE MATRICES DEPIHI, DEPW2

C (HOLDING THE SNOWDEPTS AND CORRESPONDING TEMPERATURE)

C AND THMXl, THRIU2 (HOLDING THE THICXNESS OF THE LAYERS

C OF THE PACK AID THE CORRESPONDING PHYSICAL PROPERTIES,

C I1. VNE•ISN R VOLDSN). THE NIUMERS 1 AND 2 REFER TO

C EITHER A 1- OR 2-LAYERED PACK. FOR A 1-LAYERED PACK

C M4A&TL-1 AND NIPTS"2, FOR A 2-LAYERED PACK NIOATL-2,

C NIPTS"3.

C SET 2-LAYER SNOW THICKNESS MATRIX TO ZERO

C SET 2-LAYER DEPTH MATRIX TO ZERO

C

5 DO 20 1-1,2

DO 10 J-1,6

THXMX2(I.J)-0.0

10 CONTINUE

20 CONTINUE

DO 40 1-1.3

DO 30 J-1,2

DEP2(CI,J)-0.0

30 CONTINUE

40 CONTINUE

C

C SET CONTROLS TO ZERO

C bW.ITE HEADER FOR RESULTS FILE

C

SNVOL-O.0

DEPTHla. 0
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K2-0
[25-0

mRITE(9.*)'CELL NO.:' ,CLL

RIITZ(9.*)'YEAR: ',YEAR

WRITE(9,*) 'JULIA SNOWEPTH SNOMIE.T SNOWFALL

& DENSITY RAIN-OP-8N0'

WRITE(9,*)' DATE (04) (CM SNOW) (14M WATER) (C4)

& (G/N**3) (1-YES, 0-NO)'

C

C DAILY CALCULATION LOOP

C

DO 5001 L-1,N

K1-Kl+1

K30-0

NELVIN-YYY( 1,1 )+273.15

PPTN-YYY(1,7)

AIRTP-YYY(1,1)

DOATE-=X((1,8)

TIDE2-3)(2, 1)

C

C LOGIC STRUCTURE TO INITIALISE SPOWDEPTH

C

IF(K3.EQ.2)TEEN

K2-0

GOTO 57

ELSE

IF(PFII.GT.0.0.AID.AIRTP.LT.0.0)THEN

SNPPTN-(PPTNx/vNwf8(1,6) )/10

END IF

END IF

IF(Ki.EQ. 1)TUEN
K12-0

SNPPTN-,SDP1

END IF

DEPTB-SNIPPWE"PT

IF(DEPT. GE .CRITDP)T=E

IF(DEPT .6? .CRITDP)TMi

NCMATL-2

KIPTS'3

DEPU2( 1, 1)-a.0

DEPX2( 1.2)-AIRTP

DEPMZ(2,1)-S.0

DEUUZ2(2.2)h11?P

DzR=(3 I 1)-S4NPpT

DEIg2(3.2)-6SOLTP

XSVTP-((DE]lM((1.2)+D3Pl6X2(3,2))/2)+273.15

DO 53 J-1.6

TMfl2(,J)-YNDN~(l,j)

TiM(2.°)-VL.DUN(1. J)

53 CONTINUE
TiII(1,1).,5.0
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TUMU2(2. 1).-SPPTN-5.0

MIOATL-1

NIPTS-2

DEIPPKI(1, l)-, .0

DEUMIC1,2)-AIRTP

DEUI (2. l),DEPTR

DERKI(C2,2)-SSOLTP

XSYT?-((DEPMCI(1.2)+DERU• (2.2)) /z)+273.15

DO 54 3-1.6
TU=1(1.,J)-VIC(1,J)

54 cONTINUE

TM291(1,1)-DET
ED DIF

ISNOw-ISNO1

X25-0

K3-1

K2-1

GOTO 57

NGEATL-1

EIPTS-2

DO 56 J-1,6

TMI1(1.J)-VSOIL(1,J)

56 ONTINUrE

TMUD1(1,1)-W0ILDP

DER•IC(1,1)-0.0

DEPt4I(1,2)-AIRTP

DEXU1(2, 1)-SILDP

DERU1(2,2)-SOILTP

K3-O

K200

ZED IF

C

C CALL SUEROUTINE CSFRQ, TO CALCMATE SFRQ

C

57 CALL CSFRQ(II)

C

C SET DEPTH MATRICES AND VARIABLES TO ZERO

C

IF(901MTL.EQ. 1)TUEN

DO 59 1-1,3

DO 58 J-1.2

DXEU2(I,J)-0.0

58 COhTINUE

59 CONTINUE
Elm

DO 61 1"1,2

DO 60 3-1,2

DOM (I. J)-o. 0
so CONTINUE

61 CONTINUE
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END IF

AVSTP-O. 0

STP-0. 0

AVSOLO. 0

AVGUR-O. 0

AVABSR-. .0

AVATERO.0

AVETER-0. 0

AVDTTr-o. 0

AVBTTP-0 .0
BOT7P-O. 0

C

C CALL SUBUTINE TSIH. TO CALCULATE THE SHOR.TWAVE. LOWAVE, LATENT

C HEAT AM SENSIBLE HEAT ERCHANGES AT THE SURFACE OF THE SNGIPACK AND

C HEAT TRAINSPORT THOUG THE PACK. IN SNQO TSTH CAN MODEL THESE

C ECHCANGES FOR EITHER SNOW R SOIL.

C

CALL TSTH(I. 'V , 'N' .KIO,AVSTPAVSOL AVGURAVABSR.AVATER,

& AV•'YH ,.AVDTER,K2,AVBTTP, TOM, TSOL , TABS(R,

& TATER4, THTERi, TDTEU4)
C

C PROGRAM CONTINUES IF SNOW WAS MODELLED BY TSTM, JUMPS TO THE NEXT DAY

C IF SOIL WAS !W)ELLED

C

IF(K3.EQ.O)THM

am0 9000

ELSE

K3-1

END IF

C

C CALL SUUl1TIfZ CHILT, TO CALCULATE THE MELT RATE. THE ENEG

C INTRODUCED TO THE PACK BY RAIN (PTERM) IS NOT INCLUDED AT THIS STAGE

C MELT RATE IS CALCULATED IN C04 OF SlW AND M OF WATER EQUIVALENT.

C

PTER-.0

CALL U•LT(I.N.NETRAD.PTEI, TSOLTGBR,TABSOR.

& TATJ4,THT4,TDTE4,PPTNDEZNSI ERWIZRSN.GT M,,DENW,DEPTH,

& AVSTP,AVBTTP,XSNTP,SPETI ,K30)

IRAIN-0

C

C CALL SUNOUTInE RAIRMP, TO CALCULATE THE ENERGY INTRODUCED TO THE

C MELTING PACK By RAIN, IF RAIN OCURED. THE MELT RATE IS RECALCULATED.

C

IF(PPTN.GT. 0.0.AND.AIRTP.GT. 0.0)THEN

IF(m1.GT. 0.0 )THEN

IRAIN-1

CALL RAIXEP(I, ,PPTN. PTZMDEMw.K30)

CALL COLT(I.N.NTRAD. 1TMl,TSCL.TT,TAZSO,

a TAT=. TETUT, TDT(., PP1T", DDOIUE NGT4,DfhW,

& D ,PTUATSTP,AT'TTPXSNTPPITI, K30)

END IF
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C

C CALCULATION CO SNOWFALL 1F NOT FIRST ITUEATION OR SOIL NODELLED

C IN THE 1•'MI OS ITERATION.

C

IF(AVSTP.GT. 0.0 )TEEN

AVSTP-0.0

END IF

IF(K2.EQ.0)TBEN

IF(PPTN.GT.0.0.AND.AIRTP.LT. 0.0)THEN

SNPPTN-(PPTN/VNEWSN(1. 6) )110

X25-0
ELSE

SNPPTI-O. 0

125-X25+1

END IF

END IF

C

C LOGIC STRUJCTURE TO ALLOW FOR THE EFFECTS OF SNOWFALL

C

IF(K1 .IQ. 1)TMM

DER•Z2(1.2)-AVSTP

DEfiUC(3.2)-AVBTT?

DE3K2X(2,2)-((DEf4 M(2o1)/DEPT )*(AVBTTP-AVSTP))+AVSTP

GOTO 3000

END IF

IF(SNPPTN.GT. 0.0)THEN
IF (MONAM. 0. 1)THE

IF(TUC11(1,2) .EQ.VNDUS((1,6) )TUEN

IF(ISNOW.GT. 0)TNEN

TMIU(1(1.1)-,,in•ll 11)+SNPPTN

DEPTB,,EPTDBIS51T3

DEMtEl4(2, 1)-DEPT

D•K1K(I1.2)-AVSTP

DERP1 (2.2)-AVBTTP

GOTO '.000

ELSE

WzlE(TNDR(1,1)*10)'INUUN(1,6)

DEPT1]-N(E1/VOlDSh(11,S) )/10
NONATL-2

NIPTS-3

DO 70 J-1,6

TMU22(1.J)-VNZUV( 1.J)

T'DC2(C2,J)-VOLDU( 1,J)

70 CONTINUE

TIM2 (1.1)-SUITN

TM (2.1 )-IDEzP

DE1TU-SNPPTN+DgPTU1

DEZl1( 1,2)-AVST?

DERMI1(3,2)-AV1TT?

D1RM3f(3. 1)-DEPI'

D•EI(I2,1)-T, C( 1 . 1)
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DIRU2(2.2)-( (DZP(2. 1) /DEPrT)* (AVBTTP-AVSTP))+AVSTP

O010 3000

mN IFEmOZ

NM4•k'L-2

UIPTS-3

DO 80 3-1,6

•62( 1,J )-VND3 ( 13 )

TD•2(2. J)-VELDSN( 1.3 )

so CONTINUK

TBKM2(C 1 1)-SNPPTN
TM=D (2,1)-D)E1P

DEPTH,,-Dn9+SNPMT

DE '2C(l2)-AVSTP

DIEP•2(3 . 2)-AVBTTP

DEPMU2(3,1)-DEP'h

DEHZCl2.1)-1UU2(l, 1)

DEUPIM (2.2)- ( DEPIC(2.1)/DEPTH)*(AVBTTP-AVSTP) )+AVSTP

0O02 3000

END IF

IF(I6UWM.GT.0)IUN

T• 1U . 1)-TDIHK i2,( 1)+SNPfTN

DEPTI1,DEFP?+SNPPTU

DEH•U2(3,1)-DEP M

DELI,2 (2,1)-Th2(1. 1)

DEPM(2.2)-AVSTP

DI,9(2(3.2)-.AVBTTP

DEfl2U(2.2)-((DEMPX2(2,1)/DEPTH)*(AVBTTP-AVSTP) )+AVSTP

GOTO 3000

k'El-(TMCKUa•( 1,1 )*lO)*VlESN(1,6)

DEPTHI-(EI/VOLDSW(1,s) )110

TUI(2 ,1I)-TMI'I(2, 1)+DZPT81

IU W(I,1)-SNPPTE

DEPTU'-TUDU(2, 1)+THKUX2(1, 1)

DZEU2(3, 1)-DZP'

DE42 (2,1)-TBM 2( 1,1)

DElU2 ( 1. 2)-AvsTP

DZPMXZ(3.2)-AVS2TP
DEHU((2,2)-((DE1U2 (2, 1)/DZPTH) *(AVBTTP-AVSTP) )+AVSTP

00O0 3000

D IF
END IF

l"P( II%1•1.. Q. 1) 11=

Z1(TlU1(1,2) .IQ.VX=UI(1.6))THEN

IFIUU IlOHq.0E. 1 )23"5l

DEPI•R (.2)-AVST?

Dtlgl(2,2)-AV3TWP

0010 4000
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kIU1(TK1O'(I, 11)* 100) *VniDxsC 1,6)

OWLDl1-(Wzl/VLDWe(l,G) )/I10

OEITH-DEMT1

DO 250 J-1.00
T1moC(1,J)-vmUNsx(C.J)

25o0 COTINUE

TaD~i (1,1)-DEPTS

DEZPM(1.2)-AVSTr

DEg1(2.2)-AVBTTP

DEPUl(2,1 )-DE•PT

GOTO 4000

END IF

ELSE

DEftUI(1,2)-AVSTP

DEPM1C2.2)-AVBTTP

GOTO 4000

END IF

ELSE

IF(ISNOW.GT.0)TUzN

DEMH2(1,2)-AVSTP
DEF=2 (3.2) AVBTTP

DER (2.2)-((DERMt2,( 1)/DEPrB)*(AVBTTP-AySTP) )+AVSTP

GOTO 3000

ELSE

WE1((TJ•U2(1.1)*100)*lEW~S(1.6)
DFPTNI-(WEIOLD(1.6)))/1O

DEPTH-DEZPTf1+TZ=(z2,1)

NOHATL,1
KIPT'S"2

DO 350 J-1.6

TM=1(1.J)-VOLDS(I1.J)

350 COTINUE

TlI.(1,1)-DEPTU

DEUU1( 1,2)-AVSTP

DEHM1(2,2)-AVBTTP
DE•X1(2, 1)-DEPTB

GOTO 4000

END IF

END I7

END IF

C

C LOGIC STRUCTURE TO ALLOW FOR THE EFFECTS OF SNIOMELT

C 09 A 2-LAYE PACK(.

C
3000 IF(DE•T.LR.5.0)T=

GOTO 5002

END 17

C OPTION 3-MASS CONEVATIO NOUTIN.

C IF OPTION 3 REQUIREIND IN T W CONSEVATION ROUTINE TO REPLACE

C ALL CON BETWEE TUE -***LIN*I .

C
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3001 IFU(R,. z.DI1P11 )!TN

O10O 5002

ILSZ
IF (IMM. I.£.0.0 )'/'ENl

DZE2( 1.2)-AVSTP

DZPMU2( 3,2)-AVBTIrP

DE•IU2 (3, 1)-DEPTH

DE!91C2(2,1)-Th 2(1,1)

DEfl,(2.2)-((DEPF"2(2, 1)/DEPTh)*(AVBTTP-AVSTP))+AVSTP

ThDUK2(2, 1)-DEPTH-T2(1, 1)

GOTO 3500

ELSE

IF(CMSI.GE. T=2C(, 1) )THEK

IOMTL-1
NIPTS-2
DO 400 J-1,6

TEIC=1(1. J )-VODS( 1. )

400 COrTINUI

DZPTB-DZP1U-USU
TIB•I ( 1,1 )-DEPTR'
DRIn(gi 1.2)-AVT

DKHUC(2.2)-AVS?

DEPIlC(2,1)-T!•gl(1.1)

ELSE
TMDU2( 1.1 )1U2( 11) -)-kSu

DUMMU (1,1)+ThD,2C2.1)
DZP?=2(l,2)-AVSTP
DERU2(3,2 )-AVSrM

D11g2 (3,1 )-DEPTE

DIIYK2(2. 1)ENU(1. 1)

D]H42(2.2)-((DER=2(2. 1)/DEPTH) (AVBTTP-AVSTP) )+AVSTP

Elm IF

3500 G01O 5000

END IF

END IF

C

C LOGIC STRUCTURE T1O ALLOW FO THE EFFECTS OF SNHOWlLT

C 0O A 1-LAYER PACK.

C

4000 IF(DEPTE.LE.5.0)THE1

GOTO 5002

END IF

4001 IF(?RN.GZ.DE)IPD )TUE

00105002

IFC(IS.LI. 0 .0)1M

D C•MI(1.2)-AVTP

DZPK1(C2, 2)-AVID!?

ELSE

DPM1(1.1)-TM l 1l

SJ,,f, un am ai m D a iI l
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DEMKI( 1.2 )-AVSTP

DEDUMX(.2)-AYDTTP

DZPM1(C2,1)"TBnMIn (1.1)

ENDIF

END I?

C

C IF TOP LAYER OF 2-LAYER PACK IS "104M THICK TUN PACK IS
C CONVERTED INTO I-LAYER PACK.

C

5000 IF(CO4ATL. EQ. 2.AND.TEO=2(1,1) .LT. 1. O)TH]Y

DZPTB-TBXM22( 1,1)+T3U(2, o1)

wwITL1I
NZF?3-2

DO 450 3-1,6

THEK1(1,J)-VLDSN(1,J)

450 CONTINUE

TMUDI(1.1)-DErPT

DEM1 (2. 1)-DEPTH

DEIM1(1.2)-AVSTP

DE1MUI(2.2)-AVBTTP

END IF

C

C MELTRATE CANNOT HE NEGATIVE.

C

IF(MwSN.LT.O.O)THEN

MRSN-0.0

END IF

IFC(IMW.LT.0.0)TBEE

MemZ-o .0
END IF

550 FOR4&T(6P6.2)
555 FORMAT (V26.2)

C END OF OPTION 3 CODE INSERTION.

C
C

C READ IN NEXT DAILY DATA LINE. SHIFTING EXISTING BOTTOM

C DATA LINE TO THE TOp. EXIT PAM IF LAST DATA LINE

C REACH.

C

9000 1YY(2,6)-YYY'(2.6) /100.0

YYY(2,2)-YTY(2.2)*100
X=(I,6)"X=(2,S)

M(1, 1)"TD2

TYY(1.1)-YrY(2.1)
YYT(I.2)YT!Y(2.2)
YTY(1.9)-YTY(2.9)
YTY(1.3)!YYT(2.3)

YTT(1.6)-TY(2,6)
YTT.1.7)-.TY(2.7)

]0[(2.)-0
mmu(,1)..0
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Y11(2.1)-0

Y11(2.9)-o

111(2.2)-,

Y1Y(2.3)-0

11C(2,6).0

Y11(2.7)-C

IF( J.I Q. 1)1in

0010 5002

YYY•( 1,1)-YYY(I. 1)-273.15

1Y(1,g9),YY (1.9)-273.15
Rl.( 10. *)XX]((2,8) .X)O(2.1 ) ,YYY(2,1), YYY•(2,9) ,Y(2,2),

& Y1Y(2.3),11C(2.6) ,11(2.7)

c

C C(NVERT AIR TE4PERAI"ME FO LAPSE RATE

C

IF(ILAPSE.EQ.0)TMM
001O000
am 90
ELSE

C CONVERT "C TO oF

YYY(2, l)-( (YT(2.1)*9.0) 5.0 )+32.0
YYY(2,9)"((YrY(2.9)*9.0) / .•.)+32.0

IW(ILAPSE.RQ.1)TBi

YYY(2, 1)-Y11(2, 1)+4MI1

Y"Y(2.)-"YY(2.,)+-AIIX

ELSE

Y (2.9)-,1Y(2,9 )-11HAX

END IF

C Co'VERT "7 TO "C

Y"1(2,1 )-((TIT(2,1)-32.0)/9.0)*5. 0

Y1Y(209).((YYY(2,9)-32.0)/O.O)*5.0

EDO IF
C

C RZINITIALISATION OF CERTAIN VARIABLES, WRITE OUT RESULTS.

C

90 IF(K2.ZQ. 0)'M

II(SNMTI.GT.0.0)TM

ELSE
ISNOW-.0

END IF
AI'RTP,,-'YY(l1.1)

KILVZP-1Y(11. 1)+273.15

PFIle-TYT(1.7)

D0AThB( 1 * 6)
ZoTzRL,4 n,+1

WMR 3- .S K
WLU1T3(0 ,333 )DSA'T'-1, .DllTLM,PGI,SU ll U,.,DUDS)I, ThAI
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333 F4MT(FS.2,.1,F6.2,4X.FS.2.4X,?F.2,4XF6.2,7X,F6.2,5XI3)

5001 CONTIIU

5002 wT (g9,*)I'M4 ?i TEIIATI0U

,TO.

'ND

C

c------------------- ---------------



49

C

C SUIBRUTrI OI.T
C-

C T$IS CALCULATIS THE MMTRATE IN 04 OF S114AMD 15 OF WtATER EQUIVALEIT.

C THE DENSITY !OF THE UMOMACK IS CALCULATZD IF THE PACK IS A 2-LAYERED

C PACK. HOLT 1S CALCULATED TUSUIN S10W ENGY-BUDO•E. MOST Or

C TRU CO TS OF TUE S INTRGY-IUDGET ARE CALCULATED BY TSII, TUE

C ECEPTIOMS ARE PThI AID DMES. TUE ENRY UNITS ARE NJ. 2day"1

C

SUBROUTINE COLT(I .N .NETRAD . FTmI, TSOL " TGR. TASSOR,

& TAT4.TNTE.I. & , Ff1 .DS 10i0" .1511 .GTin, DEWd. DIFT,

& AVSTP,AVBTTPSISrTPSFTI ,X30)

CMNhI4OATiN2/DElP1(2.2) .DEFI•f(33,2)

CONIN/ATIOM /TMD•l (1. 6)) ,TUDUZ(2.6)

CCN /TSIM/3rJATL NIFPTS

REAL LNZATF ,NETRADIE,MR•3, DEPTM. DESN,A. , C. D,

& XI "P2 .DELQS ,DZLU•, DELRSN.,XSNTP

DATA LUEATF.,APW,CAPS N/0.334 .4.21,2.09/

GTEMI-0 .0

C

C CALCULATION OF TUE DENSITY Of SPO

C

IF(NMTL.UQ. 1)TUP

DUNSN-T3DUl(1,6)

ELSE

A,,T!ND (1.1)/DEPT!

B-TUlIwZ(2,1)/DEPT!

C-AaTM ((1,6)

D-3T•*ID 2 (2.6)

DEXSN-C+D

END IF

C

C CALCULATION ON DOF IN Joh
2
day-1 THEM CONVERTED TO Kim -2 d-1

C

IF(K3O.ZQ. 1)TEEN

X30-0

aOTO 10

ELSE

XSNTI-XSNTP

XwT-c ((AVSTP+AVSTTP)/2)+273.15

DELQS-( (DZP*0.02) (DMSSN*1000))*((SPUTI*XSNTP)-

& (SFUTIqXITP1))

END IF

C

C CALCULATION OF UIM EN•Tz-SUDE TOF TO E SNON•ACK AND THE KELT RATE.

C MULTIPLY MWE BY 1000, SO THAT RESULT 18 IN M4 WATUER.

C MULTIPLY Iu BY 100, 10 TEAT RESULT IS IN 0C4 5Sf.

C

10 XZTRAD-TSL- (T9O-TAIMSO)+TAT4-TGlR

DEI4I.N IU~btTDT44TITII��4 T'DELQS

DULJMBO(DIIF/ (LUEATP*DUW))*1000

DELltJ (D0,W1 I (LBEATFJr*3(DU, 1000)) )*100
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MLSP"DZMi

C-
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C

C SUwUTln AI4F

C -

C CALCULATES THE ENERGY INPUT TO THE PACK BY RAIN FALLING ON

C A IMLTING PACK AT OGC. THE EQUATION IS TAKEN FRfN MALE &

C GRAY (1981). THE UNITS ARE hKIM-2dy-1.

C

SUROUTZM RAZIW( I, N. PPTN. PTaZ, DEW. 30 )

Crj*K2IRAIN/AIRTP
RE•AL P7l•

DATA LBETF. BCAPiSN,BCA/0.334.2.09,4.21/

DATA SPUTW/4.18/

PTEL4"(DVAWSPHf"•AIRTP*PPTN ) /1000

PTiIM-rPTI11000

130-1

RETURN

END

C

n- n n C-------nu-n--- mn------------------------------------- ----- .. .
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C SUBROUTINE CSFRQ

C -

C CALCULATES SFRQ, THE VERTICAL GRID SPACING IN EACH

C COMPUTATIONAL LAYER.

C

SUBROUTINE CSFRQ(IN)

CCG9N/MATRX3/TU2U1 (1, 6), TBUDX2(2,6)

CM4UI/VECTORIVN• N( 1, 6) .VOLDSN(1, 6)

COMMON/TSTI2/NMATL .NIPTS

COHN/VEGI / IVEG, SIGF, STATE, EPP. FOLA, WFOL

CCM7/NISFRQISFRQ(6)

REAL SFRQ1,SFRQ2

DATA TOTTIMTFRQ,TPRNT/1,1.0.60.0/

C

C CALCULATION OF SFRQ FOR LAYER 1

C

IF (NIMATL. EQ. 1)THEN

SFRQ1-(TMI( (1.1))/2

ELSE

SFRQ1-(T• 2(,l))/2

END IF

100 IF(SFRQ1.LE.5.0)TUEN

GOTO 200

ELSE

IF(SFR01.LE. 10.0)TEEN

GOTO 200

ELSE

SFRQ1-SFRQ1/2

GOTO 100

END IF

END IF

200 SFRQ(1)-SFF,1•

C

C CALCULATION OF SFkQ FOR LAYER 2, IF NECESSARY

C

IF(NO4ATL.EQ.2)TBEN

SFRQ2-THi ,2 (2.,1)12

300 IF(SFRQ2.LE.5.0)THEN

GOTO 400
ELSE

IF(SFRQ2.LE. 10.0)TMEN

GOO 400

ELSE

SFRQ2-SFR0Q2/2

GOTO 300

END IT

END IF

400 SFR3(2)-SFPQ2

END IF

C

C CALCULATION Of TIMESTEP ENSURING NUMERICAL STABILITY.

C
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IF (m4&T/L. EQ. 1) T1iI

TDEP1O.S- *(SPRQC1)*SFROlC) IVUDMS*(l -2))

TDPI-O. 5 MC 1)*'SMC1)/ ICmNw 1,2))

TUPP-0. s*(S (I2)*SM• 1)I /VS(1.2))

TDS144N(TDfI. TXMI2)
ENDt IF

ITDR-6!T(TDP?1)

17(ITM.2.0)ZTDI-1
IF( ITC .GT. S)ITIM-5
IF (IME.ZQ. I)ITIME-1

TFRUAL(ITIN)

RETUtxE

END
C

C
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C

C SUBROUTINE TSTH
C-

C CALCUULATES THE S3ORTWAVE, LO• AVE, LATENT BEAT AND SENSIBLE HEAT

C HECHARGES OVER TOE SNONPACK OR SOIL SURFACE, AND THE HEAT TRAhSPORT

C THROUGH THE SOIL OR SWON. TSUT HAS BEEN CONVERTED INTO A SUBROUTINE

C FRON BALICK ET.AL. (1981a & b). TIE CONVERSION OF TSTM AND INCLUSION

C OF VEGIE WAS AIDED BY DR. RANDY SCGGXINS (WES). VEGETATED SURFACES

C ARE MODELLED USING THE SUBWODEL VEGIl. TSTM WAS ORIGINALLY THE TERRAIN

C SURFACE TUMPEATURE MODEL AND ITS FUNCTION WAS TO PREDICT SURFACE

C TEMPERATURE.

C

C

C

SUBROUTINE TSTH(I .h. AN .KlO ,AVSTP,AVGBR.AVSOL ,AVABSR,

& AVATER,AVTU•,AVDTER,K2 ,AVBTTP, TGBR, TSOL . TABSOR, TATEIM,

& THTERM.TDTUM)

C

C INITIALISATION. DECLARATION AND DATA STATEMENTS

C

INTEGER OUTCD

DIMENSION DAMK(100, 10)

DIMENSION IOC (5).MAXC(10),DEPTH(450) .FM4(30,10),.BBB(30o 10)

DIrEmSION TITLE(7)

DIMENSION NX(6).ATF(2),FlZ(2)

DIMENSION mR(6), ImTR(7)

DIMENSION TNK(6) .ALIS(6).FK(6),STOR(7,450) ,STABN(6)

REAL KTZG.KTNIPA,LAT.ACL(8) ,BC(8) ,MKSQ,BOTTP,WEPT,

"& ISOL., IGIR, IASO, IATERM, IRT . IDTENM, ISURFG, IREFRA,

"& SLOPE.SURFAC.CLR(8)

CHARACTER HEADEZR72, AN1,AN1*l

CO•[•N/MATAx1/3(30, 10), YTY(30,10)

CCNMIMATiE2/DER4Kl(2,2) .DERC2(3,2)

€G fl4/MATRX3/TMUI (1,6) , TBU2(2, 6)

CQ"N/TSTM1I/PRESS ,NCLOUD, ZA, SLOPE1, SURFC1, DAY ,LAT

CU4O/TSTM2/NOMTL,NIPTS

CMNIKWVEGIIIVEG.SIGF ,STATE ,EPF ,ALBEDO, NFOL

CMl=SFRO/SFRQ(6)

DATA TOTTIM,TFRQTPRNT/1,1.0,60.0/

DATA CLR/0.04,0.06,0.17,0.20,0.22,0.24,0.24,0.25/

DATA OUTCDIOI

DATA ACL/82.2,87.1.52.5,39.0,34.7.23.8,11.2,15.4/

DATA CLI/.079,.148,.112,.063,. 104,.159,-.167,.028/

DATA SIONA.PI,AC,BC/8.12E-11,3.141593,17.269,35.86/

DATA CCI0.261/

DATA LAST.G,KSQ,CPI2,960.0.0.16,0.24/

C

C STATEMNT FUNCTIONS ION USE IN VEGETATION SECTION

C

ECT),4*6. 106*XP(AC*(T-273.15)I(T-BC))

EUAT(T)-6.1OS*DW(AC*(T-273.15)1(T-BC))
Q(T)-o.62,(,RESSICT)-. 3,6)
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QSAT(T)-0.622/(PR SS/ISAT(T)-.376)

C

C CONVERSION OF VAR.AILM PASSED FAM MAIN F 4ROM INTO FOW4

C USED IN TSTM. 1 OR 2-LAYTURD SNOWPACK USED.

C

IFLAG2-0

IPRNT-O

SUN-0.0

I1(lOMATL. Q. 1)THEN
mi(. 5 )-DEMI ( I, 1)

YYY(1.5)-DEBUX1(1.2)

)=(2, 5)-DEII(2. 1)
YYY(2,5)-DEPM1I(2,2)

TSK(1)-TB CI(1,1)

ALP(I1)1T0U1(1,2)
1g( 1)-T1MMI1(1,3)

EPS,-TU Cl (1 , 4)

)OO(1,5)-DEPRC(1.,1)

YYY(1,5)-D136C2(Z.2)

)m(2,.5)-D01 I(2. 1)

YYY1(2.5)-DEl332(2.2)

]m(3,5)-DERUK2(3.1)
YYY•(3,5 )-DE]R4(2 ( 3,2)

THK(l1)-'TH(2 (l. 1)

T3K(2)-T•DIC2(2,1)

M.P( 1)-TU 2(1.2)

ALEM(2)'1M2D (2.2)

FK(1)-'1M2• 1,3)

1K(2)-1BDC2(2.3)

EPSN-TUI2C(1.4)

lWALLA-'(.1-T 2(1.,5))

END IF
C-----------------------------------------------------------
C INITIhLIZZ-VARIh3LA S-AND-CIOSTdmTS

99996 ASSIGN 99994 TO 199995

90 TO 00995*O g'0 gggg5
99994 CONTrINIUE

C --------------------------------------------------------------

C IIIPUT-DATA

A88IGN 99989 TO 199990

O0 TO ge9m9

C --------------------------------------------------------------

C PRINT-INIPUT-DATA

90089 ASSIG N9087 TO 199988

IF(Ahl.IQ.Y' )GO TO 99988
98987 CONTINUE

C-----------------------------------------------------------
C CALCULATI-TAMI-ULOM-AND-INTRCEPT

99986 AS810G 9M962 TO !99683



56

0O TO 9M93

C CALCUIATI-SURFACE-AND-LAYUR-TZMFuTtRE

99982 CONTINUE

ASSIGN 9990 TO 199981

GO TO 99981

99980 CONTINUE

PP'TNC(YY(1,7)+YYY(2.7))/2

C

C CALCULATION OF DAILY TOTALS FOP THE ENERGY-BUDGET VAR3IA3LES

C REQUIRED BY THE MAIN PRONMM.

C

SU4C2-0
31=, 3-0

SUMC4"O

SLICS-O

SUMC6-0

SUMC7"0

SUtCO-O

DO 98 I-I.XIo

SUNC2*MUC2+DAItI( 1,2)

SUMC3"S1DC3+DAITU(I, 3)

SUmCSU1C4+DA!IgcI ,4)

SU1C5"8UMC54+ATIU(I, 5)
SMICOS1UCSDA2C(l, 6)

SWJ4C7,UMC7+DATM(I, 7)

StNCS1ICS4OATIU(I * )

SU1"C953c9+DATM(I, 9)

99 CONTINUE

C

C CONVERT DAILY ENEG TOTALS INlybxt" TO M-2day-'

C

T'G~t-SUCt3124

TSOL4MC4(24
TABSON-SMC/SI24

TATM"UMC1/24

TITZ*S1NMC7/24

TDTmIO-611c824
C
C CALCULATION OF MEAN DAILY ERGY VALUES IN K~m-2

C AND IEAN SURFACE AID BASAL TZMATURES (*C).

C

AVSTPSIM2/ZlO

AWBOL(N•J4/K10) /24

AVA38R-8WC5S/Kl0 )/24

AVATI•'SINC8/1•0/24

AVfTIUC(SUMC7/K1O)124

AV•ER-M(UC8/110)124

AV3!Tr-6lNC9/K10
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C
C RETURN TO MAIN PRGAM

C

WRITE(M,*) '90ML TI 09ATIOU'
C

C STOP

RETiRN

C --------------------------------------------------------------.

99997 COIOSNUE
C FONIATS

90 F/•RT(' BOT7TOM DOUDRY INDFX-',13)

92 I•MAT(' BOTT0 M SOUNDRY TUMQURATURE-'.F6.1,' DEG C')

95 FIAT(' SOTTOI BOaNDRY SEAT FLt-',F6.1,'W/H**2')
97 I•OPHT(Yl. 2, F11. 1,F13.2, F13.1,.F8.2)

120 FUMT(AS,?6. 1)

140 1ORMAT(F5. 1,F10.1,F6.1.F12.1,F12.1,F13. 1)
145 F4AT(FS6.1,F7.1)
150 FORMAT (F12.1, I12, Fll. 2)

160 FCFAT(F11.2,Fl3.2,F8.1,F10.1)
170 1OOMAT(F9.4.F12.1)

I10 FTC•MAI7,F16.1.Fll. 0,F12.0)
Ci90 FONIMAT(4X,F5. 2,F6. 1, 2X, 18, 19.,111. 19, 19, 18)

190 FOSVkT(4X,F5.2,F6.1,F6.2.FS.2,F8.22,F.2,FS.2,F8.2)

260 FOFAT(U.F8.1.Fll.2,F9.2,g.2.FS.2,F10.2,F8.2)
200 FO4AT(F6.2,FS.2)
210 F(MAT(I6.Fll.1,F12.1,F14.2,F14.2)

220 7O4&AT(181)
230 7C4M T(A72)
240 FNMAT(4X.F7.2. 3X, F5. 0,5)(,F6.2,1OX,F6.2, 9.F77.2)
250 7OSMAT(6X,F6.1.13X, F4. 1,12XF5. 1)

310 FO4MAT(liX. 'TOTAL GRAYSIOY EFFECTIVE GROUND FOLIAGE',
& 4X,'SOLAR')

320 FRM4AT(14X, 'RADIAXCE TMP' ,1oX, '7TP TI'

& ,4X,'INSOLATIOU')

330 PCRMAT(5X•(l', (7X,'(LAIGLN) '9X, 'C(C)',11X, '(C)'
A GX.'(C) (LAILEYS)')

340 1O VAT ( ---,'-..il-]L-IREFL ----•RFL ---- NREL•',30(18-))
270 0F4M&T(3X,F5.2.FS.2,FS.2.2XF8.2,FS.2,F6.2,FS.2,FS.2,FS.2)

350 I14&AT(57X,'SZVISIBLE LATEST')
360 FON4AT( 5,'HRS SURFACE GAYTBODY SOLAR SURFACE ATHOS',

& ' II NEAT NEAT')
370 FIlN4AT(l1X, 'TZM RADIANCE INSOLATION A.SORP E4ISSION',

& ' LOSS FLUX')

380 FQMAT(C1)X,'DEG C',23C18-).' (LANLEYS)' ,24(I-))
390 ORAT(3X, 'TIM' ,1, 'DET!, TZI`ZRATURE' 14X, 'SR',21X, '0C',

& QX,'C'/2I,65(I3-))

400 7FRMAT(200 ,F5.2.C(3X,75.1,' '.F5.2))

410 4IMT(C10•,75.1,IX,FS.2,3X,FS.1,IX,F5.2,3X,?S.1,IX,F5.2,
& 3Z.75. 1, X.F5.2)

GO TO 199097
C -------------------------------------------------------------------
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99905 CONTnMZ

C TO INITIALIZZ-VARIABLES-AND-CONSTATS

W3--2.49-4

NAX(1)-2

M1A(2)-2

SMX(3)-2

MX(4)-2

MAX(S).KIPTS

HAX(6)-2

HAX(7)-2

HAX(8)-0

MAX(9)-0

MAX(10)-3

INU13-0

00 TO 199995

99990 COINTI

C TO INPUT-DATA
C

C INM-ATHOSPOIC-SPKCIFICATIONS

ASSIGN 99978 To r99979

GO TO 99979
C

C INPUT-SWFACE-MIUNTATION-SPECIFIATIONS

99978 ASSIGN 99976 TO 199977

GO TO 99977

C

C INJT-UEAT-FLOW-CACULATIO0-COhTROLS

99976 ASSIGN 99974 TO 199975

GO TO 99N75
C

C rNPUT-I1ITIAL-TDIFUATURt- PfoILzL

99974 ANION 99972 TO 199973

OD TO 99973

C

C INPUT-TOP-SURFACZ-COMSTSNTS

99972 ASSIGN 99970 TO 199971

GO TO 99971

C

C INPUT-LATR-SPECIFICATIONS

99970 ASSIGN 99968 TO 199969

00 TO O996
c

C INPUT-3OTTCU-3OUN•MY-DATA

99968 ASSIGN 99966 TO 199967

OD TO 99967

C

C INPSM-VWOZTATIN-?PAIUMITIS

9996 ASSIGN 99798 TO 190799

go To 99799

C
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99798 0 TO I99090
C

99979 CONTINUE

C TO IINPUT-AM•U01 IC-SNECIFICATIONS

C

C LIUe TIM AIR TMP RI CLOUD COVER WIND SPED, INSOLATIOU

C NO. ER DEG C 2 (0-1) H/3 CAL/CI*2-MIN

C
XX(2,1),,XXX'(2,1)+2400" (XX(2,8)-XM('(1,8) )

860 DO 99965 3-1.2

Mw-NT (Xe(J, 1)/100.0)'100

AM-(mC•(.1) - (ALC 0))/60.0

m(J.7)-)(CJ,1)

XX(J.3)- M(J,.1)

TYT(J.1)-YT(J.1)+273.1

YYT(J.9)-"Y(J.9)+273.15

YYY(J,2)-,YY••,2)*0.01

TY•(J.6)-?YT(J,6j)100.0

YYT(J,4)-YYY(J.4)I697.S

99965 CONTINUE

W(3.10)-](Z,1)

XX(2,10)m14.0

TTY(3, 10),-T(2, 1)

TTY(2.10)""YT(1.9)

TY(T1.10)Y-T(1,1)
C

840 FACTU(1000.01PPESS)**0.286

GO TO 199979

C --------------------------------------------------------------

99977 CONTINUE

C TO INPuT-sU•qACR-mIzTATioU-SPECIFICATroIIS
C

C LINE SiC SLOPE SFC AZMIUTS DAY LATITUDE

C gO. DG-UONZ-0 DEG S-0 JULIAN DEG
C

SLOPE-SLOPEl

SURFAC-SURFC1

SLOME-SLOPE*PI/ 10 .0

SURFAC-SURFAC*PI/ 180.

GO TO T90077

C-----------------------------------------------------------
"9975 CONTINUE

C TO InnUT-MEAT-oLw-CACULAT1OK-CONTROLS

C

C LIUE NO. OW NO. OF 24 m TIM STEP PRINT FM

C MO. LAT 3ZPITIOWS MIx MIx

C 1-6 2-5
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C
T(OTTDI~wE(2.1) - In(1ol)

GO TO 190075
C ........----.................... ............................-- -

0073 COiTINUE

C TO IUIUT-INITIAL-UNFU ATURE-PROFILE

C

C LIUK NO. OF

C NO. PR(lrLZ POINTS

C

C

C LINE DEPTH TE

C NO. CH DEG C

C

MAX(S)-NIPTS

DO 99964 J3-1,NIPTS

IYY(J3,5)-YYY(J3.5)+273.15

99964 CONTINUE

GO TO 199973

99971 CONTINUE

C TO INPUT-TOP-"SIRFACa-CONSTANTS

C LINZ DIISSIVITY ABSORBTIVITY MOISTURE
C NO. CONITENT DRY WT.

C
FACTA.SIfONA*EPSN

C

00 TO 199971

C ------------ W--------------------------------------------------
90967 CONTINUE

C TO INPUT -BOTTGM-WUO•4DARY-DATA

C

C IF LVLUX,-0, *THEE IS NO BEAT FLUX T3ROUGHBOTTOM

C IF IPLUXY LT o, TanE IS nO AIRSPACE BENEATH BOTTOM

C IF IFLnu x TO0 TGT PE IS AIRSPACE BENEATH B0TTOM

C

LFLUWY--1

IF(.NOT.(LFLWTY.IQ.O)) GO TO 99962

DPMO-,YT (NIPTS, 5)

T-,0.

GO TO 99963

99962 IF(.NOT.(L7LUXY.LT.0)) GO TO 99961

C

DPRIX-0 .5

T3-FK(NCMTL)

D11-0.0

EK-0.

IP-0.

A1-01.0

?ATD-0.

FACTEOO.

U1-0.
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DPBIU-D1U411697 .6

00TO 99W3

90961 CONTINUE

00063 GO TO 19M947

99969 CONTINU

C TO IN1UT-LAYT~-SPIC FICATIO

C

C LINe TBICMS VERT. GRID T46AL DIFF BEAT COW
C NO. CH SPACE-CM C0*2/MIN CAL/I4N-C14-K

C

DO 90940 J4"1,XNMTL

BC(J4 )-rl[(J4 ) IALIE(J4)

99960 CONTINUE

C CNOL SWITCHES SPECIFIED

C

WIT-i

GO TO 199069

99799 CONTINUE

C TO IENUT-VTATION-1PRAHlETS
C IVZG DETEMINS WTHE VEGETATION PARMETES ARE USED

C (O NOT. HZIGT OF TIE WITEROLOGICAL INSTRNUNTS FROM

C WRIC3 THE DAILY DATA ARU TAIEN ARE ASSiED TO BE 10004

C ADOVE THE 1O.IAM HEIGHT. SEE TEXT FOR FULLER ]EMLANATION.

C

IF(ZYEG.ZQ.0) GO TO 1120

?OLA-1-AL•EDO

IF(hFOL.GE.ZA)TUW

ZA-MeOL÷100.0

END IF
IF(SIGF.LE.0.0)GO TO 199799
TI•TT( 1, 1)

EPI-EPF+EISN-EPFWEIU
ZO-0. 131*'U "0. 997

CHO-,SQ/ (ALOG(ZA/Z0)**2)

ZDSP-O. 701*I7OLO. 979

CNO-4I (QALOG( (ZA-ZDSP) IZ0))*2)

CE(1 . -SIUW)*C0+SIGVFUU

DE.THF-i.

QAPFBAT(TF)

1120 00 TO 199799

C-----------------------------------------------------------
99988 CONTINUE

C TO PlINT-INPUT-DATA

C IRrtE(*.139)

WITZ(*.220)

.IIT (*,*)U '
WRtITZ(*, 30)lRAD•

WRI[TI(**),
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WEITE ' ,'( ) * ATOSINInZC-SPICIFICATIONS'
RIZTZ(* *), I

ITIW(.•)' A.M4S PRESS CLOUD TYPE SHELTER'

WR.TE•*)' MB INDll HEIGET-CM'

WLITET(' 150 )itE, .CLOD.ZA
WRITB(* *), I

RI'TE(*.*)' TIME AIR 2341 3H CLOUD COVE WIND SPID'

* I SOLAR Incad'

RIITE(*.*)' 1RS DIG C 1 (0-1) M/S WI/*2'

MIMX-2

WRITE(*, 140)(300(0. 1),YYY(3, 1)-273.15.

* YYY(J,2)•1O0.O,YYY(J.3).YYY(J,6)*0.01,YYm(J.4)T697.0.J-",HHAX)

WRITE(*,*)' I

WRI1TE(*.*)' SURICE-OUZIUTATIOU-SPECIFICATIOUS'
WRITEZ(*,*)- •

MRITEC(.')' SIC SLOPE SIC AZIMUT3H DAY LATITUDE'

WRITE(*,*)' DIG-HOUIZ-0 DIG S-0 JULIAN DEG'

WRITI(*, 1GO)SLOP•W*180/PISURFAC*18.0/PI, DAY, LAT

MITEZ(*.220)

WRITE(*,*)' , -T-ILOW-CACULATIOU-CCNTROLS'

WRITE(*,*),'

MITEC(*,*)' no. or NO. OF 24 ENS TIME STEP PRINT FREQ

WRITZ(*,*)' LAYEIRS REPEITIONS Him3 mix'

WlITE(*,*)' 1-6'

WITEC (, 180 )3rJ&TL,TOTTIM124.0.TItQ,TPRNT

WIITE(*.*)' -
WRITE(*,*)' INITIAL-T4I•EUATURE-PROVILE'

1WITE(*.*)' '

WRI•E(*, 145) (CXXXJ,5),YYY(J. 5)-273. 15,

& J-1,NIPTS)

WRITEC(*.*)' TOP-SU1FACE-CONSTArITS'

WITE(*,*),'

RITEC(*.*)' 4I1S8 AIUDO=

WRIT E( *, 200)1]S, SlDI.A
WRITE(*,*)' '

ITE(*. • *)' IN PUT-LAYER-SPECIFICATIORS'

IRITECee) LATU THIC]RESS VERT. GRID THERMAL DIff BEAT COND'

WRITE(*.•)' 30. C4 SPACE-.CM C*2/MIN'

* .' CAL/MI4N-0C-K'

DO ON56 J4-1,1OMATL

SITZ(C*, 210)J4,THC(J4). SIRQ(J4),
& ALIC(J4).1K(J4)

99956 CONTINUE

ITZC(*,*)''
I !CTE(*.*)' INPUT 302TO4 BOUNDARY DATA'

II(.bOT.(L.LUXT.3Q.0)) GO T0 99058
RIXT3(*, o)LFLU

ISTIE(* .02)03. 40-273.15

WRITE, *), ,

ITIZ'(*.*)'
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99956 I7C(.I.(LFLY.LT.0)) GO TO 99957

4ITT1(*, 90)LFL(Y

IXTZ(*,95)D3I1S*697.6
RIXTW(.,),

00 TO 99959

99957 kZTZ(. 90)L.LI[T

RITTZ(*,95)DPilI*697.6

WRI1TE(*.*) ---- S0TTI4 SURFACE ---- SUFACE IMUATS AIRSPACE TDQ'

WIITE(*,*)'D4ISSMIVTY OM SHAPE • ]ISSIVITY GE134 SHAPE DEG C'

WTl(* ) .FACT(0.-1.) FACT(0.-1.)'

WRITS(*, 97)3EP, E,,REP. RK, TR-273.15
WRITE(*,*),'

99959 mR[TE(*,*)'

I7(IWE.EQ.0) 00 TO 199988

IXTE(*.*)' VEGETATIOI PARAMETES'
WLTTZ(*,*)' '

IRITZ(**)' CVRG STATE UIISSIVITY ALBEDO

"& FOLIAGE IGET'

tITE(M.*)' (0.0 -1.0) (0.0 -1.0) (0.0-1.0)

"& (04) '

MITE ( *240 )SIG, STATE, hO, FOLK, EFOL
WRI.Z'I(* ,*) '
WRITE(*.*)'

14tT]I(*.*)'

GO TO 199M8
C

99985 CONTIUUE

C TO CALCULATE-IUS0ATIOE-(M-SLOPE-SUMFACE

C

C

C SOLE-SOLAR-Z•TRU

ASSIGN 99951 TO 199952

GO TO 99952

C

C SOLVE-SOLAR-AZIM2T

99951 ASSIGN 99949 TO 199950
00 TO 99950

C

C CALCULATE-SLOPE-AlTMO-ATT*-AUD-CLOUD-ADJUSTMET

99949 ASSIGN 99947 TO 199948

00 TO 99948

C

99947 CWTIIUE

C

99953 00 TO 199985

C------------------------------ -------------------------

99955 CONTINUE

C TO ZK0-VARIASIZ•

C

1-0
gO TO 199955
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00052 CONTINUE

C TO SOL3MV-3OLAR-MZITI

C

TYNE-UMMC(TZ ,24.0)

TO-2.0*Pi*(DAY-1.0)1365.0

DZCL-0.006918-0.399912*COS(TO)40.070257MSIN(TO)

"& -0.006758eCOS(2.0*T0)40.000907*SIN(2.0*T0)

"& -0.002S97 COS (3.0"T0)40.001480*31N(3.0*T0)

ELF(LAT/180*PI)
TIMERt- ( TYNE/ 12*PZ )+Pl

IF (TIME. GT. 2. *PX)TI]P-trqMIER-2. *PI

AA-,COS (DECL)* CO( ELF)*CS((TIMR)

BBUSIC(D"CL)*SIN(ELF)
C-AA+BB

Z-ACOS(C)

GO TO 199952

99950 COTNNUE

C TO 3OLVE-30LAR-AZI IJTH

C
)OIUI-COB ( DZL) *SiNl( TDMq)

1DNU1O (ELF)*SIM(DECL)-IN(EI,) *COS (TIMR)
SAZ-ATAmCU()MI/XDUM)

CF(.NoT. (X]IM.LT.0.O.AnD.xDln.GT.0.0)) GO TO 99944

SAZSAZ+PI

GO TO 99945

99944 IM(.NOT.(X3W4M.GT.0.0.A AND.XDINI.GT.0.0)) GO TO 99943

SAZ-SAZ-PI

99943 CONTINUE

99045 GO TO 199950

C --------------------------------------------------------------

99948 CONWTINUE

c TO CALCUI-S-SLOPE-A1DS-ATT3I Af-D-C.I -ADUSTI6WTS

C

SICPIS(Z)*C8(SLOPE)+8II(Z)*SIN(SLOPE)

& *COSC( ( -S3MIAC)

I (.8OT.(SICY.LT.0O.OR..COSMZ).LE.0.0)) GO TO 99941

SUN-O.0

GO TO 99942

99941 MI/OS(Z)

IM(.NOT.(M.GI.0.0)) GO TO 99939

TAL-O.02023

IF(DAY .0.92.0 .AND. DAY.LE.152.0)TAL"-0.02290

TD-5352.2/(21.4-ALOG(RB*ESAT(TA)))

NATUR-CP(O.07074*(TD-273. 15)+TAL)

AD-0.271*(NATU4I)'*0.303

AD0.085-0.247*ALOG10(IPZUM11000 '1. IN)
AsI-(((1.-A3)*0.349+(1.-AO)/(1.-AO*0.2)*0.651)

00 TO 90040

09M39 ARG1I1.0

09940 Qg2.O*'Iin
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rf(.nOT.CNCuD.ZQ.o)) Go TO 99"37

00 TO 99936

99937 CWOTINUE

AR02--(DM(NCLOUD)-.059)*N

CTW-(ACL(NCLGOD)/94.4 )*ZUP(ARG2)

SUN-QO- C (CLOUD*CLOUD)* (QO-QOC*•))

99938 COTIMrN

99942 CONTINUZ

GO TO I99948

99983 COUTIUE

C TO CALCULATl-TABhL-SLOPE-AiD-I!T- PT
I,,1

GO TO 99935

99938 IF(I.GT.10) GO TO 99934

99935 4AX'MAXZ(I)

IF(D4AX.BQ.O)GO TO 99931

J-1

GO TO 99932

99933 IF(J.,o.rmAX) GO TO 99931
99932 PM(J,I)-(YYY(3+1,I)-YC3(J,I))/(XXX(J+1,,)-2a(J,I))

BB8(J, !)-YYY(JI ) -FMq(J, I)*)G((,I i)

J-J+l

GO TO 99933

99931 1,1+1

GO TO 99936

99934 GO TO 199983

C --------------------------------------------------------------
99930 COTNUE

C TO GLT-TABIL-VALUES

C

IMMXNAX TABL)

ui-i

IF( .NOT. (Xq.•.MCX(D4AX,TABL))) GO TO 99928

YlYYY1(IMAX, NTABL)

go TO 9929

99928 IF(IJ.RQ.U4AX+I) GO TO 99927
JJ-IJ

.F(O.90T.(Xm (IJ.NTABL).LT.XN)) GO TO 99925
IJIJ~l

GO TO 99928

99925 i(.C T.(3. ((IJ.NTABL).EQ.Xg)) GO TO 99924

!U-'YI(JJ.,TABL)

iJDrmkX+l

GO TO 99928

99924 IC(.3IO.(C (IJ.,TABL).GT.XN)) GO TO 99923
JJ-3J* 1

YO-1U(CJJrTA3L),2I31N3 (JJ,NTAIL)

i-1DMX+l

99923 CCUTIUIN
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GO TO 99928

99927 CONTINUE

99929 00 TO 199930
C ------------- -------------- ----- --------- ------------- --------

99981 CONTINUE

C TO CALCILATE-SURPFACE-A-ID-LAYUI-TEWlATURE

C

C SET-UP-INITIAL-COUDITIONS

ASSIGN 99921 TO 199922

GO TO 99922

C

C PRINT-OUTPUT-EEADING

99921 ASSIGN 99919 TO 199920

GO TO 99920

C
99919 000fTINUE

C

C RUN-HEAT-FLOW-PROGRAM

ASSIGN 99917 TO 199918

GO TO 99918

C

C SET-UP-AND-PRINT-OUTPUT

99917 ASSIGN 99915 TO 199916

GO TO 99916

C

99915 IF(IRETRN.EQ.1) GO TO 4100

GO TO 99919

4100 CONTINUE

GO TO 199981

C --------------------------------------------------------------

99922 CONTINUE

C TO SET-UP-INITIAL-CONDITIONS

C

PTYhE-TOTTIH-24.0
TIME-XXX((1,1)

DIST-0.

IFLAG-0

IF (TFRQ.LE.0) TFRQ-TOTTIH

DELT-TFROIB0.

ITIl,44AX1 (TOTTIMIDELT+.9,1.1)

1X-1

GO TO 99913

99914 IF(IX.GT.NIWATL) GO TO 99912

99913 INTR(IX)-IY

IF (SFRQ(IX).LE.O.) SFRQ(IX)-TEK(IX)/10.

C(IX)-IAX1(TUK(IX)ISFRQ(IX)+.9, 1.1)

RC(IX)-60.0*DELT/(SFlQ(IX)*SFRQ(IX))

C

C CALCULATION OF NMNICAL STABILITY PAAMETE, TO

C ENSURE fNUICAL STABILITY.

C
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STAN (IX)-ALPB (IX) *RR (IX)

I?(STAEN(IX) .0?. 0. 5)THO

STABIX())-0.5

LAYLS-0

G TO 99910

99911 IF(LAYRS.GT.NX(IX)) 00 TO 99909

99910 31-D0ST

rTALL-5

DEPTH(CY)-X3
C

c GET-TABiLE-VALUES

ASSIWT 99908 TO 199930

00 TO 99930

C

99908 TI"PYN

STON1 (, IY)-T34P

STOCRS, IY)-TEW

5TOR(6,IY)-FPI(X)

STOR(7 .IY)-IOUC(IX)

81"O8(4,I Y)-O.

STOR(2,IY)-FK(IX)

STOR(3,IY)-RHOC(IX)
IY-IY+I

DIST-DIST+SFRQ (IX)

LAU•S-LAYE÷S+1

GO TO 99911

99909 K-lX÷1X

DIST-DIST-SMlQ(IX-1)

GO TO 99914

99912 ,i4AX-IY-1

INTR(IX)JMAX

lPRiT-,'AX1(TPRNT/TIRQ+.9,1.1)

IPRNT-NRN

GO TO 199922

99920 CONTINUI

C TO IUT-OUTUT-UEADfING
C

C !IF(OUTCD.EQ.1)GO TO 1610

C IF(IVEG.GT.0) GO TO 1420

C SRITE(*.350)

C WRITE(-,360)

C I'TI(C,370)

C RI1T%(*,380)

C GO TO 199920

C1420 iRITZ(*,310)

C 4RITZ(*,320)

C IITZ(*,330)

C ITTZ(*,340)

C GO TO 199920
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C1610 WI4TE(*,390)

GO TO 199920

99918 CONTINUE

C TO RUN-EEAT-FLOW-PROGPAM

C

IF(.NOT.(IFLAG2.ZQ.0)) GO TO 99907

ITER-UIT

TIH3-TIMl+DELT

99907 ZZASTCR(5,1)

ZZ1-STCR(5.JMAX)

TZML-ZZATEM,-ZZ,

C

C

C CALCULATE-IOUNDARY-CONDITIONS

C CALCULATE ENIEGY-BUDGET TERMS WITH VEGETATION OR WITHOUT

C

IF(IVEG.EQ.0)GO TO 930

ASSIGN 99905 TO 199800

GO TO 99800

930 ASSIGN 99905 TO 199906

GO TO 99906

C

C CALCULATE-UPPER-BGUNDARY-VALUES

C USING EMMY-BUDGET. FIND TOP TEMPERATURE WITH VEGETATION

C OR WITUOUT.

C

99905 IF(IVEG.EQ.0) GO TO 900

ASSIGN 99903 TO 199797

GO TO 99797

900 ASSIGN 99903 TO 199904

GO TO 99904

C

99903 IX-1

3-2

IHATL-NOMATL

IF(.NOT.(NCGATL.EQ.1)) GO TO 99901

Iz-l,((IX)-1

IF(.)=O.(IZ.GT.0)) GO TO 99900

C

C CALCUiATE- INSIDz-MATRIAL-VALuEs

ASSIGN 99896 TO 199899

GO TO 99899

C

99898 CONTINUIE

99900 GO TO 99902

99901 GO TO 99896

99897 IF(C]ATL.LT.1) GO TO 99895

99696 IF(.NiT.(IMATL.GT.1)) GO TO 99893

IZ,,EX(I)-1

IF(.POT.(IZ.GT.0)) GO TO 99892
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C

C CALCI"LATE-!USID MTEIi IAL-VALUES

ASSIGN 99891 TO 199899

GO TO 99899

C

99891 CONTiNUE

C

C CALCULATE-INII AC!-VAIUEs

99892 ASSIGN 99889 TO 199890

GO TO 99890

99889 Go TO 99894

99893 IZ-'X(IX)-1

IF(.XOT.(IZ.GT.0)) GO TO 99888

C

C CALCULATE-INSID-HATERIAL-VALUES

ASSIGW 99887 TO 199899

C

GO TO 99899

99887 NL"INUJE

99888 CONTINUE

99894 IVATLIMTL-1

GO TO 90897

99895 C•NTINUE

C

C CALCULATE-LOfl-DOUNDARY-VALUEIS

99902 ASSIGN 99883 TO 199886

GO TO 99886

C

99883 GO TO 199918

C --------------------------------------------------------------

99908 CONTINUE

C TO CALCUI.ATE-OUJNDARY-CONDITIONS

U - -FK(C)
T-TIIz

C

C CALCULATE-BOTTG-BOUfMDAY -HEAT-TERM-APRM-DPRM-BPRM

ASSIGN 99880 TO 199881

GO TO 99881

C

C

C ATHO6PEUIC-INFRARED-4ISSION-ATERM

99880 ASSIGN 99878 TO 199879

GO TO 99879

C

99878 CONTINUE

C CAL"ULATE-SOIAR--ISOIATION-FOR-DAY-AUD-TIN1

DAY-MX(1, 8)

ASSIGN 42 TO 199985

GO TO 99985

42 ZTE9UP

IT7(S1M4. OT. 0O)3TI9•Ti"S 4SALA

C
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C CALCULATE-CONVI 0tCO-Um

ASSIGN 99876 TO 99877

GO TO 99877

C
C

C CALCULATE-EVA•ATIVE-HEAT-LOSS-DTEBH

99878 ASSG 99874 TO 199875

GO TO 99675

C

99874 D - ATEM + BTED - STVRM-DTEL

521 CONTIMIE
GO TO 199906

c --------------------------------------------------------------

99881 COUTINtX

C TO CALCULATE-BOTTGIOBOUNlDRY-BEAT-TR36-APiM-DPM-•BPm4
C

IF(.NOT.(T".EQ.0.0)) 00 TO 99872

APMI1.0
DPW"-OPM0

GO TO 99873

99872 A~km FACTRF*TlW*T• M*T'D

DPI"DPSH1

99873 GO TO 199881

C--------------------------------------------------------------

99879 COMTINUZ

C TO A2MS6PEERIC-IZHFRARED-ZHISSZOI-ATEUh

XN-TiHE

NTA'L-2
C

C GET-TABLE-VALU!S

ASSIGN 99887 TO 199930

GO TO 99930

C

99867 R"B-YN

mi-TIle

NTABL-10
C

C GELT-TABLE-VALUES

ASSIGN 99866 TO 199930

GO TO 99930

C

99866 TA!N

IN-TIle

NTADL-3
C

C GET-TABLE-VALUES

ASSIGN 99865 TO 199930

00 TO 99930

C

99865 CLO•m-TN

TAM-TA
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TAC-(TAX-273.15)

ZA-6. 108*R2*UI((AC*TAC) / (TAE-DC))

ALPI,(0.81+0.05*SQRTC(E))*(1.0+(CLR(ICLOUD)*(CLOUD**2)))

DGWt"0.8 6132U-10*TAK**4*ALhSI

GO TO 199879

99877 COITIUrM

C TO CALCU•ATE-CO1VECTIO-8HTIRN
C

iTAL-6
C

C GET-TABIE-VALUES

ASSIGI 99862 TO 199930

GO TO 99930

C

99862 SPMr-YN

TAK-'ITA

ZASO-ZA

TSK-TOL

RHA--0.001*0.348*PRESS/TAK

1200 TEUTAZ-TAX*FACTH

LHEAS-1SK*FACTB

DTHETA-C(TETAZ-THETAS)/ZASH

DU-SPE•D/ZAS

T'ZTAV- (TI+TAZ4T'MTAS ) /2.0

P.IG*DTUTA/ (THETAV*DU**2)
C021-15.0

C032-1.175

M(".75

IF(TSK.GT.TA.)GO TO 31

IF(RI .GT. 0.2)RI-. 19999
COn1-S. 0

CO,2-1.0

EX-2.0

31 f"T-UDOA3 SQ*ZAf**2*DU

& *(COE2* (1.0-.cOEIR )**M)

I "m4-HUTCP*DTUTA

99864 GO TO 190877

C ----------------------------------------------------------
99875 CONTINUE

C TO CALCULATE-LVA]ORATVE -HEAT-LBSS-DTE34
C

XI(-TIJG

INTABL-2
C

C WT-TADLE-VALUES

A88GN 9"859 TO 199930

GO TO 00030

C
90659 IU,.TlU
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S'TA.L-10

C

C GZT-TA3BL-VALGUZ

ASSIG 99858 TO 199930

GO TO 00030

C

99858 CT3IA-Tu

KTEIPA-CTUIA

CTEMA-CTEMA-273.15

KTDEO-1TZL
ISpE(P((AC*(K•TMPG-273.1)) )(rKrPG-]C) )*6.1071

,-EA?((AC*CTD4&) I(KDPA-BC) )*8. 1071*RB
DO-0. 6221PRESS* (EA-ES) *WET/ ZA

XL-597.3-0.566*(CTD4Ar+K IP-273.15)/2.0

DTmE4T=*XL*DG

GO TO 99861
99860 DTZEU-0.0

99861 GO TO 199875

C --------------------------------------------------------------

99904 CONTINUE
C TO CALCULATE-UPU-DBOUNDARY-VALUES

TI"STABNI(1)* (STOr(l ,3)-2. *S1OR(l ,2)+$1OR(l, 1) )+SlUR(l, 2)

II-0

830 111-111+1

T2-STR(5. 1)**4*FACTA*SflQ(1)+FK(1)*STOR(5, 1)

& -(FK(1)*Tl+D*SFRQ(1))
T2"T21 (4. *FACTA*SFRQ(1) *STOR (5,1 )*'3+1"K(l1)-SFRQ( 1) *DDDT)

STORt(5,1)-STC ( 5, I)-T2

TE4L-STOR(, 1)
C

C SURFACE ýTiTURE (T(EL, STOR(5.1)) NOT ALLOWED TO RISE
C ABOVE 0 ST SNOW PRESENT. TEE SNOWPACK IS SATURATED

C AT O*C AND UNSATURATED AT TDMPERATURES BELOW O*C.

C

IF(TIOL.GE.273. 15)TEEN

TD4-273. 15

WET-i.0

ELSE

WET-0.0

END IF

IF(STQR(5,1).GT.273.15)TE]j

STO3R(5,1)-273.15

END IF

C
GTM"l•-FK( 1)* ( SOR ( 5 1)-T1)/S]RO(1)

ASSIGN 825 TO Z99877

GO TO 99877

825 ASSIGN 610 TO 199875

GO TO 90875

810 DUWU-AT'•4+BTnIM-BT4M-DTFM

Il(ANS(T2).LT.0.005 .0R. UII.GT.30)GO TO 199904
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DD?-- (D NlW -D)/T2
D-o0m•

CO TO 830

C

99899 CONTINUE

C TO CALCULATE-INSIDE-MATMLAL-VALUES

C

00 TO 99856

99857 Z7(IZ.LE.O) GO TO 99855

99856 COTIINU1E

STIOR(5 .J),1,( 1.J)+STAM(1)*(STPR( 1. J-1)-2. *STO( 1, J)

& +STC(1,J+l))
J-J+ 1

IZ-12-1
GO TO 99857

99855 00 TO 199899

C ----------------------------------------------------------
C TO CALCULATZ-IUTrRFACZ-VALUES

C

99890 CONTINUE
SC0"-TOIR( 6, J- 1) ISrR ( IX )

DcRSTO((6,J+l)/SFRQ(IX+l)
3CGZI•I•EF+DOCEF

AC(X0DBCOEF/(2.*STADN(1l)) +DCOF/(2. *STABN(IX+1))
STCNL(5,3)-ST(R(lJ)+(BCOE[F*STOR(1,J-1)-CCZFSTOP.(1,J)+DCOEF*

& ST'R(1,J+2))/ACOU
STOR( 5, 3+ l)-STI1R( 5 , J )

IX-IX+I

J3J+2

GO TO 199890

C ------------------------------------------------------

C TO CALCULATE-LOW=-DOUNDARY-VALUZS

99886 IF(LPLUVT.IQ.0) GO TO 880

I-1

R2-FACTD

870 CONTINUE

RI4SIGVA*BEP3ZK*STC (5,J)**4
G1-'FIC(NO14TL ) (STOR.M5 J) )STOR (1, J- 1 )) /SMR(IR@I4ATL )

F2-4. 0*STGHAeEemsIKSTOR( 5, J)-*3-FK(NOVATL) /SFRQ(NCS4ATL)

F2- - (32-ft4GI+DM4) I2

STOR(S.J)-STCR(5.J) + P2

1-1+1

IF(ABS(F2).GT.0.01 .AND. I.L.S.30) GO TO 870

880 I7(L7LUX. Q. 0) STCR(5,J)-STGR(5,J)

GO TO I99886

C ------------------------------------------------------------

99916 CONTINUE

C TO SZT-UP-AND-HUPULATE OUTPUT

C

InAm-" --
nmmypo
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I(rITUR.LE.1) GO TO 1245

ITER-ImE-1
I1 (IUSWT.1I.0) GO TO 1328

IF (IPRNT.LE.1) 0O TO 1244

IF (ITIMI.GT.1) GO TO 1328

1244 CONTINUE

C

C MANIPULATE OUTPUT

ASSIGN 99846 TO 199847

GO TO 99847

C

99846 GO TO 1328

1245 IF (ITIME.Gr.1) GO TO 1269

C

C MANIPULATE OUPUT

ASSIGN 99845 TO 199847

GO TO 99847

C

99845 I 1ETRt-1

GO TO 1335

1269 ITIME-ITIDE-1

IF (IPMRT.LE.1) GO TO 1279

IPRWT-IPRXT-1

GO TO 1303

1279 CONTINUE

C
C MANIPULATE OUTPUT

ASSIGN 99844 TO 199847

GO TO 99847

C

99844 IPRNT-NPRNT

1303 J-2

IZ-NlMATL

1306 IX-NX(IZ)+1

1311 STR( 1,J)-STOR(5,J)

STOR(2,J)-STOR(6,J)

STR(3 .J)-STON(7,J)
3"3+1

IF (11.L.1.) GO TO 1329
11X- -1

GO TO 1311

1329 IF(IZ.LE.1) GO TO 1335

IZ - IZ-1

GO TO 1306

1328 I.LAG2-1

1335 CONTINUZ

GO TO r10018

C --------------------------------------------------------------

99847 CONTINUE

C OUTPUT MANIPULATION

C HOURLY ENERGY VALUES PON BOTH UNVEGETATED AND UNVEGETATED SURFACES

C ARE ONVUT INTO lyhr- 1
. THE ENEGY VALUES, SURFACE AND BASAL

L. i Nl n l ll" • • "
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C T4PUATURtES AID OJS1ONDrAG DOUR OF THE DAY ARE PLACED IN A DATA

C MATRIX. DATM.

C

IF(.NOT.(TIDU.GT.PITII)) GO TO 99843

DO 9842 JU1.,.B0AMT+l

li"INTR(JUE

TITIE(JER)-(STOI(5.IJ)-273.15)

90842 CONTINUE

NUN-TIlE

IF(NDX.BQ.O)XD-1

C

C RESULTS CALCULATED IN ca1o
2

ln"I- IE. lymin
1 AND

C CONVERTED TO lyhz"1 BY *60. THE DAILY TOTAL IS THEN DIVIDED

C BY 24 (ELSSVAER IN THE PFROM ) TO HAVE ANSWER IN M '-
2 day•-.

C Hm day . IS NOW THE MOR WIDELY USED UNIT AND THEREPONE IS

C USED.

C

STP-TITLE( 1)

,OTTP-STOC3.J)-273.15
K10,.ElO+l

IF(IVEG.EQ. 1) GO TO 1110

C

C ENERGY VALUES FO UNVEGETATED SURFACE, CONVERTED TO lyhr-1.

C

IGER-(0.8131-10*EPSN*STGR(5, 1)**4)*60

ISOL-(BTMS4/ .,LA)*60

IABSOC" (ISOL*SMLLA )

IATEUI-ATEU4O60
IDTI• 60

IDTEUDTEISM60

C

1110 CONTINUE

DAIIM((Kl%1)-T1DE

DAMX (K10,2)-TITLE ( 1)

C

C CALCULATE VEGETATION RADIANCE VALUES IF VEGETATION OELLED

C

ASSIGN 1400 TO 11410

IF(IVEG.EQ.1) GO TO 1410

1400 CONTINUE

C

IF(rVZG.EQ. O)TH1N

C OPTION 2-DOURLY VALUES FOR ENERGY-BUDGET VALUES.

C INSERT:

lEITE(9190)M4(TI'E.24. ),TITLE(1),I•GR.ISOL,IABSOR,

& IAT'Ml. DTI., IOTU

C

DATM(X10. 3)-Iin

DA1M ({10,D4)-IDOL
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DA K(110, 5),

DAD (K110, I )-IATmI

DATE(110 *,7 )mINTRMI

DAE(K(10 ,)-IDTIWM

DATM[(X10, O)-OTTP

ELSE

C OPTION 2-10MLY VALUES FOR ECERGy-UDGET VALUES.

C INSERT:

WRITE (9, 270)AMW(TIME. 24. ), ISURFG+IREFRA, ISURFG,

& TEFlR-273.15.T117-273.1S,TDIL-273.150TF-273.15,ISOLSG

c

DAITY(K10, 3)-GNG 60

DATM1(K10, 5),IANSO

DAm (Klo,) 6)LD*60

DATE (110,7)M SG*o0

DAE• (KO, 0)"ELG*XlI*60

DAIMCX1O.9)-BOTTP

END IF

99843 GO TO 199847

C --------------------------------------------------------------

99800 CONTINUE

C TO CALCULATE-3OIJNDARY-CONDITIONS-WITH-VEG

I-TUE

XE-TIUE

NTABL-6
C

C GET-TABLE-VALUES

ASSIGN 960 TO 199930

GO TO 99930
C

960 UA"YN

XN-TUE

NTABL,4
C

C AI'MS•PEIC-INFRARED-3,ISSION-ATERM

ASSIGN 980 TO 199879

GO TO 99879
C

C CALCULATE INCOMING SOLAR RADIATION.

960 CORTINUE

DAY-ECC(C1,8)

ASSIGN 43 TO 199985

GO TO 99985

43 SOL-SUN

C

IF(UA.LT. 10. O)UA-10.0

UAF-0. 83*SI•UA*ST(CU)+( 1. -SIGI)*UA

DELTNEP5.
C1-0. 01*(1 .+30. 0/UAF)
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DU-(UA-UAF)IZA

51-1/(.05+.0021*(SL60))
I5-RS*STAl/ (7.0*SIGF)

ATF(1),V

ASSIGN 1210 To 1950

G0 To 950

1210 CONTINUE
IU•(1)-WID•

1240 /-TF4DELTHP

UDEU-,DU+1

ASSIGN 1220 TO 1950

00 TO 950

1220 CONTINUE

IF(3U.BOQ.3.AID.Fl 3.LT.0.0)TIEN

?UDlDS• *E ( -1.0)

END IF
WIE (2),,lU3

I7(F•(1)*IU(2).LT.0.0) GO TO 1230

IF(RDE.2Q. 5)Tram

GOTO 1230

ED IF

IF(ABS(Ffl(2)) .GT.ABS(CF•(1)))DELTHP--5.

IF(CDHE.LT.100)0O TO 1240

WRITE(*,*)'F IAOLLE EN BUDGET HAS NOT CROSSED X-AXIS'

WRITE(*,*)'AhT 100 SEARCH STEPS. CHECK XINPUT DATA.'

STOP

1230 CONTINUE
NDEXI,-O

ATF(2)-,TF

1270 SLOPE2-(FEU(2)-FES(1))/(ATP(2)-ATF(1))

DIUTFl(Q1)-SLOPE2*ATFC 1)

TF0"-BINT/SLOPE2
NDEXI"HI)ECI+I

IF(ABS(TF-TFO).LE.0.01)GO TO 1280

I1(VDEl.Q.s5)TiM

GOTO 1260

END IF

TFTPO

ASSIGN 1250 TO 1950

GO TO 950

1250 CONTINUE

IF(PFDB*FlU(2) .GT.0.0)IP-2

IF(FEl•*En(1) .GT.0.0)1P-1

ATI(IP),V

FU(IP)-FEN

GO TO 1270

1260 GO TO 199O00

C --------------------------------------------------------------

C TO CALCULATE-UPPE3-8OUND0AR-VALUES-F•-FII•

99797 CONTIMUZ

DELTMW5.
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AI'F 1)-T0lL

ANIGON 1310 TO 11300

GO TO 1300

1310 CONTIUZU

FEC(1)-VEKB
lsg-0

1340 TDL?3DL+DZLD

ASSIGI 1320 TO 11300

GO TO 1300

1320 CONTINUE

FEB(2)-FEzn

IF(FZB(1)*FEB(2).LT.0.0) 00 TO 1330

Iy(ND11.3.5)THIN

G0O0 1330

END IF

IF(ABS(FUB(2)) .GT.ABS(FU(1)))DELIHP--S.

17(UDEX.LT.100)GO TO 1340

WRITE(*.*)'QitUMD ENRDGT BUDGET HAS NOT CROSSED X-AXIS'
MITE(*,*)*A.1ER 100 SEARCH STEPS. CHECK INPUT DATA.'

STOP

1330 cOITnIUE

NDEX1-0

ATIF(2)-TL

1370 SLOPE2-(FU(2)-FED(l))/(ATF(2)-ATF(1))

BINT-FED( 1)-SWPS2*AT( 1)

TO--BINT/SLOPE2

NDEX1-NDHE)1+1

IF(ABS(TVL-TF0).LE.0. 001)GO TO 1360

IF(CNIO(.EQ. S)TEM

GOTO 1360

END IF
TpL-TF0

ASSIGN 1350 TO 11300
GO TO 1300

1350 CONTINUE

IF(F N*FES(2) .GT.0.0)IP-2

Ir(FEND*Fn(1) .GT.0.0)IP-I

ATF(IP)-TDL

FlB(IP)-FENB

GO TO 1370

1360 STRC(5.1)-ITEL

IF(TDL.GE.273.15)TEEN

TML-273.15

END IF

GO TO 199797

C --------------------------------------------------------------

C TO CALCUIATE-EZNT-BUDGET

950 TA1C(1.-SI0F)*TA+SIW*(0.3*TA+0.6*TF+0. 1*TDL)

DTAETA-(TA-TF)*FACTU/ZA
T AETAV-(TA+TF)'*ACTH/2. 0

RI-G*DTWTA/ (THETAV*DU**2)
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,AWA--O. 601". 3468*PEM/((TF+TA)/2.)

C092-1.175

!E-.75

IF(UL.LZ.O.)GO TO 1280

IF(RI.GT. 0.2)R1-0.109

coa1-5

CG.2,1.
EX-2. 0

1280 CTINUIZ
BUDt-RBOAIF3 EQ*ZA**2*DU

& *O2*(1. -COEIR )**U

SBY-TU*CP*DTI•TA*60.

XL-597.3-0. 568*TAF

RA-(ALOG((ZA-ZD6P)/Z0)*CO2* ((1. -COE1*RI)**) )**2

& 1(. 16*UA)

]DP-RA]I (RS+kA)

QF.-3iM?- T(T7)+( 1. -RDP)*QAF

nA?-( 1. -SIGF)*Q(TA)+SIG (Q(TA)*0.3+QF*0.6+QG*0. 1)

.. F--(R]mAF*CPIO.66)e (ESAT(TY)-E(TA))/(RA+RC)*60.

IF (EF.LT.0. O)PI0".0

Slm•FrOLA*SOL

XLNIM4E)F*AT]M

TG•,,EP*EZS/IP1*SIG(A*T]4L**,4

TI74-(EP1+PS)/ZI*P1EPT*SIGIA*TF**4

FEM-SIGF*(SJwXLijW+T,4-TF4 )-BSF-EF
O TO 1950

c --------------------------------------------------------------

C TO CALCULATE-EMY -BUDG1T-F -3-GRUND

1300 CONTIMUE
TI",ALPE (1)*lR( 1)* (STOR(1,3) -2.*$TOR]l.(2)+8TC)R(1,1) )

"& +STOR(1.2)

TF?4,SIGIA*TF**4

"TG4-SIGM1*TDL**4
Q0-WLT*WQAT (CTL)+(1. -V?)*QAF

RHOAG-0. 001*0. 348*PRESS/TAF

XL1"597.3-0.566*(TAF+TMUL-2.0*273.15)/2.

SG,(1. -SIGF)*SOL

RLU-(1. -SIGW)*(PSW*T+(1 . -EFSN)*ATER])

"& +SIGF*(E *TG4+C(1. -E1S1)*EPF*TF4 )/EP1
,-C(l. -SBI()*ATEMSIG*(IP*TF4+( 1. -EPF )*EPSN*TG4 )/EP1

SSGORWAG*CP*CG*-UAF*(TDL-TAF)*60.

ELG-2*cAw*UA1*(QG-QAF)*60.

FI3D=S4AL•A*SG-RLU+RLD3-SG-ELG*XLI+(T1-TEU.) /SFRQ( 1 )*FK( 1)

GO TO 11300

C ----------------------------------------------------------------

C TO CALCUIATE-RADIAdKE-VALUES

1410 CONTI3UZ

•31AD-(C(1. -SlF)*(1-][1S)+SIGF*(1-EPF))*D00UIP

OFG3"EWP*O. 61321- 10*"*4

G33•-IPSM'0 . 8132[- 10*TEML**4

SU3R1O3IW1*.G+C ( 1. -SIGF7)*IG•
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EUI-SIGFEPF÷+( 1. -SIGF)*EPSN

TEFF(SUiRFGB/0.8132E-10)**.25

ISURFG-SURFGB*60

TZFRC (((SURFGB+RElRAD)/(0.8132E-10))**.25)

TZRA-lREFRAD*60

ISOL-SOL*60

SG,((1.0-SIGF)*SOL)*60

IASOR-AMLIASG

GO TO 11410

END
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C OPTION 3-KASS CONSERVATION ROUTINE
C

C FOR A 2-LAYER PACK

3001 DELJRIS (DELQHIK(LATF*VNEINt(1,6)*1000)))*100

IF(DELRNS .GT. 0.0 )TU

IF(DELMRS.GE.TM (1.1) )THEE

ABC-DEL3NS-TUD=(21,1)

DFG-TMO ( 1,1)

TMM2(1.1)-0.0

DEL0i•("ABC*L.EAT"F*(VNEWSN(1, 6)*1000) ) )/100

DEL.OS"(DELQ4/( LH.ATF*(VOLDSN(1.6)*1000) ) )*100

IF (DELROS. GO. TM2 (2, 1) )THEN

GOTO 5002

ELSE

TrDUX2(2.1)T-T=2(2,1)-DELROS
DEPTB-15DC2(2.1)

NOMATL-1

NIPTS"2

DO 800 J-1,6
TlllOl( D)-VOLDS (1, J)

800oo COINUE

TM=(1(1,1)-DEPTH

DERPU1(1.2)-AVSTP

DEMI'1(2,2)-AV'OTTP

DEPM1(2,1)-DEPTH

GOTO 5000

END IF

ELSE

TH!2(1., 1)-T!DU2(1. 1)-DEL.NS

DEPH2(3.2)-AVSTP

DEBUK2(3,2)-AV9OTTP

DEPIUZC(3,1)-DEPTM

DER2(2, Z1)-TM=2(1, 1)

DEPMt2(2,2)-((DEPK22. ,1)/DEPTH)*(AVBOTTP-AVSTP))+AVSTP

GOTO 5000

END IF

ELSE

C

C FOR A 1-LAYER PACK

4000 IM (CU 1(11,6).EQ.VlSEN(1,6))THEN

DELRU8 (DE.LQM(LUEATF*C(VNIUN(1,6)*1000)) )*100

IF(DE3OS.GT.0.0)THEN

IF(DELS.GZ.TUDW1(1. 1))THEN

GOTO 5002

ELSE

aI(, .n .)-TMIn(1, l)-DELNS

DlW•(TUM-T (1. 1)

DOll (I .2 )-AVSTP

DZEM1 (2.2),AVl0TT?
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DEZRUI(2. 1)-=llg(1,1 )

GOTO 5000

END 17

GOTO 5000

END IF

DELJtO-,(SDEL /(I.LBEATF*(VOLDN(1, 6)*1000) ) )*100

IF(DE•LROS.GT. 0. O)TUE

IFC(DLROS.GE.TUDU1(1,1) )TNEN

GO0O 5002

ELSE
TM 1(1,1)-TBM2,UI U.1)-DELO

DEPTr-TUliC (1. 1)
DEPMXI(1,2)-AVSTP
DERiC 1.(22)&•orr
DEP'•I(2.2)-AVO• 1(P

GOTO 5000

END IF

ELSE

GO'J0 5000

Dm IF

END IF

C

5000 ZF(N•PATL. EQ. 2.AAND. TN22 (1.1).LT. 1.O)TMW

DEPTE-THMU2( 1,1)+TMM(2,1)

NOHATL-1

NIPTS-2

DO 450 3J1.6

Tm 1(1 ,J)"VOL)SN(1,J)

450 CLOTINUE

TN= 1(1,1)-DEPTB

DEPWI (2, 1)-DEPTH

DEHXI (1,2)-AVSTP

DEU•1(C2,2)-AVBOTTP

END IF

C

MRSN-DFG+DE.ROS

WENS-DFG*VNESXN( 1,6)

WZO6-DELROS*VOLDSN( 1,6 )

IF(MRSN.LT.O.O)TfEN

RSMN0.0

END 1F

IF(ME.LT.O.O)TUEN

om- -.0

ZND IF
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VARIABLE DEFINITIONs: SN13M

(1) MAIN PRORA

AIRTP Air temperature, *C.

AVAR Mean daily shortwave radiation absorbed at the surface, Mm-2day-2 .

AVATER Mean daily shortwave radiation absorbed at the surface. 3Jm2 day"1

AVBTTP Mean daily temperature at the base of the snowpack, 'C.

AVDTER Mean daily evaporative heat flux, Jm-2 day-'.

AVGBR Mean daily reflected longwave radiation, 15m3 day

AVET]• Mean daily sensible heat flux, 3Jm. day

AVSOL Mean daily incoming shortwave radiation, Jm-2 day-'.

AVSTP Mean snow temperature, *C.

BOTTP Temperature at the base of the snowpack, *C.

CELL Identification number of the computational call being modelled.

CRITDP Critical snowdepth, 5cm.

DAITH Matrix holding TS7H output values for manipulation.

DAY Julian date of day being modelled.

DAYl Julian date of SWONO initiation.

DDATE Julian date of day being modelled.

DELQS AQ., snowpack internal eonrgy change, MJm
2

day
1

-3
DENSN Density of snow, Sm€

-3
DOwm Density of water, acm

DZERUI Depth matrix for a 1-layer pack.

DE1IU2 Depth matrix for a 2-layer pack.

DEPTh Snowpack depth, m.

DEPTfl Used in calculation of depth when converting 'new snow' to 'old snow'.

DUD? dU/t, part of the snowpack energy-budget equation (equivalent to AQe). redundant.

"• ----.- -- ,..mileU i m iiS m • m •I5
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ZNAV4 Energy availiable for melt, AQ%, calculated using energy totals. 14Jm day

G1134 Ground heat flux, calcm-
2
m.in

1
.

BCAPSN Beat capacity of snow, kJkg C

BCAPW Beat capacity of water, kJk& C-.

ILAPSE Detestinea which elevation data file is used to modify the air temperatures with

laps* rate.

MRAII Indicates occurence of rain-on-snow. If irain-0 then no rain-on-snow occured, if

irain-l rain-on-snow occured.

ISNOW Indicates if snowed on the previous day, isnow-0, no snowfall on previous day,

isnow>0, snowfall on previous day.

IVEG Determines whether VEGIE is activated or not and which vegetation input file is

used.

11 Count of the number of days modelled, ie. the number of times the 'do 5001' loop is

used.

X2 X2-0 indicates that SNOO modelled soil in the previous iteration or that SNC(O is

not modelling the first iteration. X2-1 indicates that that SPOM modelled snow in

the previous iteration or that it is the first iteration.

X3 X3-0, indicates soil modelled in previous iteration, K3-1, indicates snow modelled

in previous iteration.

X25 Count of the days elapsed since the last snowfall.

130 Indicator to facilitate the calculation of xsntp, in the melt calculations.

MLVIl Air temperature converted to degrees kelvin.

KormL Count of the number of days modelled.

-1
LREATY Latent heat of fusion, 3kg1

NUSD Weltrate, cm enow.day"
1

mom Meltrate, me mom water equivalmt.day-1

-2 -1NToAD Not radiation, m day
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liTs The number of times the output time print frequency is divisible by the time steps,

used to determine when to print output.

EKI Used with WORM to toerinato SYM4.

AGUATL The numer of material layers used in solving the heat flow.

PPTX Precipitation, = water.

PTEtI Best input to pack by rain-on-snow, jm-2 day-'.

RE Relative humidity, Z.

SNIDPl Initial snowdepth, cm

SNPPTN Precipitation mount, cm snow.

-3
SNVOL area x depth. m

SOILDP depth of soil profile at the base of the snowpack, co.

SOILTP Soil temperature at depth, taken at soildp, 'C.

3 - 1 -l1
SPHTI Specific heat of ice. 2.10xlO JAks -

SPUIW Specific beat of water, 4.18x10
3 

3kg'l"K-
1

.

SSOLTP Surface soil temperature, *C.

STP Surface temperature. 'C.

TABSOR Total daily shortwave radiation absorbed at the surface, 13. -2day-1

TATElM Total daily incowmin longwave radiation, Wme day

-2 -1TDTERU Total daily evaporative heat flux, 11m- day

TGBR Total daily reflected radiation, KJm-2 day-".

TMID4 Thickness matrix for a 1-layer pack.

TM=2 Thickness matrix for a 2-layer pack.

TSTWA Total daily aensible heat flux, 113-2 day-1

TIPrM Daily observation time, used to aid the sequential reading of the daily observation

time.

TH&X Lapse rate alteration of the maximum daily air temperature.

THNX Lapse rate alteration of the manzmm daily air temperature.

TIOL Total daily incoming solar radiation, MEm
2
day

1
.

' .. . ---- - m --- a~~mmtimum maI °q"" • - -•"W
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VHDW Vector holding new snow values of thermal diffusivity, heat conductivity,

smiasivity, albedo and density.

VOLDS9 Vector holding old snow values of thermal diffusivity, heat conductivity,

emismivity, albedo and density.

VSOIL Vector holding soil values of thermal diffusivity, heat conductivity, emissivity,

albedo and density (redundant).

WEl Used in the calculation of depth when converting 'new snow' to 'old snow', cm.

=X(J,18) Julian date.

XQ(J,1) Observation time.

YEAR Year of the simulation data.

YYY(J,1) Minim- air temperature, *C, table 1.

YYY(J,2) Relative humidity, Z, table 2

YYY(J.3) Cloud cover, 0-1, table 3.

YYY(J,6) Wind speed, ma-1, table 6.

YYY(J.7) Precipitation, mm water.

YYY(J,9) Matzimug air temperature, *C.

(2) TSTh

AB Mugge-Mbller absorption function.

ACL(8) Coefficient, a, dependent on cloud type, used in the calculation of CTF.

ALPUCIX) Therma! diffusivity of layer IX, cm fin

AO Atmospheric albedo for Rayleigh scattering.

3 -2 -1.AIM FACTE*TZ3 . calcm mn c.

B Heat conductivity of surface, calcm-2.mn 1 .C.

BBE(J,1) Y intercept of linear equation, used for table interpolation.

SC Constant used in the calculation of water vapour pressure.

DCY (8) Coefficient, b, dependent on cloud type, used in the calculation of CTF.

DEP ottm boundary thermal IR missivity.
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B Bottom surface geometric shape, fraction (0.0-1.0)

3PRE Heat conductivity of bottom boundary layer.

BTEM ZEnergy contributed by insolation after adjustment using surface abaorptivity,
s,.-2 -1"I

CC CLOUD * CLOUD.

COEl Coefficient used in the calculation of HTERM, DTEIR, EF and DTERi, sot according to

Richardson' s Number.

COE2 Coefficient used in the calculation of HTER4, DTERM, EF and DTERM, set according to

Richarson' Number.

COEF Part of calculation of interface values.

CLR(8) Coefficient dependent on cloud type, used in the calculation of incoming longwave

radiation.

CLOUD Cloud cover, fraction (0.1-1.0).

CP Specific heat of dry air at constant pressure.

CTEMA Air temperature in degrees kelvin, used in calculation of evaporative heat flux.

CTF Cloud adjustment factor.

DAY Julian day used in solving insolation.

DCOEF Part of calculation of interface values.

DDDT dT/dTg, part of upper boundary calculation.

DECL Solar declination angle.

DELT Time step in hours.

DEPTH(I¥) Matrix holding layer depths.

DEPTH(450) Depth of snow or soil profile.

DGOKIR Incoming longwave radiation, calco-2mmn-1.

DF3H Heat flux, calb. mm n-1, at bottom boundary or temperature in rankines at bottom

boundary.

DP0H0 Temperature of bottom material, *C, used when LFLUX-0.

DPHM41 Beet flux of beneath bottom material, caLcm-2mn-1, used when LFLUXY not equal 0.

DTHEM Energy flux due to evaporation.

IA Water vapour pressure of the air.

mLy Latitude, radians.
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EPSY Imissivity of surface material.

ES Water vapour pressure of the surface.

ESAT(T) Saturated vapour pressure at temerature T.

E(T) Vapour pressure at temperature T.

F2 Part of the calculation of bottom boundary values.

FACTA SIGVA*EPSN

FACTD FACTD-SIGMAtBK*IEPaTR**4, used in bottom boundary clculation when there is airspace

beneath the bottom layer.

FACTE FACTE-SIGVAaBKeBEP, used in bottom boundary calculation when there is airspace

beneath the bottom layer.

FACTS FACTB.(1000.0/PUSS)**0.286, used in solving convection term (STERN).

-1 -12. -1FK(IX) Heat conductivity of layer IX, calmin cm l-

FPH(J,I) Slope of linear equation, used for table interpolation.

G Acceleration due to gravity.

GTER2 Ground heat flux, calcm'
2
.in"

1
.

HEADER 72 character input variable used to print comments on output (not utilised in

8110M).

BTERM Energy loss or gain due to convection, calcm-2.,n-1.

IEFSWr Switch, when -0 will print output only at specified time, if not -0 will print

output at every iteration.

ZEOF Set from 0 to 1 when an EOF is encountered, used to terminate program.

III Count of number of interval iterations in calculation of upper boundary values.

IMfTL Backward counter of layers, starting with the number of layers.

INrR(IX) Beginning sub-layer depth number for layer number IX.

IPRNT Backward counter SZT+NPRNT. W6hen -1 output is printed.

ITER Iteration counter used in finite difference calculation of heat flow equation.

ITIME Backward counter initialize as total time steps in hour.

Ix Layer ouber starting with top layer.

Iy Sub-layer depth nuer.
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J The total number of sub-layers.

1:O Count of the number of internal iterations of TSTH, in order to calculate the daily

means of the TSTH caLcuated ener&Y-budget and temperature variables.

KSQ von Kaaml's constant squared.

]TUIPA Air temperature, degrees kelvin.

KTDIG Surface temperature, degrees kelvin.

LAYERS Count of the profile layers.

LAT Latitude used in solving insolation.

LFLUXY Input bottom boundary data control switch. If -0, there is no heat flux through

bottom of materiel, if negative there is no air space beneath bottom material, if

positive there is air space beneath bottom material.

LS Diumy variable to read line number from input file.

M Secant of solar zenith angle, radians.

MAX(J) Number of input table values used in table interpolation module.

NCLOUD Cloud type index number (1-9) used in solving insolation, IR emission.

UETRAD let radiation, tm-2day-1.

NIT Number of iterations used in heat flow calculations.

MKWIT Used with XOfTRL to terminate SHOW.

iTABL Table numer.

NX(IX) NX(IX)-T=(IX)/SFRQ(IX), number of sublayer of each layer.

OUTCD Output manipulation variable.

PI 3.141593

PRESS Atmospheric pressure, *b, used in solving insolation.

1TD1 BginLning tine of output-total nmber of hours minus 24, used in print output

module 2.

QgSAT(T) Saturated specific htuidity at temperature T.

Q(T) Specific buidity at temperature T.
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REP 11iaaivity beneath airspace.

RBOA Air density, calculated as part of sensible heat calculation.

RBOC(IX) FK(X)hm l(ox), calcm 2 Kx-1 .

RI Richardson's Nuber, index used in solving HTERW, DTRM>, YER , El.

1K Surface beneath airspace geometric shape, fraction (0.0-1.0).

RR(IX) RR(IX)-DELT/SFRQ**2, part of heat flow equation.

SAZ Solar azimnth, radians.

SCF Used in calculation of sensible heat flux, determined by the Richardson number.

SFRQ(IX) Vertical grid spacing in cm in each layer IX, cm2m" 1
.

SIC? Insolation adjustment due to zenith angle, surface slope and surface aspect angle.

SITGA Stefan-Boltsman Constant, 8.12e-11.

SLOPE Surface slope, degrees, with horizontal -0 degrees, used in solving insolation.

S3ALLA Absorbtivity of surface material.

-l
SPEED Wind speed, cmecc

STABN Numierical stability parameter, S0.5 for numerical stability.

STC)R(1,IY) Estimate sub-layer temperature, degree rankine.

STC(2.IY) FK, heat conductivity of sub-layer IY, calain'OcNK 1
.

-2. -1STRt(3,IY) RJ3C. FK/ALPS, calcm K

STOR(4,IY) Constant dimensionless.

STOR(5,IY) Initial snow temperature, degree rankine, of initial snow profile.

STCR(6,IY) Sam as 8=r(2.IY).

STOR(7,IY) Some as ST1'(3,IY).

SI.um Count of daily energy totals.

SUN Calculated insolation value.

SURFAC Surface azimuth, degrees, with south -0, west -+90 and east -90 degrees, used in

solving insolation.

T Same an TIME.

TA Air temperature. degrees rankine.

TAC Air temperature. *C.

TAX Air temperature, 'K.

TAL Constant used in the calculation of WATfR.
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TS Thermal conductivity of bottom material, calcm'
2

"clmin"I
1

.

TD Dew point temperature used in the calculation of WATER.

TI4L Surface toeperature of material, degrees rankine.

TUB Bottom layer temperature of material in degrees rankine.

TFRO Time step in minutes used in solving heat flow.

TUK(IX) Layer thick•ess, in cm of layer IX.

TIME Time in hours which material temperatures are estimated.

TIMM Sun's hour angle, radians.

TITLE Surface temperature. "C.

TOTTD4 Total number of 24 hour repetitions used in solving heat flow.

TERNT Output time print frequency, minutes.

Ti Temperature of airspace beneathbottom material.

TSK Material sub-layer temperature, *K.

TYNE Time in hours, used in insolation calculation.

WATER The mount of precipitable water, mm, used in solving insolation.

WET Moisture content of surface material.

X(J,1) Time in hours for table I (air temperature).

)X=(J.2) Time in hours for table 2 (relative humidity).

)=X(J,3) Time in hours for table 3 (mount of cloud cover).

X=0(J,4) Time in hours for table 4 (solar insolation).

= 1(J,5) Depth, cm, for table S (temperature profile) initial temperature profile, C.

YYY(J,4) Insolation, calcm-2winn-, if 0.0 at 1200 hours, insolation values will be

calculated, table 4.

Z Solar zenith angle.

ZA Shelter height, cm.

ZASS Shelter height, ca,

ZZA Surface temperature of material, degree rankine.

US• Bottom layer temperature of material in degree rankine.
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(3) VEGIE

ATZ?4 Atmospheric IR mission. calcmi-.in1.

ATIF() Part of the root-finding algorithm.

ATF(M) Part of the root-finding algorithm.

BIN' Part of the root-finding algorithm.

CHO Dimensiomless heat or moisture transfer coefficient applicable to the top of a

dense canopy.

CUB Dimensionless heat or moisture transfer coefficient applicable to the top of a

dense canopy.

CSG Beat transfer coefficient equation interpolated between ground with no cover, CHO

and complete cover, CUO.

CP Specific heat of dry air at constant pressure.

DELTHP Incremental temperature for the root-finding algorithm.

DTHETA DTHETA-(TA-TF)*FACTE/ZA, used in the calculation of the Richardson Number.

DU Used in the calculation of the Richardson Number.

E(T) Vapour pressure at temperature T.

EF Latent heat loss to the atmosphere for the foliage.

1FF Effective temperature.

ELG Latent heat loss to the atmosphere at the ground surface.

Bpi Part of the calculation of the onergy budget for foliage.

EFF Imissivity of foliage.

IPSE Emissivity of ground (snowpack) surface.

ISAT(T) Saturated vapour pressure at temperature T.

Mc Coefficient used in the calculation of STEIR, DTEM4, BTER and EF, set according to

Richardson's Nimber.

FACTE Potential temperature.

F11(l) Part of the root-finding algorithm.

FZ1(2) Part of the root-finding algorithm.
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FEIN Energy-budget of the ground and foliage surfaces respectively.

FK(IX) Beat conductivity of ground (snowpack).

FOLA Absorptivity of the foliage layer (I-albesdo).

FOLGB Foliage thermal IR emittence, calm-
2

min"1.

G Acceleration due to gravity.

GRIIDGB Ground thermal IR smittance, calcm-2.,n-1.

HFOL Foliage height, cm.

NSF Convective energy flux across the foliage surface.

HSG Convective energy flux across the ground (snowpack) surface.

BI M Part of the calculation of RSF.

QAF Specific humidity of air within the foliage layer.

QF Specific humidity of the air at foliage height.

QG Specific humidity of the ground (snowpack) surface.

QSAT(T) Saturated specific humidity at temperature T.

NDEU Count of the number of times the energy-budget for the ground or the foliage was

calculated.

RA Atmospheric resistance.

RC Canopy resistance to water vapour diffusion

RDF Fraction of potential evaporation rate from foliage.

RNFRAD Surface related radiation, calcm-
2
min-

1
.

RUOAF Density of air near ground surface.

RICAG Density of air near the ground surface.

RI Richardson iumber.

RLD Downward longwave flux over ground (snowpack) surface.

RLU Upward directed loagwave flux radiated from ground (snowpack) surface.

RS Ntmnatal resistance.

SFRQ(IX) Distance of first grid point beLow the surface.

BG Incoming solar radiation reaching the ground (snowpack).
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Smount of shortewve radiation absorbed by foliage.

SIN Foliage cover fraction.

SIGIMA Stofen-Soltomma constant.

SLOPl Part of the root-f indig algorithm.

SNALL Ground (snowpack) surface absorptivity.

SOL Calculated solar insolation reaching the top of the foliage layer.

STAT! Arbitrary multiplier (STATZ3O) of RS used to account for sencesence, stress etc.

SURLGU Surface (foliage + ground surface) thermal IR amittence. calcm-2.in" 1
.

TI Temperature at first grid point below surface, distance SUFQ(IX), in TSTN heat

tr•nsfer algorithm.

TA Air tmperature.

TiFF Noea effective temperature.

TIFR TIFF with reflection incorporated.

TDL Ground (snowpack) surface temperature.

TI Foliage temperature.

TFO Part of the root-finding algorithm.

TF4 Part of the calculation of FUn.

TG4 Part of the calculation of FEM.

TIETAV Used in the calculation of Richardson's Nuber.

UA Wind speed.

UAY Wind speed of air in the foliage layer.

WET Moisture content of ground (anowpack) surface.

XL1 L-f(T ) used in the calculation of the latent beat of evaporation, a function of

air temperature.

XJIGW Part of the foliage uaergy-budget calculation.

10 loughness length.

ZA Instrument beight above ground (snowpack).

10P6 Zero displacement holeht.

bw .15 ,m • Y . .k o nm Nmm• • m w -., -1 . ... W_•r : .•• • • • • . , • " . . .-. =*
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