LAB 8 INTRODUCTION TO GEOGRAPHIC MODELING

For this lab exercise you are to calculate the direct solar radiation per grid cell for the slope (RadDrS) and for the horizontal surface (RadDrH) over the daylight hours of Julian Day 180 using the windowed DEM map of the Flathead National Forest Glacier View area called DEMSUB or a DEM of your choice.

The potential insolation on the earth’s surface is calculated as the solar constant (SolCon) at the top of the atmosphere adjusted for the density and transmissivity of the earth’s atmosphere (TranCo) and the angle of incidence of the solar beam (CosAnI such that: 

RadDrS = SolCon * TranCo * CosAnI

RadDrH - SolCon * TranCo * SinSAl
where:

 
SolCon = 1360 WATTS / M2


TranCo = (varies based on particulate matter and cloud cover and atmospheric density)

and for each grid cell

CosAnI = SIN (SlpInR) * COS(SolAlt) * COS(SolAzi - AspFrS) + COS(SlpInR)* SIN(SolAlt)

which varies depending on the slope (in radians) of the cell, the altitude of the sun in the sky, and the azimuthal direction of the sun’s beam, adjusted from the South. (Equation is from Gates,1981).

This ‘potential insolation’ equation (above) is basically the same equation given in the IDRISI Exercise 4 “Modeling the Impact of Mountains on Regional Climate in which

IIP = kpеcosν 
where: IIP is the instantaneous insolation potential


k is the solar constant measured as 1.98 langleys/min/cm or 1360 watts/m2
            p is the atmospheric turbidity index 

            e is the atmospheric density that the sun’s rays must penetrate

            ν is the angle of insolation for a planar surface

In order to simulate insolation over the day your program must be organized as follows:

A main program (Sunshine) that controls the day, hour, and map loops, and uses a module (SunMod) that contains 2 sub-routines (DayLen) and (Insol) that are called by the main program.  The first subroutine calculates values that change daily, and the second those that change hourly.

A guide explaining all variables can be accessed here, and the subroutines here.
In the main you should first initialize (use a parameter variable declaration) the hour to radians conversion factor (HRS2RAD) and the degree to radians conversion factor (DRCONV), the latitude in degrees (DLAT ) and longitude in degrees (DLON) of your site, the solar constant (SOLCON) and the atmospheric transmissivity (ATMTRN).

The degrees to radians conversion constant (Drconv) is 0.017453292.  The hours 2 radians conversion (Hrs2Rd) is 0.2618.

Then you will calculate LMT (local mean time of the time zone your site is located in) as follows:

 DO  J = 1,20

       LMT = J*15 ! 15 degrees per time zone.

       IF (LMT.GE.DLON) EXIT

 END DO

where:

DLON  is the longitude in degrees of the center of your study site.  

Use this to calculate the difference (TIME_ADJ) between local apparent time (the clock time at your site) and local mean time (LMT) (See Page, 1986 or Gates, p.       ) as follows depending on the longitude of your site:

West of Greenwich

TIME_ADJ = (LMT – DLON) / 15

East of Greenwich

TIME_ADJ = (DLON – LMT) / 15

You are now ready to start the day loop as follows:

DO JDAY = 180,180

       Call the subroutine DAYLEN ! This will be given to you.

In the SUBROUTINE DAYLEN you must first calculate the  Day Angle

DAYANG = 6.28 * JDAY/365.25

And then the solar declination as

SOLDCL = ASIN(.3987*SIN(DAYANG-1.3998+0.0335 *SIN(DAYANG-0.0489)))

And the daylight hours or ‘half day length’ (HFDAYL), which is a function of the latitude of your site (RLAT) (converted to radians) and is computed as follows:



DLFACT = - TAN(RLAT) * TAN(SOLDCL)

If your site is above the artic circle in the summer the DLFACT will be less than –1 and the HFDAYL will equal 12 * the HRS2RAD conversion factor, but if your site sits above the artic circle in the winter HFDAYL = 0 (no sunlight).  Otherwise 

HFDAYL = ACOS(DLFACT)

Two adjustments, used in calculating the solar altitude, are a function of the latitude of your site and the solar angle with respect to the equator, which is called solar declination and changes with time of year.  These are calculated as follows:



SOLAD1 = SIN (RLAT) * SIN (SOLDCL)



SOLAD2 = COS(RLAT) * COS(SOLDCL)

A preliminary step in converting local time to true solar time is the equation of time calculation, which accounts for eccentricities in the earth’s orbit and is a function of the day of the year, and hence the sun’s angle.  It is computed as:

EQOFTIME = -0.128 * SIN(DAYANG – 0.0489) – 0.165 * SIN(2.0 * DAYANG + 0.344)

This will complete the DAYLEN subroutine.

Back in the MAIN PROGRAM you must commence the hour (HR)  loop, and open a file for that hour’s output.  Since you will reread your slope and aspect maps each hour you must rewind them before reading them.  Now you can start your map loop, read in slope and aspect for one cell, convert them to radians and call the INSOL subroutine.  This, too, will be provided.

In the SUBROUTINE INSOL,  which will also be given to you, you have to convert local standard time to the true solar hour (SHR).


SHR = HR + TIME_ADJ + EQOFTIME

Then you have to calculate the hour angle in radians (RHA), which expresses the time of day 

as the angle between the sun’s current position and its position at solar noon.  It’s negative 

before noon, positive after.


RHA = (SHR –12) * Hrs2Rd

If the RHA is less than (-HFDAYL) or greater than or equal to (HFDAYL) meaning before sunrise or after sunset you force RADDRH and RADDRS to 0.  ** But if not (ELSE) you calculate the sine of solar altitude (SINSAL) and everything that follows:


SINSAL = SOLAD1 + (SOLAD2 * COS(RHA))

To avoid division later by zero if SINSAL equals zero set it to equal 0.00001


Now determine the atmospheric density (OPAIRM), which is the path length (through the 

atmosphere) of the sun’s rays at solar noon for that day, and the thickness of the atmosphere 

in the vertical direction, such that:


OPAIRM = 1.0 / SINSAL


Then calculate ACOSIN = ACOS(SINSAL).  If it’s greater than or equal to 1.57 

you have to force OPAIRM to equal 0.0001.

Finally calculate the direct beam transmission coefficient (TRANCO) as 

TRANCO = (1.415 * ATMTRN – 0.385) ** OPAIRM

If TRANCO is le. 0.0001, set it equal to 0.



Calculate the solar altitude (SOLALT)



SOLALT = ASIN(SINSAL)


Calculate the solar azimuth (SOLAZI).  First you will need the cosine of the solar altitude 

(COSSALT) and you will need to set it to equal 0.000001 if it equals 0.0 (to avoid division 

by zero later).



COSSALT = COS(SOLALT)


To get to the solar azimuth calculate the cosine of solar azimuth (COSSAZ) next.  If it’s 

greater than 1.0  set it to equal 1.0 exactly. Likewise if it’s less than –1.0 set it to equal –1.0 

exactly.  The formula is from Igbal, 1983.



COSSAZ = (SIN(RLAT) * SIN(SOLALT) – SIN(SOLDCL)) / (COS(RLAT) * 

        COSSALT)


Calculate solar azimuth (SOLAZI) to be negative before noon, positive after.



IF(RHA.LT.0) THEN

                            SOLAZI = - ACOS(COSSAZ)

                        ELSE

                            SOLAZI =  ACOS(COSSAZ)

                        END IF


Calculate the aspect of the cell in radians (ASPR) measured from south (in radians) (ASPFRS)



ASPFRS = ASPR – (180 * DRCONV)

And finally you can calculate the last piece of the equation required to give you RADDRS.  It is the cosine of the angle of incidence (COSANI) which is cosν in the IDRISI exercise.  Notice the difference in the equation below (from Gates,1981) and the IDRISI provided one.


COSANI = SIN(SLPR) * COS(SOLALT) * COS(SOLAZI – ASPFRS) + 



       COS(SLPR) * SIN(SOLALT)

Now calculate both RADDRH and RADDRS.  The latter is the one you will write to the hourly output file upon return to the main program. 

When you return to the MAIN program you will have the RADDRS computed for that cell, and you should write it to your output file, before doing the next map cell.

When all map cells are computed and written to hourly output file, close this file, and move on to the next hour.

To Hand In: 

Code with data dictionary and evidence of debugging (50 pts)
Time series display in IDRISI (you will show this in class) using the media viewer (35 pts)
Table showing the hourly output for the following cells (15 pts):
Hour 

Col

Row

Asp

Slp

Raddrs
Raddrh 

132     

  67

  86    

106

119    

110

135     

  98

133    

  84

  47     

116

  43     

  86

176    

115

119     

  11
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