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ATS 761: Land-Atmosphere Interactions
Assignment #1

1. Fort Collins, CO USA on August 21 (P=855mb)
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Fort Collins, CO USA on February 21 (P=845mb)
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Mogadishu, Somalia on March 21 (P=1010mb)
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Wellington, New Zealand on October 21 (P=1010 mb)
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2. [image: ]Graphs below represent average “daily” variations of surface temperature on the Equator of the Moon at 4.5 hr time steps. Note: I could not get the Temperature panel to run. I tried multiple time steps…1 hr, 2 hr, and 4.5 hours. The graphs below of radiation and heat flux are based ona 4.5 hr time step. I repeatedly received the error shown below when trying to run the Temperature panel. I tried Googling the error message and changing the x and y axis parameters and it did not make a difference. I assume my unfamiliarity with the program is contributing to my inability to solve the problem.

Error Message Received When Trying to Run Temperature Panel
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# Attenuation of solar radiation by the atmosphere
air.mass <- 1/cos.z * press/slp # Bonan eq 4.7
insol[LsT+1] <- 1.1 * Toa * 0.7Aair.mass # insol eq 4.6 +10% diffuse

3

return(insol)

- plot.insolation <~ function(insol, lat=lat, month-month, day-day, press=press){
# make a plot of the diurnal cycle of incoming solar raditaion at the surface

# Convert month number to month name
month.name <- c(’January’,’February’,March’, April’,‘May’, " June’,
*3uly’,"August ", "september ', ‘october *, "Novenber ", ‘December ')

# set plot margins
bottomvargin <- 4
Teftvargin < 5
topMargin < 1
rightvargin < .5

# set up plot margins
orig.par <- par(no.readonly=TRUE) # Remember changable parameters to reset later
par (marc (bottomvargin, leftmargin, topMargin, rightargin), oma=c(0,2.,1.,05)

# Plot the diurnal cycle of radiation
3, insol, tyj blue', Twd=s, xaxt="no’
paste(’Latitude =", lat, on’,month. name [month] ,day) ,
“Local standard Time', ylab = expression(watts—mi{-21),
4, cex.lab-1.3, cex.axis=1.2)

axis(1, at-seq(0,24,1), cex.axis=1.2)

# Add text for pressure and maximum insolation value
Text(3, 0.8*max(insol), paste(’pressure = ,press,’mb’))
text(3, 0.7¢max(insol), paste('max insolation =',format(max(insol), digits=4)))

# Restore original plot parameters
par (orig. par)
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# Given a location and date, give diurnal cycle ofincoming solar radiation
# at surface for each hour of the day. Return an array of 24 hourly values

# For details and a derivation see Bonan chapter 4
# Also some good info at http://en.wikipedia.org/wiki/Insolation
RS E

# model parameters
50-1367

ecc-0.0167
ps=0.4091
perih-1.7963
equinox <- 81
slp <- 1013.25

solar constant (watts/m2)

Eccentricity of Eart's orbit

obliquity (tilt) of Eart's axis (radians)

Angle between March equinox & perihelion (radians)
pay of the year when March equinox occurs
sea-Tevel pressure (mb)

T T

# find the day of the year

# nbays is the number of days in each month

npays <- c(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
daynum <- 0 # count days starting with zero

for (i in 1:(month-1)) daynum <- daynum + nbays[i]

daynum < daynum + day

# Theta is the position angle of the Earth in its orbit,

# counted in radians starting at the vernal Equinox (arch 22)

#  theta=0 is the March Equinox, theta=90 is Jjune Solstice

#  theta-180 is september Equinox, theta=270 is December solstice)
theta <~ 2 * pi * (daynum - equinox) / 365

# Convert latitude from degrees to radians
Tat <- lat * pi / 180.

# peclination for this time of year (theta)
# declination is the latitude where the sun is directly overhead @ noon
dec <~ eps * sin(theta)

# Earth-sun distance (ratio of mean to actual)
RO.diV.RE <- (1 - eccr2) / (1 + ecc * cos(theta - perih))

# Create output array for hourly insolation values
insol <- rep(Na,24)

# Loop through the hours of the day
for (LST in 0:23) {

# calculate insolation at surface
h < pi+2pi*LST/24 # Hour angle in radians of sun past noon
cos.z <~ sin(lat)*sin(dec) + cos(1at)*cos(dec)*cos(h) # Bonan eq 4.1

# Top of atmosphere insolation: Bonan eq 4.4

# (also see http://en.wikipedia. org/wiki/Insolation)

toa <- max(s0 * RO.div.REA2 * c0s.z, 0) # zero if sun is below horizon!
8 plotinsolation(insol, lat, month, day, press) *
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# Given a location and date, give diurnal cycle ofincoming solar radiation
# at surface for each hour of the day. Return an array of 24 hourly values

# For details and a derivation see Bonan chapter 4
# Also some good info at http://en.wikipedia.org/wiki/Insolation
AR RS

# model parameters

50-1367 # solar constant (Watts/m2)

ecc-0.0167 # Eccentricity of Eart's orbit

eps=0.4091 # Obliquity (tilt) of Eart's axis (radians)
perih-1.7963  # Angle between march equinox & perihelion (radians)
equinox <- 8L # Day of the year when March equinox occurs

slp <- 1013.25 # sea-level pressure (mb)

# Find the day of the year

# nbays is the number of days in each month

npays <- c(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
daynum <- 0 # count days starting with zero

for (i in 1:(month-1)) daynum <- daynum + nbays[i]

daynum <~ daynum + day

# Theta is the position angle of the Earth in its orbit,

# counted in radians starting at the vernal Equinox (arch 22)

#  theta=0 is the March Equinox, theta=00 is June Solstice

#  Theta-180 is September Equinox, theta=270 is December Solstice)
theta <~ 2 * pi * (daynum - equinox) / 365

# Convert Tatitude from degrees to radians
lat <~ lat * pi / 180.

# peclination for this time of year (theta)
# declination is the latitude where the sun is directly overhead @ noon
dec <~ eps * sin(theta)

# Earth-sun distance (ratio of mean to actual)
RO.diV.RE < (1 - ecc”2) / (1 + ecc * cos(theta - perih))

# create output array for hourly insolation values
insol <- rep(Na,24)

# Loop through the hours of the day
for (LST in 0:23) {

# calculate insolation at surface
h<- —pi + 2% pi * LST/24 # Hour angle in radians of sun past noon
cos.z <~ sin(lat)*sin(dec) + cos(lat)*cos(dec)*cos(h) # Bonan eq 4.1

# Top of atmosphere insolation: Bonan eq 4.4

# (also see http://en.wikipedia. org/wiki/Insolation)

Toa <- max(s0 * RO.div.REA2 * c0s.z, 0) # zero if sun is below horizon!
B sisoktionial, morth, tey pite) s

I

R Script +





image9.JPG
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
8
85
26
87
8
89
20
o1
o2
93
o
o5
%
o7
98
99

100

101

102
30:45

# Attenuation of solar radiation by the atmosphere
air.mass <- 1/cos.z * press/slp # Bonan eq 4.7
insol[LsT+1] <- 1.1 * Toa * 0.7Aair.mass # insol eq 4.6 +10% diffuse
;2
return(insol)
i
- plot.insolation < function(insol, lat=lat, month-month, day-day, press-press){
# make a plot of the diurnal cycle of incoming solar raditaion at the surface
# Convert month number to month name

month. name <~ c(’January’,February’, ‘March’, April’,'May", June’,
*3uly’,"August ", 'september ', ‘october ', "Novenber ", ‘December ')

# set plot margins
4

bottomvargin <
Teftvargin < 5
topMargin < 1
rightargin <

# set up plot margins
orig.par <- par(no.readonly=TRUE) # Remember changable parameters to reset later
par (marc (bottomvargin, leftvargin, topMargin, rightvargin), oma-c(0,2.,1.,05)

#_Plot the diurnal cycle of radiation
plot(0:23, insoll, typ="1", col="red’, Twd=5, xaxt="ro’,
main'= paste(’Latitude =',lat, "on’,month. namemonth] ,day),
xlab = “Local standard Time', ylab = expression(watts—m/{-21),
cex.main-1.4, cex.lab-1.3, cex.axis=1.2)
axis(1, at-seq(0,24,3), cex.axis=1.2)

# Add text for pressure and maximum insolation value
Text(3, 0.8*max(insol), paste(’pressure =,press,'mb’))
text(3, 0.7¢max(insol), paste('max insolation =',format(max(insol), digits=4)))

# Restore original plot parameters
par (orig. par)
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# Given a location and date, give diurnal cycle ofincoming solar radiation
# at surface for each hour of the day. Return an array of 24 hourly values

# For details and a derivation see Bonan chapter 4
# Also some good info at http://en.wikipedia.org/wiki/Insolation
AR RS

# model parameters

50-1367 # solar constant (Watts/m2)

ecc-0.0167 # Eccentricity of Eart's orbit

eps=0.4091 # Obliquity (tilt) of Eart's axis (radians)
perih-1.7963  # Angle between march equinox & perihelion (radians)
equinox <- 8L # Day of the year when March equinox occurs

slp <- 1013.25 # sea-level pressure (mb)

# Find the day of the year

# nbays is the number of days in each month

npays <- c(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
daynum <- 0 # count days starting with zero

for (i in 1:(month-1)) daynum <- daynum + nbays[i]

daynum <~ daynum + day

# Theta is the position angle of the Earth in its orbit,

# counted in radians starting at the vernal Equinox (arch 22)

#  theta=0 is the March Equinox, theta=00 is June Solstice

#  Theta-180 is September Equinox, theta=270 is December Solstice)
theta <~ 2 * pi * (daynum - equinox) / 365

# Convert Tatitude from degrees to radians
lat <~ lat * pi / 180.

# peclination for this time of year (theta)
# declination is the latitude where the sun is directly overhead @ noon
dec <~ eps * sin(theta)

# Earth-sun distance (ratio of mean to actual)
RO.diV.RE < (1 - ecc”2) / (1 + ecc * cos(theta - perih))

# create output array for hourly insolation values
insol <- rep(Na,24)

# Loop through the hours of the day
for (LST in 0:23) {

# calculate insolation at surface
h<- —pi + 2% pi * LST/24 # Hour angle in radians of sun past noon
cos.z <~ sin(lat)*sin(dec) + cos(lat)*cos(dec)*cos(h) # Bonan eq 4.1

# Top of atmosphere insolation: Bonan eq 4.4

# (also see http://en.wikipedia. org/wiki/Insolation)

Toa <- max(s0 * RO.div.REA2 * c0s.z, 0) # zero if sun is below horizon!
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# Attenuation of solar radiation by the atmosphere
air.mass <- 1/cos.z * press/slp # Bonan eq 4.7
insol[LsT+1] <- 1.1 * Toa * 0.7Aair.mass # insol eq 4.6 +10% diffuse
;2
return(insol)
i
- plot.insolation < function(insol, lat=lat, month-month, day-day, press-press){
# make a plot of the diurnal cycle of incoming solar raditaion at the surface
# Convert month number to month name

month. name <~ c(’January’,February’, ‘March’, April’,'May", June’,
*3uly’,"August ", 'september ', ‘october ', "Novenber ", ‘December ')

# set plot margins
4

bottomvargin <
Teftvargin < 5
topMargin < 1
rightargin <

# set up plot margins
orig.par <- par(no.readonly=TRUE) # Remember changable parameters to reset later
par (marc (bottomvargin, leftvargin, topMargin, rightvargin), oma-c(0,2.,1.,05)

#_Plot the diurnal cycle of radiation
plot(0:23, insoll, typ="1", col="red’, Twd=5, xaxt="ro’,
main'= paste(’Latitude =',lat, "on’,month. namemonth] ,day),
xlab = “Local standard Time', ylab = expression(watts—m/{-21),
cex.main-1.4, cex.lab-1.3, cex.axis=1.2)
axis(1, at-seq(0,24,3), cex.axis=1.2)

# Add text for pressure and maximum insolation value
Text(3, 0.8*max(insol), paste(’pressure =,press,'mb’))
text(3, 0.7¢max(insol), paste('max insolation =',format(max(insol), digits=4)))

# Restore original plot parameters
par (orig. par)
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# Given a location and date, give diurnal cycle ofincoming solar radiation
# at surface for each hour of the day. Return an array of 24 hourly values

# For details and a derivation see Bonan chapter 4
# Also some good info at http://en.wikipedia.org/wiki/Insolation
B

# mode] parameters
50-1367

*

solar constant (watts/m2)
0167 # Eccentricity of Eart's orbit
4091 # obliquity (tilt) of Eart's axis (radians)
perih-1.7963  # Angle between march equinox & perihelion (radians)
#
#

equinox <- BL  # Day of the year when March equinox occurs
sTp <- 1013.25 # sea-level pressure (mb)

# find the day of the year

# nbays is the number of days in each month

npays <- c(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
daynum <- 0 # count days starting with zero

for (i in 1:(month-1)) daynum <- daynum + nbays[i]

daynum <~ daynum + day

# Theta is the position angle of the Earth in its orbit,

# counted in radians starting at the vernal Equinox (arch 22)

#  theta=0 is the March Equinox, theta=90 is June Solstice

#  theta=180 is september Equinox, theta=270 is December solstice)
theta <- 2 * pi * (daynum - equinox) / 365

# Convert latitude from degrees to radians
lat <~ lat * pi / 180.

# peclination for this time of year (theta)
# declination is the latitude where the sun is directly overhead @ noon
dec <~ eps * sin(theta)

# Earth-sun distance (ratio of mean to actual)
RO.diV.RE <~ (1 - ecc’2) / (1 + ecc * cos(theta - perih))

# Create output array for hourly insolation values
inso12 <~ rep(Na,24)

# Loop through the hours of the day
for (LST in 0:23) {

# calculate insolation at surface
h<- —pi + 2 % pi * LST/24 # Hour angle in radians of sun past noon
cos.z <~ sin(lat)*sin(dec) + cos(lat)*cos(dec)*cos(h) # Bonan eq 4.1

# Top of atmosphere insolation: Bonan eq 4.4

# (also see http://en.wikipedia. org/wiki/Insolation)

Toa <- max(s0 * RO.div.REA2 * c0s.z, 0) # zero if sun is below horizon!
B insolationfiat, month, day, press) &
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35
56 # Attenuation of solar radiation by the atmosphere

57 air.mass <- 1/cos.z * press/slp # Bonan eq 4.7

58 insol[LST+1] <- 1.1 * Toa * 0.7Aair.mass # insol eq 4.6 +10% diffuse

59

60 ¥

61

62 return(insol)

63 }

64

65 plot.insolation <- function(insol, lat=lat, month-month, day-day, press-press){
66

67  # make a plot of the diurnal cycle of incoming solar raditaion at the surface
68

69 # Convert month number to month name

70 month.name <- c('January’,February’, march’,’April”, may’, " June

7 *3uly’,"August”, 'September ', ‘october *, 'Novenber ", ‘December ')

72
73 # set plot margins
74 bottomargin <- 4
75 leftvargin < 5
76 topmargin <- 1
77 rightmargin <~ .5

78
79 # set up plot margins

8  orig.par <- par(no.readonly=TRUE) # Remember changable parameters to reset later
81 par(mar=c(bottomargin,leftvargin, topuargin,rightvargin, oma-c(0,2.,1.,0))

82

8 # plot the diurnal cycle of radiation

84 plor(0:23, insol, typ="1", col='purple’, Twd=5, xaxt="no’,

85 main = paste(Latitude =',lat, o’ ,month. name[month] ,day),

86 xlab = “Local standard Time', ylab = expression(watts—m/{-21),

87 cex.main-1.4, cex.lab-1.3, cex.axis-1.2)

8  axis(1, at-seq(0,24,1), cex.axis=1.2)

89

90  # Add text for pressure and maximum insolation value

91  text(3, 0.8'max(insol), paste('pressure =',press,'mb’))

92 text(3, 0.7*max(insol), paste('max insolation =',format(max(insol), digits=4)))
93

94 # Restore original plot parameters

95 par(orig.par)
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Error in xy.coords(x, y, xlabel, ylabel, log)

X' and 'y’ lengths differ
> for (Lin2:5) {

+ _ Tlines(lunar.date, 50117[L,], col=colors[L],Twd=1)
4+ 3
Error in xy.coords(x, y) : 'x* and 'y' lengths differ

> plot.min <= min(s0i1T)
plot.max <- max(s0117)

v

plot(lunar. date, 50i17[1,1, typ="1", col="red", Twd=1, ylim=c(plot.min, plot.max),

>
>
+ main="Temperatures’, ylab='Kelvin', xlab='Lunar Month
4
E

cex.main=1.3, cex.lab=1.3, cex.axis=1.3)
rror in xy.coords(x, y, xlabel, ylabel, log)

X' and 'y’ lengths differ
> for (Lin2:5) {

+ _ Tlines(lunar.date, 50117[L,1, col=colors[L],Twd=1)
» ¥
Error in xy.coords(x, y) : 'x* and 'y" Tlengths differ

>
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# Set plot margins
bottomvargin <- 4
Teftvargin < 5
topMargin < 1
rightvargin < 5

orig.par_<- par(no.readonly=TRUE) # Remember changable parameters to reset Jater
par (mfcol=c(3,1), mar=c(bottomargin, leftvargin, topuargin,rightvargin),ona=c(0,2.,1.,05)

attach(output)

#

# Top panel shows radiation components
plot.min<- min(c(sW.down-Sw.up, Lw.down-Lw.up, R.net))
plot.max <- max(c(SW.down-Sw.up, LW.down-Lw.up, R.net))

plot(lunar. date, sw.down-Sw.up, typ="1", col='yellow’, Twd=2, ylim=c(plot.min, plot.max),
main="Radiation’, ylab-expression(Ww — mi-2), xlab="",
cex.main-1.3, cex.lab-1.3, cex.axis-1.3)

Tines(lunar. date, Lw.down-LW.up, col='red’,Twd=2)

Tines(lunar. date, R.net, col-'black’,lwd=2)

Tegend("topright”, c("sw’,’Lw’, Net')
col=c("darkgoldenrod2", ‘red’, "black"), Twd-c(2,2,2))

#

# widdle panel shows Fluxes
plot.min< min(Flux)
plot.max <- max(Flux)

colors <~ c('darkred","darkorange2’,darkgoldenrod2”, "green", "blue’)

plot(lunar. date, flux[1,], typ="1", col='red’, Twd=2, yli
main="reat Fluxes', ylab-expression(w — mr-2), xlal
cex.main-1.3, cex.lab-1.3, cex.axis-1.3)
for (L in 2:5) {
Tines (lunar. date, flux[L,], col-colors[L],lud=1)

€(-100,100),

#

# Bottom pane] shows temperatures
plot.min <~ min(s011T)
plot.max <- max(s0117)

plot(lunar. date, 50i17[1,], typ="1", col="red’, Twd=1, ylim=c(plot.min, plot.max),
main="Temperatures’, ylab='Kelvin®, xlab='Lunar Month',
cex.main-1.3, cex.lab-1.3, cex.axis-1.3)
for (L in 2:5) {
Tines (lunar. date, s0i1T[L,], col-colors[L],lud=1)
e R Script
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for (i in 1:(n.steps-1)) {

# calculate date and time (lunar solar time = LsT)
elapsed < elapsed + time.step

hours <- elapsed / 16200.

Tunar. date[1] <~ hours/hours. per. Tunar. day

day <~ Floor (lunar.date[i1)

LST <~ hours - (hours. per. lunar.day * day)

# Calculate position of sun in Lunar sky
hour.angle <~ -pi + (LST / hours.per.Tunar.day) * 2 * pi
0s.2 <- max(cos(hour.angle), 0.)

# calculate sw gain using Bonan (Chapter 4)
sw.down[1] <- solar.constant * Cos.z
SW.up[i] <~ sW.down[i] * albedo

# calculate Lw using sky temp = 5 Kelvin
Lw.down[i] <= sigma * 5i4

# Upward Tongwave from surface assumes blackbody (emissivity = 1)
Lw.up[i] < signa * soi1T[1,1] A 4

# Net radiation
R.net[i] <- sw.down[i] - SW.up[i] + LW.down[i] - LW.up[i]

# soi1 temperature

# Compute upward flux at top of each layer L
flux[1,1] < -R.net[i] # top flux boundary condition
for (L in 2:n.layers){

Flux[L,1] < -thermal.conductivity * (soilT[L-1,1] - s0i1T[L,11) / ((dz[L-1]+dz[L])/2)
3
flux[n.Tayers+1,1] <- 0. # bottom flux boundary condition

# Compute new temperatures for each layer
for (L in 1:n.layers) {
S011T[L,i+1] < s0i1T[L,1] - (Flux[L,i] - Flux[L+1,i]) * Time.step

(heat. capacity * dz[L])

4

return (115t (Sw. down=sw. down, Sw.up=Sw.up, Lw.down-Lw. down, LW.up-LW.up, R.net-R.net,
Flux=Flux, 5011T=50117[,1:(n.steps-1)], lunar.date=lunar. date,
depth-depth))

103 - plot.moon <~ function(output){

104
105
106

16511

# ladder plot of radiation, turbulent fluxes, and temperatures

# Format is a "grid” of three timeseries panels stacked vertically on one page

(Top Level) * R Script
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moon <- function(time.step-16200, albedo=0.08){

# Calculate temperatures in lunar 501l ("regolith™) for 10 Tunar days
# resulting from diurnal cycles of solar heating and longwave cooling
# Assume no tilt of lunar axis, ignore seasonal changes in Moon-sun distance

# A Tunar day (or month!) is 29 earth days plus 12.75 hours
hours. per. Tunar.day <- 24 * 29 + 12.75

# simulate 10 Tunar days
n.Tunar. days <- 10

# Figure out how many time steps to take to do n lunar days
n.steps < n.lunar.days * hours.per.lunar.day * 16200 / time.step

# Parameters
heat. capacity <- 4.4e6 # (3/m3 per Kelvin, from Colozza 1991, pages 2-3)
thermal. conductivity <- 0.025  # (W/m per kelvin, also from Colozza 1991)
sigma <- 5.67e-8 # (w/m2/Kd, stefan-Boltzmann coefficient)

Solar.constant <- 1367. # watts/m2

# set depths and thicknesses of each soil Tayer
n.layers < 15
dz <- rep(NA, n.layers) # layer thickness (meters)
depth < dz
dz[1] <- 0.02 # Top layer is thinnest (2 cm)
depth[1] <- dz[1] / 2
layer.mult <- 1.5
for (L in 2:n.layers) {

dz[L] <~ dz[L-1] * layer.mult

depthlL] <- sum(dz[1:(L-1)]) + dz[L] / 2

# set up arrays for later plotting
empty <~ rep(Na, n.steps-1)

R.net <- empty

Sw.down <- empty

SW.up <~ empty

Lwi.down <- empty

Lu.up <- empty

Tunar. date <~ empty

# Initial soil temperature
5011T <- matrix(NA, nrow=n.layers, ncol-n.steps) # array to hold soil temps (Kelvin)
5011T[ , 1] <- 273.  # Initial s0il temps = 298 K = 25 C

# Array to hold heat fluxes
flux <~ matrix(NA, nrow=n.layers+l, ncol-n.steps-1) # array to hold heat fluxes (w/m2)
flux[ ,1] <- NA  # upward Flux at top of layer L

# set elapsed time to zero at beginning of simulation
elapsed < 0.

# Time step the model
(Top Level) =

R Script
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159 1

160
161 detach(output)

162

163 par(orig.par)

164 }

165

166

167 - plot.s0i1T. image <~ function(output){

168

169  # make a color-filled contour plot of lunar soil temperature by depth and Time
170

171 Tibrary(fields) # Need this to make the image.plot

172

173 # praw an image using colors to represent the insolation

174 image.plot(outputslunar. date,100*outputSdepth,t(outputssoilt), ylim=c(50,0),
175 xlab="Lunar Days’, ylab='Depth (cm)’

176 main="Lunar soil Temperature (Kelvin)',

177 cex.main-1.5, cex.axis-1.2, cex.lab-1.3)

178 1

179

165:1 | (Top Level) * R Script
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# Attenuation of solar radiation by the atmosphere
air.mass <- 1/cos.z * press/slp # Bonan eq 4.7
insol[LST+1] <- 1.1 * Toa * 0.7Aair.mass # insol eq 4.6 +10% diffuse
}
return(insol)
}
- plot.insolation <~ function(insol, Tat=lat, month-month, day-day, press=press){
# make a plot of the diurnal cycle of incoming solar raditaion at the surface
# Convert month number to month name

month. name <~ c(’January’,’February’,‘March’, April’, ‘May’, June’,
*3uly’,"August ", "september ', ‘october *, 'Novenber ", ‘December ')

# set plot margins
bottomMargin <- 4
Teftvargin < 5
topMargin < 1
rightvargin < .5

# set up plot margins
orig.par <- par(no.readonly=TRUE) # Remember changable parameters To reset later
par (marc (bottomvargin, leftvargin, topMargin, rightvargin), oma-c(0,2.,1.,0))

# Plot the diurnal cycle of radiation
plot(0:23, insol, typ='1", col='orange’, Twd=5, xaxt="no’,
main'= paste('Latitude =',lat, on’,month. name[month] ,day),
xlab = “Local standard Time', ylab = expression(watts—m/{-21),
cex.main-1.4, cex.lab-1.3, cex.axis-1.2)
axis(1, at-seq(0,24,1), cex.axis=1.2)

# Add text for pressure and maximum insolation value
Text(3, 0.8*max(insol), paste(’pressure =',press,'mb’))
text(3, 0.7¢max(insol), paste(’'max insolation =',format(max(insol), digits=4)))

# Restore original plot parameters
par (orig. par)

(Top Level] *
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# Given a location and date, give diurnal cycle ofincoming solar radiation
# at surface for each hour of the day. Return an array of 24 hourly values

# For details and a derivation see Bonan chapter 4
# Also some good info at http://en.wikipedia.org/wiki/Insolation
e

# model parameters
50-1367

*

solar constant (watts/m2)

ecc-0.0167 # Eccentricity of Eart's orbit

eps=0.4091 # obliquity (ti1t) of Eart's axis (radians)
perih-1.7963  # Angle between march equinox & perihelion (radians)
equinox <- 8L # Day of the year when March equinox occurs

slp <- 1013.25 # sea-level pressure (mb)

# Find the day of the year

# nbays is the number of days in each month

npays <- c(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
daynum <- 0 # count days starting with zero

for (i in 1:(month-1)) daynum <- daynum + nbays[i]

daynum <~ daynum + day

# Theta is the position angle of the Earth in its orbit,

# counted in radians starting at the vernal Equinox (arch 22)

#  theta=0 is the March Equinox, theta=90 is Jjune Solstice

#  thera=180 is september Equinox, thera=270 is December Solstice)
theta <- 2 * pi * (daynum - equinox) / 365

# Convert Tatitude from degrees to radians
lat <~ lat * pi / 180.

# Declination for this time of year (theta)
# declination is the latitude where the sun is directly overhead @ noon
dec < eps * sin(theta)

# earth-sun distance (ratio of mean to actual)
RO.div.RE <~ (1 - ecc’2) / (1 + ecc * cos(theta - perih))

# Create output array for hourly insolation values
insol < rep(Na,24)

# Loop through the hours of the day
for (LST in 0:23) {

# calculate insolation at surface
h< pi+2pi*LST/24 # Hour angle in radians of sun past noon
cos.z < sin(lat)*sin(dec) + cos(1at)*cos(dec)*cos(h) # Bonan eq 4.1

# Top of atmosphere insolation: Bonan eq 4.4

# (also see http://en.wikipedia. org/wiki/Insolation)

toa <- max(s0 * RO.div.REA2 * €0s.z, 0) # zero if sun is below horizon!
W oL isoklionlsot B wonth, g piess) s
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