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APPENDIX G

CALCULATION OF THE INNER PRODUCT TERMS
FOR THE BIAS AND ATTENUATION
Abstract. In this section of the appendices the inner product terms from Chapter 2 are

derived.

1. The Inner Products

We have the following inner product terms to calculate from the following two equations.

o' =a"{ (t")(SPSR) — (SPTt)(SR™)} /y

V=B + o (SPTSP)(SR™) — (SPTt)(SP'SR)} /7,
where y = (t't)(SP'SP) — (SP™t)°. Let
SP = sin(wt + ), SR = sin(wt + ¢).

The summation may be approximated as an integration. Therefore, the inner products
(t't), (SPSP) and (SP't) may be approximated with integrals. That is Y/{xi)?4¢ = [f{x)?dt,
or YA(xi)? = [f(x)°dt/4t. So, for example, t't = = 1/3t,>. Let s1 = sin wt, c1 = cOS
wt , s2 = sin 2wt , ¢2 = cos 2wt. The vector t, SP, and SR are mean centered so the

average must be subtracted and we will need
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The inner product terms are evaluated below.

(SP'SP) = Y'SP;SP; = ~

(SPTSP) = { to — 5,c08(20)/2m — 25,5in%0/tw? } / At.

(t") = Yt =
(t"t) = 2t,3/(3-44).

(SR™t) = Y( sin(wti + @) — St =

(SR™) = {2-cos(p){ s1 — wteCi} | w?}At.
(SP™t) = Y(sin(wt + 6) — Sy)t; =
(SP™t) = (2-cos(0){ s1 — wieCi} / w?)/At.

(SP'SR) =
Y(sin(wti + 6) — Sy) (sin(wt; + ¢)-S,) =

(SPTSR) = ( tocos(p — ) — 55c08(¢p + 0)/2ew — 251%sin(p)sin(6)/tew? ) /At.
The expected values of the coefficients o' are 3;'

E(A") = a" { [2t*/3][ tocos(p — 0) — 5:c08(p + 0)/2w — 25:%sin(p)sin(O)/tow?] —

[2-cos(6)( S1 — wieCy) / w?][ 2-cos(p)( S1 — wieCs) / w?]} /7.

E(A) = B1" + a'{ [to — 52€05(20)/ 2w — 25,%sin*0/t?][ 2-c05(p)( 51 — wieCs) / w°] —

[2-cos(8)( 51 — wioCy) /][ tecos(p — B) — $:c05(p + B)/2w — 25:%sin(p)sin(O)/tow?] } /7,
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where y = (t"t)(SP'SP) — (SP™t)? = (2t°/3)( to — 5,€05(26)/2w — 25,%sin*0/te?) —

(2-cos(O){ 51 — wieCr} / ®°)°.

2. Special Cases

If the solar phase angle is € = 0, then

B =p"

a' = a"cos(p) { 213t5° (to— S2/2w) — 4(51 — wteCr)? /* ) } /7.

If the solar phase angle is 6 = m/2, then

B'=B"+ 2a"cos(p) { (to+ S2/2w — 25:*Itow?)(S1 — wioCy) }/ yo?

a' = 1.5a"sin(p)t(to + s2/20 — 25:°Mtew?) / y.
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APPENDIX H

INFLATION OF STANDARD ERRORS

1. Inflation of Variance
Autocorrelation inflates the variance of a time series of data. Shown in this appendix is a
derivation of how this occurs.

A first order autocorrelation process may be written as
_ 2 3 n-1 n
Nk =exktpe1 o et @ kst .. T ekn1t @ &kn, (H1)

where ¢ is the autocorrelation coefficient and ¢ is random noise and K is the time index.

Taking the variance of Ny yields
VAR(Ny) = VAR(ex + ¢ &1 + goz & T gog k3t ...+ gon'l ekt + 0" k). (H2)

Because the ¢s are independent and identically distributed, and because ¢ is constant, this
becomes.

VAR(N)) = VAR(&) + 0?VAR(g1) + 0*VAR(e2) + 0° VAR (3) + ...

+ g " VAR(sn) + 0"VAR(a).  (HI)

Because all the ¢s have the same variance, the variance of the s can be factored out. We

then get

Applying a geometric series to the ¢s we get
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o’n=c/(1 — ¢°). (H5)

The standard deviation of the Ns is increased by the factor (1 + (pz)‘l.
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APPENDIX |

COMPTUER CODE

HARBHHHRRRRHHARRBRHHHHRBRHHAHRRRHHARRBRHH AR HH AR BB H A AR R B H TR R RS RH
######### THIS CODE GENERATES FIGURE 5 FROM CHAPTER 2 ##########
HEBBHHHHRBRHRHRRBRHHHRB BB B HR BB H R R BB R HRR BB R AR BB H R R R R R R RS

m(list=1s(al1=TRUE))
source("dir.txt")
Tibrary(sfsmisc)

source("dir.txt")
ppppp <- "C:\\Documents and Settings\\Troy Wynn\\My
Documents\\dissertation\\Data\\fit solar\\F1l07_A.txt"

<- matrix(NA, 380, 2)

,] <= c¢( 1968.95094,206.18091)
,] <= c¢( 1969,217.96483)

»] <= c¢( 1969.04906,214.97487)
,] <= ¢( 1969.09811,199.84924)
,] <= ¢( 1969.14717,238.36684)
y] <= ¢( 1969.14717,226.23116)
y] <= «c( 1969.24529,234.84924)
y] <= ¢( 1969.24529,223.59297)
[9,] <- «c( 1969.29434,234.14572)
[10,] <- c( 1969.3434,222.71356)
[11,] <- c( 1969.39246,210.92964)
[12,] <- c( 1969.44151,214.27136)
[13,] <- c( 1969.49056,224.82413)
[14,] <- c( 1969.58868,225.87939)
[15,] <- c( 1969.58868,214.09547)
[16,] <- c( 1969.68679,232.56282)
[17,] <- c¢( 1969.73585,223.94472)
[18,] <- c¢( 1969.73585,223.94472)
[19,] <- c( 1969.73585,221.13065)
[20,] <- c( 1969.7849,227.63818)
[21,] <- c( 1969.7849,235.72864)
[22,] <- c( 1969.88302,225)

[23,] <- c( 1969.88302,215.85428)
[24,] <- c¢( 1969.98113,233.09045)
[25,] <- c( 1969.98113,238.01508)
[26,] <- «¢( 1970.03019,219.19598)
[27,] <- «¢( 1970.07925,228.34171)
[28,] <- «¢( 1970.07925,242.58794)
[29,] <- «¢( 1970.17736,233.96985)
[30,] <- «¢( 1970.17736,222.88945)
[31,] <- «c( 1970.27547,251.03015)
[32,] <- «¢( 1970.27547,260.70352)
[33,] <- «¢( 1970.32453,218.49246)
[34,] <- «<c( 1970.32453,207.58794)
[35,] <- «¢( 1970.47169,226.58292)
[36,] <- «¢( 1970.52075,214.62312)
[37,] <- «<c( 1970.61887,222.88945)
[38,] <- «¢( 1970.61887,211.45729)
[39,] <- c¢( 1970.66792,235.02513)
[40,] <- «c( 1970.71698,223.59297)
[41,] <- c( 1970.76604,249.62312)
[42,] <- c¢( 1970.76604,238.7186)

4444444444444 4444444444444 44444444444 44444 -
N
'_l
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[43,] <- «¢( 1970.91321,241.18091)
[44,] <- «¢( 1970.91321,232.91457)
[45,] <- «¢( 1970.91321,215.50252)
[46,] <- c¢( 1970.96227,254.37186)
[47,] <- «¢( 1970.96227,243.64322)
[48,] <- «¢( 1971.01132,237.48744)
[49,] <- «¢( 1971.01132,232.91457)
[50,] <- «¢( 1971.06038,220.60301)
[51,] <- «¢( 1971.15849,213.39195)
[52,] <- «¢( 1971.15849,211.98492)
[53,] <- «¢( 1971.20755,227.98994)
[54,] <- «¢( 1971.20755,208.64322)
[55,] <- «¢( 1971.20755,218.49246)
[56,] <- c¢( 1971.30566,207.58794)
[57,] <- «¢( 1971.40377,205.65326)
[58,] <- «¢( 1971.40377,216.38191)
[59,] <- «¢( 1971.45283,207.9397)
[60,] <- c¢( 1971.50188,211.98492)
[61,] <- c( 1971.50188,219.0201)
[62,] <- c¢( 1971.6,222.88945)
[63,] <- c¢( 1971.64906,221.65829)
[64,] <- «c( 1971.64906,232.73869)
[65,] <- «¢( 1971.74717,230.9799)
[66,] <- c¢( 1971.79623,219.0201)
[67,] <- «c( 1971.84528,217.96483)
[68,] <- «¢( 1971.84528,230.10051)
[69,] <- c¢( 1971.9434,237.13568)
[70,] <- «c( 1971.9434,225.70352)
[71,] <- «¢( 1971.99245,215.67839)
[72,] <- «¢( 1971.99245,227.46231)
[73,] <- «¢( 1972.09057,218.1407)
[74,] <- «¢( 1972.09057,229.39699)
[75,] <- «¢( 1972.13963,228.16583)
[76,] <- «¢( 1972.23774,217.43718)
[77,] <- «¢( 1972.23774,215.15076)
[78,] <- «¢( 1972.23774,225.17587)
[79,] <- «¢( 1972.33585,231.68341)
[80,] <- «¢( 1972.33585,220.07538)
[81,] <- «¢( 1972.43396,224.12061)
[82,] <- «¢( 1972.43396,221.30653)
[83,] <- «¢( 1972.48302,212.1608)
[84,] <- «¢( 1972.58113,232.56282)
[85,] <- «¢( 1972.58113,220.7789)
[86,] <- «¢( 1972.67924,226.58292)
[87,] <- «¢( 1972.7283,214.799)
[88,] <- «( 1972.77736,210.5779)
[89,] <- «¢( 1972.77736,222.01006)
[90,] <- c( 1972.82642,223.41708)
[91,] <- «¢( 1972.97359,210.75377)
[92,] <- «¢( 1972.97359,223.94472)
[93,] <- «¢( 1973.02264,211.80905)
[94,] <- «( 1973.0717,223.06532)
[95,] <- «¢( 1973.0717,213.9196)
[96,] <- c( 1973.21886,225)
[97,] <- «¢( 1973.26792,215.15076)
[98,] <- «¢( 1973.31698,217.43718)
[99,] <- «¢( 1973.31698,207.23618)

] <- <c( 1973.36604,204.24623)
[ ] <- «<( 1973.46415,204.77386)
;102,% <- ¢( 1973.51321,206.70854)

]

]

<- «¢( 1973.51321,219.0201)
<- ¢( 1973.56226,215.85428)
<- ¢( 1973.61132,224.64824)
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[106, ]
[107, ]
[108, ]
[109, ]
[110, ]
[111, ]
[112, ]
[113, ]
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[115, ]
[116, ]
[117, ]
[118, ]
[119, ]
[120, ]
[121, ]
[122, ]
[123, ]
[124, ]
[125, ]
[126, ]
[127, ]
[128, ]
[129, ]
[130, ]
[131, ]
[132, ]
[133, ]
[134, ]
[135, ]
[136, ]
[137, ]
[138, ]
[139, ]
[140, ]
[141, ]
[142, ]
[143, ]
[144, ]
[145, ]
[146, ]
[147, ]
[148, ]
[149, ]
[150, ]
[151, ]
[152, ]
[153, ]
[154, ]
[155, ]
[156, ]
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c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
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c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(

1973.
1973.
1973.
1973.
1973.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
1974.
.03397,212.51256)
.08302,225.52763)
1975.
1975.
1975.
1975.
1975.
.42641,211.10553)
1975.
1975.
1975.
1975.
1975.
1975.
.81887,213.74371)
.81887,228.69347)
.86793,235.55276)
1975.

1975
1975

1975

1975
1975
1975

1975

1976

66038,212.51256)
75849,235.72864)
90566,211.98492)
95472,209.87437)
95472,223.41708)
00378,222.01006)
15094,216.55779)
15094,227.46231)
24905,212.1608)

29811,210.40201)
29811,221.65829)
44528,226.75879)
49434,223.06532)
59245,214.97487)
64151,226.75879)
69057,206.70854)
69057,218.66833)
73962,206.00502)
78868,229.2211)

83774,217.43718)
93585,204.4221)

93585,216.55779)

13207,228.16583)
18113,210.40201)
18113,220.7789)
3283,206.00502)
37736,222.36182)

47547,217.08543)
52453,230.45226)
57359,218.66833)
57359,228.34171)
72076,204.24623)
72076,216.73367)

91698,223.06532)
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.94717,214.27136)
1976.
1976.

06415,218.31659)
06415,230.27638)
16226,212.86432)
16226,235.02513)
21132,220.7789)
26038,207.9397)
26038,224.12061)
40755,219.19598)
4566,208.81909)
50566,205.30151)
50566,225.52763)
60378,213.39195)
65283,216.03015)
65283,229.04523)
70189,218.31659)
8,206.18091)
8,223.59297)
84906,210.40201)
84906,226.58292)

99622,217.43718)
99622,228.51759)
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[169, ]
[170, ]
[171, ]
[172, ]
[173, ]
[174, ]
[175, ]
[176, ]
(177, ]
[178, ]
[179, ]
[180, ]
[181, ]
[182, ]
[183, ]
[184, ]
[185, ]
[186, ]
[187, ]
[188, ]
[189, ]
[190, ]
[191, ]
[192, ]
[193, ]
[194, ]
[195, ]
[196, ]
[197, ]
[198, ]
[199, ]
[200, ]
[201, ]
[202, ]
[203, ]
[204, ]
[205, ]
[206, ]
[207, ]
[208, ]
[209, ]
[210, ]
[211, ]
[212, ]
[213, ]
[214, ]
[215, ]
[216, ]
[217, ]
[218, ]
[219, ]
[220, ]
[221, ]
[222, ]
[223, ]
[224, ]
[225, ]
[226, ]
[227, ]
[228, ]
[229, ]
[230, ]

[231, ]

<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-

c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(

1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1977.
1978.
1978.
1978.
1978.
1978.
1978.
1978.
1978.
1978.
1978.
1978.
1979.
1979.
1979.
1979.
1979.
.44906,232.21106)
1979.
1979.
1979.
1979.
1979.
1979.
1979.
1980.
1980.
1980.
1980.
1980.
1980.
1980.
1980.
1980.
1981.
1981.
1981.
1981.
1981.
1981.
1981.
1981.
1981.
1981.

1979

04528,222.36182)
09434,211.45729)
14339,223.59297)
14339,227.63818)
19245,213.39195)
19245,216.73367)
38868,213.74371)
38868,226.58292)
43774,215.15076)
43774,228.34171)
53585,221.30653)
53585,233.09045)
63396,212.51256)
63396,224.29648)
73208,216.90955)
73208,228.16583)
83018,211.2814)
83018,223.06532)
83018,235.201)
9283,225.35176)
07547,224.64824)
07547,231.50754)
22264,218.49246)
32076,222.88945)
32076,230.45226)
41887,238.19095)
56604,234.67337)
66415,219.37186)
71321,221.30653)
76226,230.10051)
86037,231.33167)
00755,225.35176)
15472,223.24121)
20377,219.54774)
4,225.35176)
44906,232.21106)

54717,244.34674)
64529,241.35678)
69434,224.64824)
74339,221.83417)
84151,228.86935)
93962,230.80402)
98868,227.46231)
13585,226.58292)
23396,221.65829)
38113,216.90955)
47925,229.39699)
47925,224.82413)
62641,223.41708)
72453,212.1608)

77358,226.40703)
96981,227.81407)
11698,224.82413)
26415,228.69347)
31321,217.78894)
41132,221.83417)
50944,228.86935)
55849,233.44221)
6566,239.24623)

70566,215.32663)
80377,229.2211)

85283,215.85428)
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[232, ]
[233, ]
[234, ]
[235, ]
[236, ]
[237, ]
[238, ]
[239, ]
[240, ]
[241, ]
[242, ]
[243, ]
[244, ]
[245, ]
[246, ]
[247, ]
[248, ]
[249, ]
[250, ]
[251, ]
[252, ]
[253, ]
[254, ]
[255, ]
[256, ]
[257, ]
[258, ]
[259, ]
[260, ]
[261, ]
[262, ]
[263, ]
[264, ]
[265, ]
[266, ]
[267, ]
[268, ]
[269, ]
[270, ]
[271, ]
[272, ]
[273, ]
[274, ]
[275, ]
[276, ]
(277, ]
[278, ]
[279, ]
[280, ]
[281, ]
[282, ]
[283, ]
[284, ]
[285, ]
[286, ]
[287, ]
[288, ]
[289, ]
[290, ]
[291, ]
[292, ]
[293, ]

[294, ]

<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-

c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(

1982,
.04906,223.59297)
1982.

1982
1982
1982
1982
1982

1982
1982

1985

1985

1985.
1985.
1985.
1985.

1985
1985

1985

1987

226.75879)
14717,228.34171)

.24529,218.66833)
1982.
1982.

39246,220.07538)
39246,221.13065)

.49056,223.41708)
.63773,234.49748)
.68679,225.17587)
1982.
.83396,217.61307)
.93208,216.20602)
1983.
1983.
1983.
1983.
1983.
1983.
1983.
1983.
1983.
1983.
1984.
1984.
1984.
1984.
1984.
1984.
1984.
1984.
1984.
1984.
.04151,219.19598)
1985.
1985.
.28679,211.63316)

7849,207.58794)

03019,223.94472)
1283,220.42714)
17736,219.0201)
22642,217.43718)
37359,216.55779)
47169,207.9397)
61887,217.08543)
71698,221.83417)
86415,220.7789)
96227,227.98994)
06038,224.64824)
15849,220.95477)
30566,221.48241)
35471,217.08543)
35471,213.04021)
6,223.94472)
6,216.73367)
79623,208.99498)
84528,210.22614)
89434,214.799)

13963,224.47237)
18868,216.03015)

33585,215.15076)
33585,209.87437)
53207,210.92964)
67924,222.53769)

.67924,221.13065)
.82642,212.51256)
1985.
.97359,218.66833)
1986.
1986.
1986.
1986.
1986.
1986.
1986.
1986.
1986.
1986.
1986.
1987.
1987.
1987.
1987.
1987.
.44528,206.88441)
1987.
1987.

87547,210.22614)

02264,220.07538)
16982,221.48241)
21886,219.54774)
31698,214.62312)
46415,213.39195)
51321,209.52261)
56226,215.50252)
75849,212.86432)
75849,206.88441)
85661,207.58794)
85661,219.0201)

00378,212.1608)

10189,215.85428)
15094,219.54774)
29811,216.20602)
34717,212.1608)

49434,209.87437)
59245,217.08543)
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[295, ]
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[298, ]
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[302, ]
[303, ]
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[305, ]
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[307, ]
[308, ]
[309, ]
[310, ]
[311, ]
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[313, ]
[314, ]
[315, ]
[316, ]
[317, ]
[318, ]
[319, ]
[320, ]
[321, ]
[322, ]
[323, ]
[324, ]
[325, ]
[326, ]
[327, ]
[328, ]
[329, ]
[330, ]
[331, ]
[332, ]
[333, ]
[334, ]
[335, ]
[336, ]
[337, ]
[338, ]
[339, ]
[340, ]
[341, ]
[342, ]
[343, ]
[344, ]
[345, ]
[346, ]
[347, ]
[348, ]
[349, ]
[350, ]
[351, ]
[352, ]
[353, ]
[354, ]
[355, ]
[356, ]

[357, ]

<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-
<-

c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
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c(
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c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(

1987.
1987.
1987.
1987.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1988.
1989.
1989.
1989.
1989.
1989.
1989.
1989.
1989.
1989.
1990.
1990.
1990.
1990.
1990.
1990.
1990.
1990.
1990.
1990.
1991.
.07547,205.30151)
1991.
1991.
1991.
1991.
1991.
1991.
1991.
1991.
1991.
1991.
.00755,204.07036)
1992.
1992.
1992.
1992.
.4,226.23116)
.44906,221.83417)
1992.
.64529,205.47739)
.69434,200.37688)
1992.
1992.
.98868,218.84422)
.98868,213.9196)
1993.
1993.

1991

1992

1992
1992

1992
1992

1992
1992

73962,219.0201)

78868,211.45729)
78868,218.1407)

93585,209.69849)
03397,218.1407)

23019,217.08543)
23019,215.50252)
27924,219.19598)
37736,213.21608)
47547,209.34674)
57359,208.46733)
62264,227.11055)
72076,225.87939)
81887,230.80402)
86793,222.71356)
96603,214.27136)
06415,221.30653)
21132,220.42714)
30943,216.73367)
40755,219.0201)

50566,210.40201)
55472,212.33669)
75095,216.90955)
84906,213.21608)
94717,214.97487)
04528,222.18593)
09434,218.31659)
29057,219.72362)
29057,222.01006)
48679,214.44724)
48679,210.40201)
63396,213.74371)
73208,210.22614)
83018,218.84422)
87924,213.04021)
02641,210.22614)

12453,209.17085)
22264,216.03015)
2717,226.40703)
41887,215.50252)
41887,214.27136)
56604,211.2814)
6151,206.70854)
71321,207.23618)
81132,214.799)
90943,197.21106)

10566,218.66833)
15472,214.799)

15472,225.87939)
30189,221.48241)

54717,212.86432)

79245,211.98492)
79245,217.78894)

03773,209.34674)
18491,212.86432)
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T[358,] <-
T[359,] <-
T[360,] <-
T[361,] <-
T[362,] <-
T[363,] <-
T[364,] <-
T[365,] <-
T[366,] <-
T[367,] <-
T[368,] <-
T[369,] <-
T[370,] <-
T[371,] <-
T[372,] <-
T[373,] <-
T[374,] <-
T[375,] <-
T[376,] <-
T[377,] <-
T[378,] <-
T[379,] <-
T[380,] <-
t <- T[,1]
y <- T:,Z:I

c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(
c(

i.step <- 188
step <- matrix(0,Tength(t))
step[i.step:length(step)] <- 1
step <- step - mean(step)

sol <- solar.abs(t,
fit <- ImC y ~ t + sol + step)

r <- resid(fit)

sd.r <- sd(r)

1993.
1993.
1993.
1993.
1993.
1993.
1993.
1993.
1994.
1994,
1994,
1994.
1994,
1994,
1994.
1994,
1994,
1994.
1995.
.09811,213.39195)
1995.
1995.
1995.

1995

28302,224.64824)
38113,220.95477)
43019,211.63316)
52831,206.53267)
72453,212.51256)
82264,217.61307)
8717,210.40201)

92075,216.20602)
01887,204.59799)
11698,212.51256)
2151,220.42714)

31321,215.32663)
36227,213.39195)
50944,217.61307)
6566,211.45729)

6566,202.31155)

75471,217.26131)
85283,209.17085)
04906,199.49748)

19623,206.70854)
29434,208.64322)
39246,197.03517)

# 1977.9525

yy <- predict(fit)
get <- matrix(NA, 2000, 3)

for (i in 1:
noise <-
noise <-
y.new <-

fit <- ImC y.new ~ t + sol + step)

unit=TRUE)

nrow(get)) {

sample(r, Tlength(r),
rnorm(length(t),0, sd(r))

Yy + hoise

get[i,] <- coef(fit)[2:4]

}

op <- par(no.readonly = TRUE)

par(mfrow =
par(mar
par(mgp
par(oma

plot(t, y, pch=19, ylab="Average Temperature 55-75 km (K)",
xlab="Year")

c(2, 2))

c(2.5, 2.5, 1, 0.8))
c(1.5, 0.5, 0))
c(0.5, 0.5, 0.5, 0))
par(bg="white")

abline(v=1977.9525, lwd=2)

points(t, predict(fit), col="red", pch=19)

plot(get[,2], get[,1], pch=19, xlab="Solar coefficient (K/sfu)",

ylab="Time Coefficient (K/year)")

abTine(v=mean(get[,2]), h=mean(get[,1]), col="red")

replace=TRUE)
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plot(get[,2], %et[,B], pch=19, xlab="Solar Coefficient (K/sfu)",
ylab="step Coefficient (K)")
abTine(v=mean(get[,2]), h=mean(get[,3]), col="red")
plot(get[,3], get[,1], pch=19, xlab="Step Coefficient (K)", ylab="Time
Coefficient (K/year)"™)
m.step <- mean(get[,3]) ; m.time <- mean(get[,1])
abline(v=m.step, h=m.time, col="red")

HARBHHHRRRRHHARR R HHHRB R HHRRRHA AR B R HATRR R A H AR BB HH AR R HH AR AR R H AR
#

######### THIS CODE GENERATES FIGURE 6 FROM CHAPTER 2 ##########
HARBHHHRRRRHHARRRRHHHRB R A AR R R HAH AR HARR BB A AR RS HH AR BB A AR RS

## This will do a strait regression on the alo temperatures.
rm(1ist=1s(aT1=TRUE))

source("dir.txt")

Tibrary(sfsmisc)

Tibrary(simpleboot)

#alo <- alo.data # purify.alo() ## this will remove data points
Ereater than 3 standard deviation from the mean; up to and including 90
m

alo <- purify.alo(Q)

t <- alo$time ; t <- t - (max(t) - min(t))/2

w <- 0.5752152710 # T ~ 10.9 yrs

sl <- sin(w*t) ; s2 <- cos(w*t)

df <- data.frame(alo, s1, s2, y=s2*0)

Tm.mg <- Im(MgII ~ sl + s2, data=df) ; mc <- coef(Ilm.mg) ; A.mg <-
sqrt(mc[2]A2 + mc[3]A2)

df$MgII <- df$MgII/A.mg

alt <- seq(45, 90, by=1)

n <- length(alt)

df$time <- t - mean(t)

get.1tl <- matrix(NA, n, 3)

#H## 45 km

i<-1; # i <- length(alt)

h.col <- 26 + i

dff$y <- df[, h.col]

Tm45 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosd4pit + MgII +
sol.n, data=df) ; Tml <- 1m45

Tml.b <- Tm.boot(Iml, 2000, FALSE)

Tml.c <- samples(Iml.b, name="coef™)

par(mar=c(5,5,1,1))

plot(Ilml.c[7,], Tml.c[2,], type="p", pch=20, axes=FALSE, xTab=NA,
ylab=NA)

sr. <- quantile(lml.c[7,], probs=c(0.05, 0.5, 0.95))
Tt. <- quantile(Iml.c[2,], probs=c(0.05, 0.5, 0.95))
abline(v=sr.[2], h=1t.[2], col="gray")
abline(v=sr.[-2], h=1t.[-2], 1ty=2, col="gray")
points(Iml.c[7,], Tml.c[2,], pch=20)

axis(side=1, tick=TRUE)

axis(side=2)

mtext("MgII coefficient (K/solar cycle)", 1, Tine=2.5)
mtext("Linear trend (K/year)", 2, line=2.5)
text(0.39,0.7, "(b) 45 km")

box ()
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t <- Tml$model$time

m <- Tml$model$MgII

plot(t, m, axes=FALSE, xlab=NA, ylab=NA, type="n")
abline(v=0, h=0)

points(t, m, pch=20)

axis(side=1, tick=TRUE)

axis(side=2)

mtext("'Normalized MgII data", 2, line=2.5)
mtext("Time (years)", 1, line=2.5)
text(-4,1.3, "C(a)")

box ()

### 90 km

i <- Tength(alt)

h.col <- 26 + i

df$y <- df[, h.col]

Tm90 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosd4pit + MgII +
sol.n, data=df)

Tm90.b <- Tm.boot(1Tm90, 2000, FALSE)

Tm90.c <- samples(Im90.b, name="coef")

par(mar=c(5,5,1,1))

plot(1m90.c[7,], 1Tm90.c[2,], type="p", pch=20, axes=FALSE, xlab=NA,
ylab=NA)

sr. <- quantile(1lm90.c[7,], probs=c(0.05, 0.5, 0.95))
Tt. <- quantile(1m90.c[2,], probs=c(0.05, 0.5, 0.95))
abline(v=sr.[2], h=1t.[2], col="gray")
abTline(v=sr.[-2], h=Tt.[-2], 1ty=2, col="gray")
points(1m90.c[7,], 1m90.c[2,], pch=20)

axis(side=1l, tick=TRUE)

axis(side=2)

mtext("MgII coefficient (K/solar cycle)", 1, Tine=2.5)
mtext("Linear trend (K/year)", 2, line=2.5)
text(6,0.6, "(c) 90 km")

box()

HERBHHHRRRBHHARRR AR A HRB R HHR BB AR ARRB R AR RR B HHRR BB HH AR R H TR R H AR
######### THIS CODE GENERATES FIGURE 1 FROM CHAPTER 3 ##########
HERBHHHHRBRHHARRR R HHHRB R H A AR BB H AR AR HARR BB A AR AR H AR R A AR R R H A

source("dir.txt")

calc.solar.phase <- function(time, mg2) {

w <- 0.5752152710
t <- time - (max(time) + min(time))/2
sol.s <- sin(w*t)
sol.c <- cos(w*t)
df <- data.frame(sol.s, sol.c, mg2=mg2)
Tm.s <- Im( 'mg2 ~ sol.s + sol.c', df)
ph <- atan2(coef(Im.s)[3], coef(Im.s)[2]) ; names(ph) <- NULL
A <- sqgrt(coef(Im.s)[3]A2 + coef(Im.s)[2]A2)
I <- matrix(1l, length(t))
nl <- nls(mg2 ~ a*I + b*sin(ww*t + p), start=1list(a=0, b=A, p=ph,
ww=w))
#print(A)
#plot(t, mg2) ; points(t, A*solar2(ph, t, noise=FALSE, A = 1),
pch=19, col="red")
#points(t, predict(Im.s), col="blue")
cc <- coef(nl)
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w <- cc[4] ; names(w) <- NULL
ph <- cc[3] ; names(ph) <- NULL
int <- cc[1l] ; names(int) <- NULL
A <- cc[2] ; names(A) <- NULL

return(list(ph=ph, A=A, w=w, int=int, Tm=nl))

alo <- purify.alo2Q

dn <- alo$doy ; get <- (dn > 91) & (dn < 273)
alo.sum <- alo[get,] ; alo.wint <- alo[!get,]

alo <- alo

t <- alo$time ; t <- t - mean(t)

w <- 0.5752152710

MgII <- alo$MgII ; MgII <- MgII/sd(MgII) ; MgII <- MgII - mean(MgII)
sol.out <- calc.solar.phase(time=t, mg2=MgII) ; w <- sol.out$w

mg.a <- sol.out$A ; MgII <- MgII/mg.a ; MQII <- MgII - mean(MgII);
sol.out <- calc.solar.phase(time=t, mg2=MgII)

th <- sol.out$ph ; w <- sol.out$w ; alo$MgII <- MQgII

sol.sine <- sin(w*t + th) ; alo$sol.n <- resid(sol.out$1m) ;

alo$sol.n <- alo$sol.n/sd(alo$sol.n)

op <- par(no.readonly = TRUE)
par(mfrow = c(2, 1))

par(mar = c(2.5, 2.5, 1, 1))
par(mgp .
par(oma = c(0.5, 0.5
par(bg="white™)
par(cex.axis=1)

off <- 0.25

p1ot(a1§$time.y, MgII, type="p", pch=19, ylab="", xTab="Time (years)",
cex=0.8

mtext(text="Scaled Mg 11", side=2, line=1.6)

abline(h=0)

Tines(alo$time.y, sol.sine, Twd=2)

$r50g§(1996.3, O+off, 1997.9, -0.4, code=2, length=0.14, col="gray",
wdad=

text(1995.5, 0.25+off, "solar 1like" )

text(1995.5, O+off, expression("sin "*omega*"t"))

text (1994, 1, "(a)"™)

par(mar = c(2.5, 2.5, 0.8, 1))

plot(t, alo$sol.n, type="p", ylab="", xlab="", pch=19, cex=0.8)
mtext(text="Mean Centered Time (years)", side=1, at=0, line=1.5)
mtext(text="Solar-noise (sd=1)", side=2, at=1, line=1.6)
text(-4.65, 3.5, "(b)™)

abline(h=0)
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BHBHHRHBHHRHBHHRHBH B R R BB R R BB BB H B BB HBH BB H BB R H RSB R B R R R R R
######### THIS CODE GENERATES FIGURE 2 FROM CHAPTER 3 ##########
BHHRHRH BB HRHBHHRHBH BB HRH BB HRHRRHRH BB HRHBHBRHBR BB H R BB HBH B HRH R HRH BB H
rm(1list=1s(al1=TRUE))

getBA <- function(tO, ph, th, A=1) {
sl <- sin(w*t0) ; cl <- cos(w*t0)
s2 <- sin(2*w*t0) ; c2 <- cos(2*w*t0)

sisr <- tO0*cos(ph - th) - s2*cos(ph + th)/(2*w) -
2%sin(ph)*sin(th)*s1A2/(t0*w*w)

srti <- 2*cos(ph)/(wA2)*(s1l - w*t0*cl)

siti <- 2*cos(th)/(wA2)*(sl - w*t0*cl)

si2 <- t0 - s2*cos(2*th)/(2*w) - 2*s1A2*sin(th)A2/(t0*wA2)

ti2 <- 2/3*t0A3

gamma <- ti2*si2 - (siti)A2

Tt.b <- A/gamma*(si2*srti - siti*sisr)

A.b <- A/gamma*(ti2*sisr - siti*srti)
) return(list(b=1t.b, a=A.b))

t0. <- 20
t <- seq(l, t0., by=0.1)
w <- 0.57521
phs <- seq(0, 2*pi, by=0.01)
ths <- seq(0, 2*pi, by=0.01)
get.bias <- matrix(NA, length(t))
get.pg <- matrix(NA, length(t))
A <-
for (i in 1l:Tength(t)) {
get.Tt <- matrix(NA, length(phs), Tength(ths))

t0 <- t[i]
for (ii in 1l:1ength(phs)) {
ph <- phs[ii] ; th <- ths
BA <- getBA(tO, ph, th)
Tt.b <- BASb

A.b <- BASa
get.1t[,i1] <- 1t.b

print(round(i/length(t)*100,1))
get.bias[i] <- max(abs(get.1t))

op <- par(no.readonly = TRUE)

pqrﬁm§r =c(4, 4, 1, 1)) ## outside Margins (bottom, left, top,
right

par(mgp = c(0.5, 0, 0)) ## The margin line (in mex units) for the axis
title, axis labels and axis Tine. The default is c(3, 1, 0).
par(bg="white")

par(cex.axis=1)

opl <- par(Q)

plot(2*t, get.bias, pch=19, xT1im=c(0,30), axes=FALSE, ylim=c(0,2),
ylab="", xTab="", type="1", lwd=2)

mtext( "Length of Data Set (years)", side=1l, at=15, cex=1l, Tine=1.8)
Eteﬁg("Coo1ing Rate Bias (K/year)", side=2, at=0.9, cex=1, Tline=2)
ox

axis(side=1, at=(0:15)*2, Tabels=TRUE, cex=0.5, padj=0.8)
axis(side=2, at=(0:20)/10, padj=-1)

abTine(v=(0:15)*2, h=(0:20)/10, 1t=2, col="gray")
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Tines(2*t, get.bias, pch=19, Twd=2)

close.screen(al1=TRUE)

split.screen(c(2,2),erase=FALSE)

screen(2)

par(mar = c(2, 2, 2, 2), cex.axis=0.9) ## outside Margins (bottom,
left, top, right)

plot(2*t, get.bias, pch=19, ylim=c(0,0.07), xlim=c(15,30), axes=FALSE,
ylab="", xTab="", type="1", lwd=2)

box()

axis(side=2, at=(0:11)/100, Tabels=TRUE, padj=-1.2)

axis(side=1l, at=(0:15)*2, padj=0.9)

abline(v=(0:15)*2, h=(0:11)/100, T1t=2, col="gray")

Tines(2*t, get.bias, Twd=2)

close.screen(al1=TRUE)

op <- opl

box ()

text( -2.5, -0.13, "(a)"™)
text( 27, 1.63, "(b)™)

HEBBHHHRRBRHHH BB HHHRB R HHRRR AR ARR BB H AR A HRR BB HH AR R H R BB H RS
######### THIS CODE GENERATES FIGURE 3 FROM CHAPTER 3 ##########
HARBHHHARRRHHARRRRHHHRR R A AR AR HAHR BB H AR R R H AR RS AR BB AR RS

alt <-
c(45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,
68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90)
pr.mg2 <-
c(0.2458,0.4141,0.7233,0.8134,0.9244,0.9566,0.9522,0.9592,0.9611,0.8603
,0.8459,0.6774,0.4956,0.3902,0.1238,0.2261,0.6681,0.7375,0.6728,0.8084,
0.8906,0.9014,0.8278,0.865,0.9932,0.9914,0.9879,0.9595,0.9102,0.558,0.6
222,0.749,0.681,0.3252,0.3584,0.5389,0.1717,0.8338,0.684,0.5795,0.4591,
0.6169,0.8581,0.8147,0.0409,0.616)

pr.sin <-
c(0.9853,0.8481,0.4775,0.1632,0.2931,0.6238,0.7433,0.8365,0.8852,0.8116
,0.8941,0.7142,0.6137,0.6258,0.4623,0.0251,0.653,0.7508,0.7658,0.8286,0
.906,0.866,0.6421,0.6789,0.9714,0.978,0.982,0.9184,0.8545,0.3957,0.6674
,0.8218,0.8162,0.4118,0.2703,0.2711,0.1326,0.6225,0.6503,0.4688,0.4418,
0.389,0.8235,0.8347,0.245,0.4272)

pr.sin_p <-
c(0.9998,0.9996,0.9965,0.9904,0.9822,0.9415,0.8779,0.8915,0.9305,0.9032
,0.9157,0.7169,0.667,0.7806,0.5255,0.4461,0.665,0.7541,0.7725,0.8291,0.
9117,0.871,0.7603,0.9069,0.9972,0.9967,0.9979,0.9924,0.9896,0.9843,0.99
23,0.9992,0.999,0.9995,0.9996,0.9626,0.9546,0.8095,0.9796,0.9767,0.9949
,0.7909,0.93,0.8951,0.6545,0.6854)

pr.soln <-
c(1,0.9999,0.9996,0.9983,0.9975,0.9927,0.972,0.9304,0.8137,0.1988,0.378
3,0.0322,0.4501,0.8132,0.8304,0.7056,0.31,0.0799,0.34,0.0858,0.2546,0.4
897,0.7395,0.6814,0.6578,0.4117,3.38000000000001E-
02,0.2109,0.0252,0.2705,0.8072,0.9338,0.9728,0.9548,0.9799,0.9799,0.964
2,0.9692,0.8654,0.9354,0.8788,0.9013,0.7785,0.4565,0.411,0.5155)

par(mar = c(4, 4, 1, 1), mfrow=c(1,2))

plot(pr.mg2, alt, x1lim=c(0.85, 1), Tty=3, type="1", lwd=3,
ylim=c(46,89), ylab="", xlab="", axes=FALSE)

text(0.98, 88, "(a)")

Tines(pr.sin, alt, 1ty=2, Twd=3)

Tines(pr.sin_p, alt, Tty=1, Twd=3)

grid(col="dark gray")



226
mtext("Confidence Level of
solar-1like variations", side=1, cex=1l, 1line=2.6)
mtext("Altitude (km)", side=2, cex=1l, line=2)
box()
axis(side=2, at=seq(45, 90, by=5), Tabels=TRUE, cex=0.5, padj=0.5)
axis(side=1l, padj= -0.6)
Tegend(0.915, 64, c(expression(alphal[1l]*": Mg II'),
expression(alpha[2]*": sin "*omega * t), expression(alphal[3]*":
%13(;§omega*t*"+"*phi*") ")), 1ty = c(3,2,1), bg = 'white' , cex=.9,
wdad=

par(mar = c(4, 0, 1, 6))

plot(pr.soln, alt, x1lim=c(0.85, 1), type="1", lwd=3, ylim=c(46,89),
ylab="", xTab="", axes=FALSE)

text(0.98, 87, "(b)")

grid(col="dark gray")

mtext("Confidence Level of

solar-noise Term", side=1l, cex=1l, Tine=2.6)

box()

axis(side=1, padj= -0.6)

HARRHHHHRRRHH AR R HHHRB R H AR R H AR RS HH AR R A H AR BB H AR R R H TR AR SRR
######### THIS CODE GENERATES FIGURE 4 FROM CHAPTER 3 ##########
HERBHHHHRBRHHARRB R HRB B R AR BB AR AR BB HARR BB R AR R H AR R AR RS

rm(1list=1s(alT1=TRUE))
source("dir.txt")
Tibrary(sfsmisc)
Tibrary(simpleboot)

fix.phase.one <- function(phase, control=2) {
n <- length(phase)

for (i in 2:n) {
diff <- phase[i] - phase[i-1]
if (abs(diff)> control) {
if (sign(diff)>0) {
phase[i] <- phase[i] - 2%pi
i<-1-1
} else if (sign(diff)<0) {
phase[i] <- phase[i] + 2%pi
i<-1-1

}

diff <- phase[n] - phase[n-1]
if (abs(diff)> control) {
if (sign(diff)>0) {
phase[n] <- phase[n] - 2%pi
} else if (sign(diff)<0) {
phase[n] <- phase[n] + 2*pi

b

if (min(phase)<0 ) { phase <- phase + 2*pi }
if (max(phase)>2*pi) { phase <- phase - 2%pi }
return(phase)

}

calc.solar.phase <- function(time, mg2) {

w <- 0.5752152710
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t <- time - (max(time) + min(time))/2

sol.s <- sin(w*t)

sol.c <- cos(w*t)

df <- data.frame(sol.s, sol.c, mg2=mg2)

Tm.s <- Im(C 'mg2 ~ sol.s + sol.c', df)
ph <- atan2(coef(Im.s)[3], coef(Im.s)[2]) ; names(ph) <- NULL
A <- sqrt(coef(Im.s)[3]A2 + coef(Im.s)[2]A2)
I <- matrix(1l, length(t))

nl <- nls(mg2 ~ a*I + b*sin(ww*t + p), start=1list(a=0, b=A, p=ph,
ww=w) )

#print(A)

#plot(t, mg2) ; points(t, A*solar2(ph, t, noise=FALSE, A = 1),
pch=19, col="red")

#points(t, predict(Im.s), col="blue")

cc <- coef(nl)

w <- cc[4] ; names(w) <- NULL

ph <- cc[3] ; names(ph) <- NULL

int <- cc[1l] ; names(int) <- NULL

A <- cc[2] ; names(A) <- NULL
) return(list(ph=ph, A=A, w=w, int=int, Tm=nl))

SEs <- function(Im.object, ph, A, col.names= c("Int.", "LT", "A", "ph",
"sol.n") ) {
w <- 0.5752152710
sig <- resid(Im.object)
t <- Tm.object$model[,2]
m <- Im.object$model ; m[,1] <- 1 ; m[,3] <- sin(w*t + ph)
m[,4] <- A*cos(w*t + ph) ; m <- as.matrix(m)
AA <- t(m)%*%m
AA. <- solve(AA)*var(sig)
AA.d <- sqgrt(diag(AaA.))
names(AA.d) <- NULL
names(AA.d) <- col.names
) return(AA.d)

get.sol.max <- function(lm, tt) {
c <- coef(Im)
ang <- atan2(c[3],c[4])
if (ang<0) { ang <- ang + 2*pi}
w <- 0.5752152710
# print(ang/w)
t <- seq(min(tt), max(tt), by=0.025)
s2 <- c[3]*sin(w*t) ; c2 <- c[4]*cos(w*t)
# plot(t, s2 + c2) # ; points(tt, c[3]*sin(w*tt) + c[4]*cos(w*tt))
get <- max(s2 + c2)==(s2 + c2)
# print(get) ; print(sum(get))
s.max <- t[get]
if (s.max<0) { s.max <- s.max + 2*pi/w }
) return(s.max)
# get.sol.max(fit3, tt)

g
HARBHHHHRBRHHARRBRHH A AR BB R A AR AR R HH A

A. <- matrix(NA, 46, 3)
ph. <- matrix(NA, 46, 3)
mg. <- matrix(NA, 46, 3)
mga. <- matrix(NA, 46, 3)
soln. <- matrix(NA, 46)
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alo <- purify.alo2()

dn <- alo$doy ; get <- (dn > 91) & (dn < 273)

alo.sum <- alo[get,] ; alo.wint <- alo[!get,]

alo <- alo

t <- alo$time ; t <- t - mean(t)

w <- 0.5752152710

MgII <- alo$MgII ; MgII <- MgII/sd(MgII) ; MgII <- MgII - mean(MgII)
sol.out <- calc.solar.phase(time=t, mg2=MgII) ; w <- sol.out$w
mg.a <- sol.out$A ; MgII <- MgII/mg.a ; MQII <- MgII - mean(MgII)
th <- sol.out$ph ; w <- sol.out$w ; alo$MgII <- MQII

sol.sine <- sin(w*t + th) ; alo$sol.n <- resid(sol.out$Im) ;
alo$sol.n <- alo$sol.n/sd(alo$sol.n)

th <- 0

solar.max <- "2/12/2002" #"7/31/2001"

get.sm <- solar.max==alo$date

adj <- date.string(1,1,2002,2,12,2002)

time.offset <- -t[get.sm] + adj ; tt <- t + time.offset
sol.s <- sin(w*tt)

sol.c <- cos(w*tt)

rnd <- rnorm(length(t), 0, 20)

SE.s <- matrix(NA, 46, 4)

I <- matrix(1l, Tength(t))

data <- data.frame( alo, I = I, t, sol.s=sol.s, sol.c=sol.c,
sol.sine=sol.sine)

# keep <- alo$time > 0 ; data <- datal[keep,]

sol.noise <- sol.sine <- MgII <- matrix(NA, 46)

SP <- matrix(NA, 46)

Ttl <- Tt2 <- 1t3 <- matrix(NA, 46)

t0 <- matrix(NA, 46)

phase <- phase2 <- amp <- matrix(NA, 46)

alt <- 45:90

pr.mg2 <- pr.s <- pr.sp <- pr.soln <- matrix(NA, 46)

for (j in 45:90) {

ii <- j - 44

fmlal <- ccat( "X", j, "km ~ t + sol.sine")

#fmlal <- "rnd ~ t + mg2"

fitl <- fit.alo(fmla=fmlal, kill=FALSE, data=data)$Im
sol.sine[ii] <- coef(fitl)[3]

Tt1[ii] <- coef(fitl)[2]

soln.[ii] <- coef(fitl)[4]

pr.s[ii] <- 1l-summary(fitl)$coefficients[3,4]

fmla2 <- ccat( "X", j, "km ~ t + MgII")

#fmla2 <- "rnd ~ t + MgII"

fit2 <- fit.alo(fmla=fmla2, kil1=FALSE, data=data)$Im
MgII[ii] <- coef(fit2)[3] ; b.mg <- MgII[ii]
1t2[1i] <- coef(fit2)[2]

SP[ii] <- summary(fit2)$coefficients[3,2]

pr.mg2[ii] <- l-summary(fit2)$coefficients[3,4]

fmla3 <- ccat( "X", j, "km ~ t + sol.s + sol.c")

#fmla3 <- "rnd ~ t + sol.s + sol.c"

fit3 <- fit.alo(fmla=fmla3, kill=FALSE, data=data)$Im ; «cc <-
coef(fit3)

b <- coef(fit3)[2] ; c <- coef(fit3)[1l] ; tt2 <- fit3%$model[,2]

+ time.offset
mod <- fit3$model
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ph2 <- atan2(coef(fit3)[3], coef(fit3)[4]) ; if (ph2<0){ph2 <-
ph2+2*pi}
ph <- get.sol.max(fit3, tt)
A <- sqrt( coef(fit3)[4]A2 + coef(fit3)[3]A2)
names (ph) <- names(b) <- names(c) <- names(A) <- NULL

T1t3[ii] <- cc[2] ; amp[ii]l <- A ; phase[ii] <- ph ;
phase2[ii] <- ph2
AAA <- SEs(fit3, ph2, A, col.names= c("Int.", "LT", "A", "ph'"))

SE.s[ii, ] <- AAA
sol.noise[ii, 1] <- cc[5]

ss2 <- (coef(fit3)[3]*mod$sol.s + coef(fit3)[4]*mod$sol.c)/A ;
mod$sol.s <- ss2

fmlad <- ccat( "X", j, "km ~ t + sol.s")

fit4d <- Tm(fmla4, data=mod)

pr.sp[ii] <- 1l-summary(fit4)$coefficients[3,4]

## pr.soln[ii] <- 1-summary(fit4)$coefficients[4,4]

print(j)

}

mg. <- 2*MgII

mga. <- 2*sol.sine

ph. <- phase # fix.phase.one(phase - th)
A. <- amp*2

alt <- 45:90

mtext.cex <- 0.8

op <- par(no.readonly = TRUE)
par(mfrow = c(1, 3))

par(mgp = c(1.5, 0.5, 0))
par(oma = c(0.5, 0.5, 0.5, 0.5))
par(bg="white")
par(cex.axis=1.5)

rems.Amp <- c(0.6,1.2,1.6,2.2,2,1.8,1.2,2,3.2,3.2,2.6,2.2) ## Rems
2007 40 N

rems.alt <-
c(48.32491,51.10865,53.68817,57.49702,60.42884,62.46151,65.25389,73.161
14,75.70142,77.47369,79.93315,82.06233) ## Rems 2007

rems.pha <- ¢(10.8,10.4,10.1,9.6,9.2,9,8.4,1.3,0.9,0.8,0.6,0.3) ##
Rems 2007 40 N

rems09.p <- c¢(1.5,3,4.5,4.5,3,1.5,0,1.5,1.5) ## Rems 09 Figure 5
rems09.alt2 <- c¢(72.1,69.2,68.6,67,66.7,66.3,65.9,65.6,58.5)
rems09.altl <- c(77.47369, 75.10888, 73.59735, 72.16893, 71.30992,
69.86640, 65.96773, 65.25389, 52.96298)

rems09.amp <- ¢(3,3,2.5,2,1.5,1,1,1.5,1.5)

p?z <-¢(9.9,9.9,9.7,9.3,10.7,10.9,10.9,11,10.9) ## Rems 2007 50 N

alt2 <-
c(57.49702,60.42884,62.46151,65.25389,73.16114,75.70142,77.47369,79.933
15,82.06233)

amp2 <- c(1.8,2,2,1.2,2.6,3.2,3.2,3,2.8) ## Rems 2007 50 N

cex <- 1.4

HH#HRHRH#HHHE AMPLITUDE ########HHHRH#HHHHHHH

par(mar = c(5, 5, 2, 1))

plot(A.[,1], alt, pch=19, xlim=c(-1, 10), type="1", lwd=2, xlab="",
ylab="", main="", axes=FALSE)

abTine(v=0, col="dark gray")

text(8, 46, "(a)", cex=1.5)
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mtext( "Amplitude of the Atmospheric Solar Response

Kelvin (solar max - solar min)", side=1l, at=4.8, cex=mtext.cex,
Tine=3.7)

Eteﬁg("A1titude (km)", side=2, at=68, cex=1l, 1ine=2.8)

ox

axis(side=2, at=seq(45, 90, by=5), labels=TRUE, cex=0.5, padj=-0.4)
axis(side=1l, padj=0.4)

arrows(6.5, 65, 5.4, 70, code=2, length=0.15, Twd=2, col="gray")
text(7, 64, "95% CcI", cex=1l.3, font=10)

grid()

Tines(A.[,1] + SE.s[,3]%1.97, alt, 1lty=2)

Tines(A.[,1] - SE.s[,3]%1.97, alt, 1ty=2)

points(rems.Amp, rems.alt, pch=19, cex=cex)

points(amp2, alt2, pch=17, cex=cex)

points(rems09.amp, rems09.altl, pch=2, cex=cex)

Tines(A.[,1], alt, lwd=2)

HEH#HHBH AR HHRHHHBH AR HHRH BB BB R R R RBH BB BB S

HEH#HHBH#E  PHASE ##HBHHRBHHHHH BRI HRBHHRBH BB HRBHHRBHY

par(mar = c(5, 1, 2, 2))

plot(phase2/w, alt, pch=19, xTim=c(-1, 15), type="1", xTab="", ylab="",
Twd=2, axes=FALSE)

# points(ph., alt, pch=19, col="green")

abline(v=c(0, pi, 2*pi, -pi, -2*%pi, 3*pi)/w , col="gray")
abline(v=c(pi/2, 3*pi/2, -pi/2, -3*pi/2, 5*pi/2)/w , col="gray", lty=2)
text(12, 46, "(b)", cex=1.5)

mtext( c(expression(0), expression(pi*"/"*2), expression(pi),
expression(3*pi*"/"*2), expression(2*pi)), side=3, at=c(0, pi/2, pi,
3*pi/2, 2*pi)/w, cex=0.8, line=-1)

mtext( "Phase of atmospheric solar response

Years from solar maximum", side=1l, at=7.5, cex=mtext.cex, line=3.7)
axis(side=2, at=seq(45, 90, by=5), Tabels=FALSE, cex=0.6, padj=-0.4)
axis(side=1, padj=0.4)

points( rems.pha, rems.alt, pch=19, cex=cex) ; points( rems.pha + 11,
rems.alt, pch=19, cex=cex) ; points( rems.pha - 11, rems.alt, pch=19,
cex=cex)

points(ph2 , alt2, pch=17, cex=cex) ; points(ph2 - 11, alt2, pch=17,
cex=cex)

points(rems09.p, rems09.alt2, pch=2, cex=cex)

points(rems09.p+11, rems09.alt2, pch=2, cex=cex)

off.x <- -8 ; off.y <- -15

arrows (11+off.x, 68 + off.y, 12.5+0ff.x, 74+off.y, code=2, Tength=0.15,
Twd=2, col="gray")

EexE§ll+off.x, 67+off.y, "95% CI", cex=1.3, font=10)

ox

Tines( phase2/w + SE.s[,3]1%1.97/w, alt, Tty=2)
Tines( phase2/w - SE.s[,3]1%1.97/w, alt, Tty=2)

27':p-i/w’ a-l't’ -Ity=l, -|Wd=2)

2*pi/w + SE.s[,3]*1.97/w, alt, 1ty=2)
2*pi/w - SE.s[,3]*1.97/w, alt, Tty=2)
2

Tines( phase2/w +
Tines( phase2/w +
Tines( phase2/w +
Tines( phase2/w - 2*pi/w, alt, lty=1, lwd=2)

Tines( phase2/w - 2*pi/w + SE.s[,3]%1.97/w, alt, 1lty=2)
Tines( phase2/w - 2*pi/w - SE.s[,3]1*%1.97/w, alt, lty=2)
Tines(phase2/w, alt, Twd=2)

BAHBHHHRAHBHHBHH BB H BB HH B AR BHB R RSB H BB RSS2
#A#B####HAYE FIX PROXY ##H##A#BHHBH AR AU HHH B R AR HHBHAH R AH R
par(mar = c(5, 0, 2, 3))

N
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plot(mg.[,1], alt, pch=19, x1lim=c(-5,6), xlab="", type="1", ylab="",
lwd=2, axes=FALSE)

Tines(mga., alt, Tty=4, lwd=2)
abline(v=0,col="dark gray™)
Tines(SP*1.96, alt, 1lty=2)
Tines(-SP*1.96, alt, Tty=2)
Tegend(-0.5, 73, c("mMg I1", expression("sin "*omega * t), "Remsberg
(09)", expression('"Remsberg (07) "*40A0*" N"), expression('"Remsberg
(07) "*50/\0*" N")) ,

pch=c(NA,NA,2,19, 17), 1ty = c(1, 4, NA, NA, NA), bg =
'white' , cex=1l, Twd=1l.2)

text(4, 46, "(c)", cex=1l.5)

mtext( "solar Proxy Coefficients

Kelvin (solar max - solar min)", side=1l, at=0, cex=mtext.cex, line=3.5)
axis(side=2, at=seq(45, 90, by=5), Tabels=FALSE, cex=0.5, padj=-0.4)
axis(side=1, padj=0.4)

box()

arrows(-3.2, 50, -0.8, 55, code=2, Tength=0.15, lwd=2, col="gray")
text(-4, 49, "95% CI", cex=1l.2, font=10)

Tines(mg.[,1], alt, Twd=2)

HBRHAHHHRBHHH YRR AAHH B BB AR BB BHHH BB HAH BB B AR B R

HHAHHH R R R R R RRRHRRRRRR R R R
#

##A####### THIS CODE GENERATES FIGURE 3 FROM CHAPTER 4 ##########
HHHHHHH R R R R RRRRRRRR R R
## This will do a strait regression on the alo temperatures.
rm(1list=1s(alT=TRUE))

source("dir.txt")

Tibrary(sfsmisc)

coef.corr <- function(A, se2) {
A <- as.matrix(A)
v <- solve(t(A)%*%A)*se2
v.d <- diag(v)
n <- nrow(v) ; ¢ <- ncol(v)
cor <- matrix(NA, n, c)
for (j in 1:n) {
for (k in 1:c) {
sjj <= v[j,jl ; skk_<- v[k,k]
cor[j,k] <- v[j,k1/C sqrt(sjj)*sqrt(skk) )

return(cor)

#alo <- alo.data # purify.alo() ## this will remove data points
Ereater than 3 standard deviation from the mean; up to and including 90
m

alo <- purify.aloQ

t <- alo$time ; t <- t - (max(t) - min(t))/2

w <- 0.5752152710 # T ~ 10.9 yrs

sl <- sin(w*t) ; s2 <- cos(w*t)

df <- data.frame(alo, sl, s2, y=s2*0)

alt <- seq(45, 90, by=1)

n <- length(alt)

df$time <- t - mean(t)

get.1tl <- matrix(NA, n, 3)



get.1t2 <- matrix(NA, n, 3)
get.1t3 <- matrix(NA, n, 3)
get.1t4 <- matrix(NA, n, 3)
get.1t5 <- matrix(NA, n, 3)

for (i in 1:n) {

h.col <- 26 + i

df$y <- df[, h.col]

Tml <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit +
+ sol.n, data=df)

c <- summary(Iml)$coefficients

get.1tl[i,1] <- c[2,1] ; get.l1tl[i,2] <- c[2,1] - c[2,2]*1.
get.1tl[i,3] <- c[2,1] + c[2,2]*1.96
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sl + s2

96 ;

xX <- Iml$model[,2] ; yy <- resid(Iml) ; xx2 <- XX¥*XX ; XX3 <-

xx2*%xXx ; 1 <- predict(Im(yy ~ XX + xx2 + xx3))
#plot(xx, resid(Iml))
#points(xx, 1, col="red")
#ab1ine(h=0)
# readline("enter...")

Tm2 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit +
data=df)

c <- summary(1m2)$coefficients

get.1t2[i,1] <- c[2,1] ; get.1t2[i,2] <- c[2,1] - c[2,2]*1.
get.1t2[i,3] <- c[2,1] + c[2,2]*1.96

Tm3 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit +
data=df)

c <- summary(1m3)$coefficients

get.1t3[i,1] <- c[2,1] ; get.1t3[i,2] <- c[2,1] - c[2,2]*1.
get.1t3[1i,3] <- c[2,1] + c[2,2]*1.96

Tm4 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit +
sol.n, data=df)
c <- summary(1m4)$coefficients

get.1t4[i,1] <- c[2,1] ; get.1t4[i,2] <- c[2,1] - c[2,2]*1.
get.1t4[i,3] <- c[2,1] + c[2,2]*1.96
b
v <- Tml$model ; v[,1] <- v[,1]1*0+ 1 ; se2 <- var(resid(Iml))

coef.corr(v, se2)
coef.corr(v[,-1], se2)

par(mfrow=c(1,2))
par(mar = c(4, 4, 1, 0))

plot(get.1tl1l[,1], alt, type="1", Twd=2, xlim=c(-3,0.5), ylab="",
xTab="", axes=FALSE)

abTline(v=0, col="gray")

Tines(get.1t1[,1], alt, Twd=2)

Tines(get.1t1[,3], alt, type="1", Tt=2, Twd=2)
Tines(get.1tl[,2], alt, type="1", 1t=2, Twd=2)

box ()

mtext("Altitude (km)", side=2, at=65, padj=-4, cex=1)
axis(side=2, at=seq(45, 90, by=5), Tabels=TRUE, cex=0.5, padj=0.
hadj=1.5, Tas=1)

axis(side=1, Tabels=TRUE, cex=0.2, padj=0, las=1) #x-axis
text(-2, 70, "95% C1I", cex=0.9)

arrows(-1.5, 70, -1, 72.5, lwd=2, length=0.1)

text(-2.5, 60, "Ca)")

par(mar=c(4,0,1,1))

MgII,

96 ;

sol.n,

96 ;

sl +

96 ;

3,
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plot(get.1tl[, 1], alt, type="n", lwd=2, ylab="", xlab="", axes=FALSE)
abTline(v=0, col=" grey')
1ines(get.1t1[,1], alt, type="1", lwd=2, ylab="", xTab="")

Tines(get.1t2[,1], alt, 1t=2, Twd=2)

Tines(get.1t3[,1], alt, 1t=3, Twd=2)

Tines(get.1t4[,1], alt, 1t=4, Twd=2)

Tines(get.1t1l[,3], alt, type="1", Tt=2, Twd=3, col="gray")
Tines(get.1tl1[,2], alt, type="1", 1t=2, Twd=3, col="gray")
mtext("Linear Cooling Trend (K/year)", side=1, at=-2, padj=3, cex=0.9)
axis(side=1, at=c(0, -0.5, -1, -1.5), cex=0.2, padj=0, Tas=1) #x-axis
axis(side=1l, at=c(-0.25, -0.75, -1.25, -1.75), labels=FALSE, cex=0.2,
padj=0, las=1) #x-axis

box()
text(-1.7, 60, "(b)"™)
lTegend(-2, 55, c("sine + cosine","Mg II", "sine and cosine omitted",

"sine only"), 1ty=1:7, cex = 0.9, lwd=2, bty="n")

HEH#HHBH AR HHRH R HHRHHHBH BB H BB R R R HHR R R R HRBH R R R R R R AR H R RS
#

######### THIS CODE GENERATES FIGURE 4 FROM CHAPTER 4 ##########
HEH#HHBH AR H BB HRBHHRHHHBH BB H BB R R BB HHRBHRRH R H AR R AR R R AR R R RS
rm(1ist=T1s(alT1=TRUE))

Tibrary(Hmisc)

# FROM BEIG ET AL. 2003
# Ramaswamy et al. 2001

t.mp <- c(-6.8,0,0.2,0.6,5,-10.5,0.3,0.3,-9,1.2,-1.2,0,-0.24,-0.3,0,-
1,-1.5,0,-1.4,-2.1,- 6, -1.93,-2.5)

t.ms <- c( 2. 5,—2 5,-4.5,-3.3,-2. 2 -1.5,-3,-5.6,-3.5,-8.8,-5.2,-2,-
3.5,-10,-2.5,-0.24,-1.5,-2,-3,-2,-1,-1.6)

t.sp <- ¢(-0.5,-0.4,-0.3,-0.3,-0. 2 20. 5,0,-1,2,-4,0,-0.5,0,-0.5,-0.2,-
0.8,0,-0.9,0,-1,-0.2,-0. ,0 -4.5,-0.38,-0.43,-0.4,-0.4,-1.9,1.67, -
1.85,4.07,-0.27,-0.44,-0.63,-0.73, - -1. 2,0.8,-0.2,-1.6,1.5,-0.16)

mp <- hist(t.mp, breaks=12, plot=FALSE)
ms <- hist(t.ms, breaks=12, plot=FALSE)

par(mar = c(4, 6, 2, 2))

plot(1l:16, -11:4, xlim=c(-6, 7), ylim=c(0, 17), type="n", axes=FALSE,
X'I a.b=ll n , y'l ab=ll ll)

v <- barplot(-mp$counts, col="Tight gray", add=TRUE, horiz=TRUE,
space=0, axes=FALSE)

barplot(ms$counts, col="1ight gray", horiz=TRUE, space=0, add=TRUE,
axes=FALSE)

ri <- max(v) - min(v) ; ru <- max(mp$mids) - min(mp$mids) ; x <-
mp$mids
y.new <- ri/ru*(x + 10.5) + 0.5
ylab=mp$mids
axis(side=2, at=y.new, labels=ylab, cex=0.2, padj= 0.25, las=1)
axis(side=1, at=(-6:6), Tabels=abs(-6:6), cex=0.2, padj=-0.75, las=1)
mtext( "Count", side=1, at=0, cex=0.9, line=1.5)
Ttext( ";emperature Trend (K/decade)", side=2, at=8.5, cex=0.9,
ine=3.2
text(3, 16, "(B) Mesosphere", cex=0.9)
text(-3, 16, "(A) Mesopause", cex=0.9)
text(-5, 2, ccat("N=", length(t.mp)), cex=0.8)
Eex%§5, 2, ccat("N=", Tength(t.ms)), cex=0.8)
ox
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HARBHHHRRRRHH A AR R HHHRB R AHRRRHHA TR BB A A RRRRHH AR AR H AR R B H TR BB AR
######### THIS CODE GENERATES FIGURE 5 FROM CHAPTER 4 ##########
HEBBHH AR BB R HRRBRHRHRBBRH B HR BB H R R BB HHRR BB R HH BB H R R R R R RS

op <- par(no.readonly = TRUE)
par(mfrow = c(1, 2))
par(mar = c(3.5, 4, 0.5, 1))

## FOR S1 AND S2, WHEN THE DATA IS ABOUT EVENLY DIVIDED
plot(get.1t14[,1], alt, type="n", xTlim=c(-5, 0.6), col="black",
xTab=NA, ylab=NA, axes=FALSE)

abline(v=0, col="gray'")

Tines(get.1t14[,1], alt, lwd=2, 1t=2)

Tines(get.ltg4[,1], alt, Twd=3, Tt=3)

Tines(get.1t[,1], alt, lwd=2, 1t=1)

mtext(";inear Cooling Trend (K/year)", side=1l, at=-2.2, padj=3,
cex=0.9

mtext("Altitude (km)", side=2, at=70, padj=-4, cex=1)
axis(side=1l, cex=0.2, padj=-0.5) #x-axis

axis(side=2, cex=0.2, padj=0.4, Tas=1) #x-axis

box()

el <- expression(S[1]*" (t<4 y)'")

e2 <- expression(S[2]*" (t>4 y)'")

e3 <- "all"

Tegend(-4, 65, c(el,e2, e3), Tty=c(2,3,1), cex = 0.9, Twd=2, bty="n")
text(0.4, 89, "(a)")

## FOR FULL AND FIRST YEAR REMOVED

par(mar = c(3.5, 2, 0.5, 1))

plot(get.1t[,1], alt, xlim=c(-2, 0.3), type="n", col="black", xTab=NA,
ylab=NA, axes=FALSE)

abTline(v=0, col="gray")

Tines(get.1t2[,1], alt, Iwd=3, 1t=3)

Tines(get.1t[,1], alt, Iwd=2, 1t=1) ## full data set

mtext(";inear cooling Trend (K/year)", side=1l, at=-0.6, padj=3,
cex=0.9

axis(side=1, cex=0.2, padj=-0.5) #x-axis

axis(side=2, cex=0.2, padj=0.4, las=1) #x-axis

box ()
e2 <- expression(S[3]*" (t>1 y)'")
e3 <- "all"

Tegend(-1.5, 65, c(e2, e3), lty=c(3,1), cex = 0.9, Twd=2, bty="n")
text(0.2, 89, "(b)"™)
cbind(get.1t2[,1], get.1t[,1])

HERBHHHRRRRHHARRBHHHHRB R HHRRR AR AHRB A AR RR R A HRR BB HH AR R H TR BB H AR
#H####### THIS CODE GENERATES FIGURES 6 and 7 FROM CHAPTER 4 #######
HERBHHHHRBRHHARRR A HRB R A AR BB H AR AR HARR BB H AR R H AR R A AR RS H A

rm(1ist=T1s(alT=TRUE))
source("dir.txt")
Tibrary(sfsmisc)

alo <- purify.aloQ

t <- alo$time ; t <- t - (max(t) - min(t))/2
w <- 0.5752152710 # T ~ 10.9 yrs

sl <- sin(w*t) ; s2 <- cos(w*t)

df <- data.frame(alo, s1, s2, y=s2*0)

df$time <- t - mean(t)

df$y <- df$x89km
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Tml <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit + sl +
sol.n, data=df)
t <- Tml$model[,2] ; t2 <- tA2 ; t3 <- tA3 ; t4 <- tA4
Tml <- Tm(y ~ sin2pit + cos2pit + sindpit + cos4pit + sol.n, data=df)
r <- resid(Iml)
Tm2 <- Tm(r ~ t + t2 + t3 + t4)

par(mar = c(4, 4, 1, 1))

plot(t,r, pch=20, xlab="", ylab="", axes=FALSE)
abline(h=0)

points(t,r, pch=20)

Tines(t, predict(1m2), lwd=2, col="dark gray")

mtext("Time (years)", side=1l, 1line=2)
mtext("Residuals from 85 km", side=2, Tine=2.5)
axis(side=1l, cex=0.2, padj=-0.8, Tas=1)

axis(2)

box ()

HEBBHHHRRBRHHHRR B HHHRB R HHRRR AR ARR BB H A BB HHRRBHH A AR R AR R R H
######### THIS CODE GENERATES FIGURE 8 FROM CHAPTER 4 ##########
HARBHHHARRRHH AR B R HHHRR R A AR AR A TR BB H AR BB A AR RS H AR RS A AR RS

## This will do a strait regression on the alo temperatures.
rm(Tist=1s(al1=TRUE))

source("dir.txt")

Tibrary(sfsmisc)

coef.corr <- function(A, se2) {
A <- as.matrix(A)
v <- solve(t(A)%*%A)*se?2
v.d <- diag(v)
n <- nrow(v) ; ¢ <- ncol(v)
cor <- matrix(NA, n, c)
for (j in 1:n) {
for (k in 1:c) {
sjj <= v[j,3il ; skk_<- v[k,Kk]
cor[j,k] <- v[j,kl/C sqrt(sjj)*sqrt(skk) )

return(cor)

}

#alo <- alo.data # purify.alo() ## this will remove data points
Ereater than 3 standard deviation from the mean; up to and including 90
m

alo <- purify.aloQ

t <- alo$time ; t <- t - (max(t) - min(t))/2

w <- 0.5752152710 # T ~ 10.9 yrs

sl <- sin(w*t) ; s2 <- cos(w*t)

df <- data.frame(alo, sl1, s2, y=s2*0)

alt <- seq(45, 90, by=1)

n <- length(alt)

df$time <- t - mean(t)

get.1tl <- matrix(NA, n,
get.1tl2 <- matrix(NA, n,
nn <- matrix(NA, n)

for (i in 1:n) {

h.col <- 26 + i
df$y <- df[, h.col]

3)
3)
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Tml <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit + sl + s2

+ sol.n, data=df)

c <- summary(Iml)$coefficients

get.1tl[i,1] <- c[2,1] ; get.1tl[i,2] <- -c[2,2]*1.96 ;
get.1tl[i,3] <- c[2,2]%1.96

nn[i] <- length(resid(Iml))

Tml2 <- Im(y ~ time + sin2pit + cos2pit + sindpit + cos4pit + sol.n,

data=df)

c <- summary(Tml2)$coefficients

get.1t12[i,1] <- c[2,1] ; get.1tl1l2[i,2] <- c[2,2]%1.96 ;
get.1t12[i,3] <- -c[2,2]%1.96

}

par(mar = c(4, 4, 1, 1))
plot(get.1tl[,1], alt, type="1", Twd=2, x1im=c(-2.5,1.5), ylab="",

x1ab="", axes=FALSE)
abline(v=0, col="gray")

Tines(get.1tl1[,1], alt, lwd=2, 1t=1)

Tines(get.1tl1[,3], alt, type= "1", 1t=2, Twd=2)
Tines(get.1tl[,2], alt, type="1", Tt=2, Twd=2)

Tines(get. 1t12[ 1], a1t type="1", Tt=1, lwd=2, col="dark gray")
Tines(get.1t12[,2], alt, type="1", 1t=2, 1wd=2, col="dark gray')
Tines(get.1t12[,3], alt, type="1", T1t=2, Twd=2, col="dark gray")

box ()

mtext("Altitude (km)", side=2, at=67, padj=-3.4, cex=1)
mtext("Linear trend (K/year)", side=1l, at=-0.5, padj=2.5, cex=1)
axis(side=2, at=seq(45, 90, by=5), labels=TRUE, cex=0.5, padj=0.3,
hadj=0.8, Tas=1)

axis(side=1l, Tabels=TRUE, cex=0.2, padj=-0.5, Tas=1) # x-axis
text(-1, 50, "95% C1", cex=0.9)

arrows(-0.7, 50, -0.25, 52.5, lwd=2, length=0.1)

arrows(-0.7, 50, -0.12, 49, 1wd=2, length=0.1)

Tegend(-2.5, 70, c("Full Model","solar-Tike terms

omitted"), col=c("black","gray"),lty=1, cex = 0.9, lwd=2, bty="n")
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HRBRHHHRRRBHHH BB HHRRB B HHR BB R HRRB R AR R HHRR BB H AR R R H R RS
######### THIS CODE GENERATES FIGURE 11 FROM CHAPTER 4 ##########
HARBHHHARBRHHARRRRHHHRR R AR AR HAH AR H AR BB A AR RS HH AT RR R AR RS

rm(1list=1s(alT1=TRUE))
source("dir.txt")
Tibrary(sfsmisc)
Tibrary(simpleboot)

calc.solar.phase <- function(time, mg2) {

w <- 0.5752152710
t <- time - (max(time) + min(time))/2
sol.s <- sin(w*t)
sol.c <- cos(w*t)
df <- data.frame(sol.s, sol.c, mg2=mg2)
Tm.s <- Im(C 'mg2 ~ sol.s + sol.c', df)
ph <- atan2(coef(Im.s)[3], coef(Im.s)[2]) ; names(ph) <- NULL
A <- sqrt(coef(Im.s)[3]A2 + coef(Im.s)[2]A2)
I <- matrix(1l, length(t))
nl <- nls(mg2 ~ a*I + b*sin(ww*t + p), start=1list(a=0, b=A, p=ph,
ww=w) )
#print(A)
#plot(t, mg2) ; points(t, A*solar2(ph, t, noise=FALSE, A = 1),
pch=19, col="red")
#points(t, predict(Im.s), col="blue")
cc <- coef(nl)
w <- cc[4] ; names(w) <- NULL

ph <- cc[3] ; names(ph) <- NULL
int <- cc[1l] ; names(int) <- NULL
A <- cc[2] ; names(A) <- NULL

) return(list(ph=ph, A=A, w=w, int=int, Tm=nl))

i
HARBHHHARBRHHATRBRHH AR RS AR RS HHHH

A. <- matrix(NA, 46, 3)
ph. <- matrix(NA, 46, 3)
mg. <- matrix(NA, 46, 3)
mga. <- matrix(NA, 46, 3)
soln. <- matrix(NA, 46)

alo <- purify.alo2Q

dn <- alo$doy ; get <- (dn > 91) & (dn < 273)
alo.sum <- alo[get,] ; alo.wint <- alo[!get,]

alo <- alo

t <- alo$time ; t <- t - mean(t)

w <- 0.5752152710

MgII <- alo$MgII ; MgII <- MgII/sd(MgII) ; MgII <- MgII - mean(MgII)
sol.out <- calc.solar.phase(time=t, mg2=MgII) ; w <- sol.out$w

mg.a <- sol.out$A ; MgII <- MgII/mg.a ; MgII <- MgII - mean(MgII);
sol.out <- calc.solar.phase(time=t, mg2=MgII)

th <- sol.out$ph ; w <- sol.out$w ; alo$MgII <- MQgII

sol.sine <- sin(w*t + th) ; alo$sol.n <- resid(sol.out$Im) ;

alo$sol.n <- alo$sol.n/sd(alo$sol.n)

sol.s <- sin(w*t)
sol.c <- cos(w*t)



sol.s2 <- sin(2*w*t)

sol.c2 <- cos(2*w*t)

rnd <- rnorm(length(t), 0, 20)

SE.s <- matrix(NA, 46, 5)

I <- matrix(1l, Tength(t))

data <- data.frame( alo, I = I, t, sol.s=sol.s, sol.c=sol.c,
sol.sine=sol.sine, y=t*0)

doy <- data$doy

keep <- (doy>79) & (doy<232) ## THIS IS FOR SUMMER

# keep <- alo$time > 0 ; data <- data[keep,]

SS.S <- SS.W <- mg.w <- mg.s <- matrix(NA, 46)
A.s <- A.w <- matrix(NA, 46)

alt <- 45:90

Tt.s <- 1t.w <- matrix(NA, 46)

for (j in 45:90) {

h.col <- j-45+27
i1 <- j - 44
data$y <- datal[,h.col]
data.s <- datalkeep,]
data.w <- data[!keep,]
fmlal <- "y ~ t + sol.sine + sol.n"
fitl.s <- fit.alo(fmla=fmlal, kill=FALSE, data=data.s)$1m
fitl.w <- fit.alo(fmla=fmlal, kilT=FALSE, data=data.w)$1Im
ss.w[ii] <- coef(fitl.w)[3]*2
ss.s[ii] <- coef(fitl.s)[3]*2

fmla2 <- "y ~ t + mMgII"

fit2.s <- fit.alo(fmla=fmla2, kilT=FALSE, data=data.s)$1Im
fit2.w <- fit.alo(fmla=fmla2, kill=FALSE, data=data.w)$1m
mg.s[ii] <- coef(fit2.s)[3]%*2

mg.w[ii] <- coef(fit2.w)[3]%*2

fmla3 <- "y ~ t + sol.s + sol.c + sol.n"

fit3.w <- fit.alo(fmla=fmla3, kill=FALSE, data=data.w)$Im
cc.w <- coef(fit3.w)

fit3.s <- fit.alo(fmla=fmla3, kill=FALSE, data=data.s)$Im
cc.s <- coef(fit3.s)

A.s[i1i] <- sqrt( coef(fit3.s)[4]A2 + coef(fit3.s)[3]A2)*2

A.wl[ii] <- sqrt( coef(fit3.w)[4]A2 + coef(fit3.w)[3]A2)*2

Tt.s[ii] <- coef(fit3.s)[2] ; 1t.w[ii] <- coef(fit3.w)[2]

print(j)
}
alt <- 45:90

op <- par(no.readonly = TRUE)
par(mfrow = c(1, 3))

par(mar = c(5, 5, 2, 1))
par(mgp = c(1.5, 0.5, 0))
par(oma = c(0.5, 0.5, 0.5, 0.5))

par(bg="white")
par(cex.axis=1.5)

HARBHHHHRRRHH AR AR HH A AR BB R AR BB H 1A
#E####HHAE AMPLITUDE #####FHHRBH#H#HHARH##
HABRHHHARRRHHAARRRHH AR RS AR RS HHAH
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plot(A.w, alt, pch=19, xlim=c(-1, 12), type="1", lwd=2, xlab="",
ylab="", main="", axes=FALSE)

Tines(A.s, alt, lty=2, lwd=2)

abline(v=0, col="dark gray™)

text (10, 46, "(a)", cex=1.5)

mtext( "Atmospheric Solar Response Amplitude

Kelvin (solar max - solar min)", side=1l, at=4.8, cex=0.9, Tine=3.7)
Eteﬁg("A1titude (km)", side=2, at=68, cex=1l, 1line=2.8)

ox

axis(side=2, at=seq(45, 90, by=5), labels=TRUE, cex=0.5, padj=-0.4)
axis(side=1, padj=0.4)

Tegend(5, 55, c("Summer", "winter"), 1ty = c(2, 1), bg = 'white' ,
cex=1, Twd=2)

gridQ

HEHHRBH BB HRBHHRBH BB HRBHHRBH BB HRBH BB BH BB HRRHHH

HE#HHBHE  STN WE #HRHHHRH AR AR HHRH AR AR HHRHHRBH 1Y

HEH#HHBH AR HHRHHHBH AR HHBH BB BB R R R RBH BB BB S

par(mar = c(5, 2, 2, 2))

plot(mg.w, alt, pch=19, x1im=c(-10,10), xlab="", type="1", ylab="",
Twd=2, axes=FALSE)

abline(v=0,col="dark gray™)

Tines(mg.s, alt, Tty=2, lwd=2)

text(7, 46, "(b)", cex=1.5)

mtext( "MgII Coefficient

Kelvin (solar max - solar min)", side=1l, at=0, cex=0.9, 1ine=3.5)
axis(side=2, at=seq(45, 90, by=5), Tabels=FALSE, cex=0.5, padj=-0.4)
axis(side=1l, padj=0.4)

gridQ

box ()

HEBBHHHHRBRHHHHRBRHHHRR BB R AR BB R A AR R AR R RS S HH
HERH#H#HHRE FIX PROXY HEHH#HHFRBHHHHRRBHHHHRBRHHHHRRRHH
HARBHHHARBRHHARRRRHH ARG AR R R HATRR RS AR B RS

par(mar = c(5, 2, 2, 2))

plot(ss.w, alt, pch=19, x1lim=c(-10,10), xlab="", type="1", ylab="",
lwd=2, axes=FALSE)

Tines(ss.s, alt, Tty=2, lwd=2)

abline(v=0,col="dark gray™)

text(7, 46, "(c)", cex=1.5)

mtext( "Solar-sine Coefficient

Kelvin (solar max - solar min)", side=1l, at=0, cex=0.9, 1ine=3.5)
axis(side=2, at=seq(45, 90, by=5), Tabels=FALSE, cex=0.5, padj=-0.4)
axis(side=1, padj=0.4)

grid()

box ()

HERHAHH BB AAHH BB RAHH B BB ARG BB BAHH BB RARHH R BB BAHH B BB AR BB BAAH SRR R SRR H
######### THIS CODE GENERATES FIGURE 12 FROM CHAPTER 4 ##########
HERHAAHH BB HAH U BB R A HH BB B AR BB R BAHH BB RARH B R B RAH YRR RAH U BB BAHH BB BAH R BB

## AO SAO amp and phase
rm(Tist=Ts(alT=TRUE))
source("dir.txt")
Tibrary(sfsmisc)
Tibrary(futilities)
Tibrary(fields)

dir.F <- "C:\\Documents and Settings\\Troy wynn\\My
Documents\\dissertation\\Dissertation\\Summary And Comp\\French\\"
dir.H <- "C:/Documents and Settings/Troy Wynn/My
Documents/dissertation/Dissertation/Summary And Comp/HALOE/process/"
source(ccat(dir.F,"process.txt"))



source(ccat(dir.H,"process 2.txt"))
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SEs <- function(t, ao.p, ao.a, sao.p, sao.a, S.p, S.a, sn, w, noise) {

}

n <- length(t)

se <- sd(noise)

v.l <- matrix(1,n)

s2 <- sin(2*pi*t + ao.p) ; c2 <- cos(2*pi*t + ao.p)

s4 <- sin(4*pi*t + sao.p) ; c4 <- cos(4*pi*t + sao.p)

sw <- sin(w*t + s.p) ; cw <- cos(w*t + s.p)

Y <- cbind(v.1, t, s2, ao.a*c2, s4, sao.a*c4, sw, s.a*cw, sh)
YY <- sqrt(diag(solve(t(Y)%*%Y)))*se

return(yy)

SE2 <- function(t, ao.p, ao.a, noise) {

}

n <- length(t)

se <- sd(noise)

v.l <- matrix(1,n)

s2 <- sin(2*pi*t + ao.p) ; c2 <- cos(2*pi*t + ao.p)
Y <- cbind(v.1, t, s2, ao.a*c2)

YY <- sqrt(diag(solve(t(Y)%*%Y)))*se

return(yy)

get.mean <- function(doy, r, dw=5) {

#alo <- alo.data # purify.alo() ## this will remove data points

doys <- seq(l, 365, by=1)
doys <- c(320:365, doys, 1:45) ## day 1 is at 47
w <- (dw-1)/2
sds <- matrix(NA, 365) ; j <- 1
for (i in 1:365) {
dds <- doys[(46+i-w+2):(46+i+w)]
get <- matrix(FALSE, Tlength(doy))
for (p in 1l:Tength(dds)) { get <- doy==dds[p] | get }

if (sum(get)==0) { sds[j] <- NA } else { sds[j] <- mean(r[get])

j<-3j+1 # ; print(sum(get))

return(sds)

greater than 3 standard deviation from the mean; up to and including 90

km

alo <- purify.aloQ

t <- alo$time ; t <- t - (max(t) - min(t))/2
w <- 0.5752152710 # T ~ 10.9 yrs

sl <- sin(w*t) ; s2 <- cos(w*t)

s5
s6

<- sin(5*pi*t) ; c5 <- cos(5*pi*t)
<- sin(6*pi*t) ; cb6 <- cos(6*pi*t)

df <- data.frame(alo, sl, s2, y=s2*0, s5, c5, s6, c6)
alt <- 45:90
n <- length(alt)

#df$sin2pit <- sin(2*pi*df$time) ; df$cos2pit <- cos(2*pi*dfftime)

#df$sindpit <- sin(4*pi*df$time) ; df$cosdpit <- cos(4*pi*df$time)

AO.a <- AO.p <- SAO.a <- SAO.p <- matrix(NA, n, 2)
sds <- matrix(NA, n)
sao <- matrix(NA, 46, 365)

for (i in 1:n) {

h.col <- 26 + i
df$y <- df[, h.col] ; time <- df$time
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Tm0 <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosd4pit + sl + s2
+ sol.n + doy, data=df)
doy <- 1mO$model$doy
Tml <- Tm(y ~ time + sin2pit + cos2pit + sindpit + cosdpit + sl + s2
+ sol.n, data=df)
cc <- coef(Iml) ; mod <- Tml$model
deseason <- mod[,1] - (cc[1] + cc[2]*mod[,2] + cc[3]*mod[,3] +
cc[4]*mod[,4] + cc[7]*mod[,7] + cc[8]*mod[,8] + cc[9]*mod[,9] )
sao[i,] <- get.mean(deseason, doy, dw=30)
c <- coef(Iml) ; sds[i] <- sd(resid(Iml))
noise <- resid(Iml) ; tt <- Tml$model$time ; sn <- Tml$model$sol.n
ao.a <- sqrt(c[3]A2 + c[4]A2) ; ao.p <- atan2(c[3],c[4]) ; B <- c[1]
[ziao.a <- sqrt(c[5]A2 + c[6]A2); sao.p <- atan2(c[5],c[6]) ; b <-
C
s.a <- sqrt(c[7]A2 + c[8]A2) ; s.p <- atan2(c[7],c[8])
ses <- SEs(tt, ao.p, ao.a, sao.p, sao.a, S.p, S.a, sSh, w, noise)

#alo.data$time <- alo.data$time - mean(alo.data$time)

#I1m2 <- Tm(X45km ~ time + sin2pit + cos2pit , data=alo.data) ; c <-
coef(1m2)

#noise <- resid(Im2) ; tt <- Tm2$model$time

[1ﬁao.a <- sqrt(c[3]A2 + c[4]A2) ; ao.p <- atan2(c[3],c[4]) ; B <-

C

#n2 <- nls(xX45km ~ B + b*time + ao.a*sin(2*pi*time + ao.p),
data=alo.data, start=list(B=c[1], b=c[2], ao.a=ao.a, ao.p=ao.p))

#se2 <- SE2(tt, ao.p, ao.a, nhoise)

AO.a[i,1] <- ao.a ; AO0.a[i,2] <- ses[3]

AO.p[i,1] <- ao.p ; AO.p[i,2] <- ses[4]

SAO.a[i,1] <- sao.a ; SAO0.a[i,2] <- ses[5]
) SAO.p[i,1] <- sao.p ; SAO.p[i,2] <- ses[6]

op <- par(no.readonly = TRUE)
par(mfrow = c(2, 2))

par(mar = c(2.5, 2.5, 0.5, 0))
ymax <- 90

plot(Aa0.a[,1], alt, type="1", xlim=c(1,20),lwd=2, ylim=c(45,ymax),
col="red", axes=FALSE) ; box()

Tines(A0.al[,1] + AO.a[,2]1*1.96, alt, col="red", 1t=2)
Tines(A0.al[,1] - AO.a[,2]1%1.96, alt, col="red", 1t=2)

Tines(H.aa, 1t=1, col="blue",lwd=2)

Tines(C.aa, 1t=1, col="green",lwd=2)

# ginei(s.a[,lj, S.alt, pch=19, col="gray") ; points(s.al[,1],S.alt,
pch=19

lines(H.a[,1], H.alt, col="blue", 1t=2,lwd=2)

mtext( "AO0 Amplitude (K)", side=1, at=15.5, cex=0.8, Tine=-1.5)
mtext ("ATtitude (km)", side=2, at=68, cex=1l, Tine=2.8)
axis(side=2, at=seq(45, 90, by=5), Tabels=TRUE, cex=0.5, hadj=0.7,
padj=0.4, Tas=1)

axis(side=1, padj=-0.8)

text(2,85, "(@)")

abTline(v=0)

par(mar = c(2.5, 0, 0.5, 0.5))

plot(sAao.a[,1], alt, type="1", axes=FALSE, x1im=c(-0.5,7),
ylim=c(45,ymax), col="red",Twd=2) ; box()

abTline(v=0, col="gray")

Tines(sA0.a[,1], alt, Twd=2, col="red")

Tines(sAo.al[,1] + SA0.a[,2]%1.96, alt, col="red", 1t=2)
Tines(sA0.a[,1] - sA0.a[,2]1*1.96, alt, col="red", 1t=2)
Tines(H.sa, col="blue", 1t=1,Twd=2)
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Tines(C.sa, col="green", 1t=1,lwd=2)
# ginei(s.s[,lj, S.alt, pch=19, col="gray") ; points(s.s[,1],S.alt,
pch=19
lines(H.s[,1], H.alt, col="blue", 1t=2,lwd=2)
mtext("SAO0 Amplitude (K)", side=1, at=5, cex=0.8, line=-1.5)
axis(side=1l, padj=-0.8)
text(6, 85, "(b)™)
a <-
c(42.06052,51.13833,53.87608,56.18156,58.19885,61.22478,69.14986,73.472
33635.34582,77.07493,81.2536,85,86.44093,87.73775,88.7464,89.46686,90.6
A <- c(1.5,1.5,2,2.5,3,3.5,3,3,4,4.5,5,4.5,4,3.5,3,2.5,2)
Tines(A,a, lwd=2)

par(mar = c(2.5, 2.5, 0, 0))

AO.p[,1] <- fixphase(A0.p[,1]) ; AO.p <- AO0.p*365/(2*pi)

A.p <- AO.p[,1]

plot(A.p, alt, type="1", x1im=c(-20,190), col="red", ylim=c(45,ymax),
axes=FALSE, Twd=2) ; box()

abTline(v=0, col="gray")

Tines(A.p + AO.p[,2]%1.96, alt, col="red", Tt=2)

Tines(A.p - AO.p[,2]%1.96, alt, col="red", 1t=2)

Tines(H.ap, col="blue", 1t=1,Twd=2)

Tines(C.ap, col="green", 1t=1,lwd=2)

# Tines(s.a[,2], S.alt, col="gray") ; points(s.a[,2],S.alt, pch=19)
Tines(H.a[,2], H.alt, col="blue", 1t=2,lwd=2)

axis(side=2, at=seq(45, 90, by=5), Tlabels=TRUE, cex=0.5, hadj=0.7,
padj=0.4, las=1)

at <- 1:14 ; at[2:13] <- months(FALSE); at[14] <- 365; at[1l] <- -31
axis(side=1l, at=at, tick=TRUE, labels=NA)

at2 <- 1:13 ; at2[2:13] <- months() ; at2[1] <- -15.5

axis(side=1, tick=FALSE, at=at2, padj=-1,

'Iabe'ls C(IIDII IIJII IIFII,IIMII IIAII IIMII IIJII "J"’"A" IISII lloll IINII "D"))
mtext ("AO phase (months) side= 1 at= 70, cex=0. 8 1ine=>1. 5)
1egend(70 87, 1egend C("ALO" "OHP" "CEL", "HALOE" "SABER"),
1ty=c(1,1,1,2,1), co1=c("red", "b1ue", "green", "b1ue", "black"), bg =
"white" , cex=0.8, lwd=1)

text (180, 85, "(c)")

par(mar = c(2.5, 0, 0, 0.5))

SAO.p[,1] <- fixphase(SA0.p[,1]) ; SAO.p <- SA0.p*182.5/(2*p1i)

S.p <- SAO.p[,1]

plot(s.p, alt, type="1", axes=FALSE, x1im=c(0,190), ylim=c(45,ymax),
col="red",Twd=2) ; box()

Tines(S.p + SA0.p[,2]*%1.96, alt, col="red", 1t=2)

Tines(S.p - SAO0.p[,2]1*1.96, alt, col="red", 1t=2)

Tines(H.sp, col="blue", 1t=1,Twd=2)

Tines(C.sp, col="green", 1t=1,lwd=2)

# Tines(s.s[,2], S.alt, col="gray") ; points(s.s[,2],S.alt, pch=19)
Tines(H.s[,2], H.alt, col="blue", 1t=2,lwd=2)

mtext("SAO0 phase (months)", side=1, at=60, cex=0.8, line=-1.5)
axis(side=1, at=at, tick=TRUE, labels=NA)

axis(side=1, tick=FALSE, at=at2, padj=-1,

-Iabe-ls C(IIDII "J" IIFII IIMII’IIAII’IIMII’IIJII’IIJII’IIAII’IISII’IIOII’IINII’IIDII))
text (180, 85, "(d)“)
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HARBHHHARRRHHARR R HHRRRRHHHRRRRH AR B H A RRRRHHHRR BB H AR B H TR BB R H
##### THIS CODE GENERATES FIGURES 13 and 14 FROM CHAPTER 4 ######
HEBBHHHHRBRHHHRRBRHHHRBRRHHHR BB H R R BB R AR BB R AR R H R R R R R RS A

### HALOE SAO CLIMATOLOGY
Tibrary(sfsmisc)
Tibrary(futilities)
Tibrary(fields)

get.mean <- function(doy, r, dw=5) {

pt2
Doc
dat
dat
for
t <
s2
s3
s4
s5
s6
s7
s8
s9

dat
s3,
dat

get.

doys <- seq(l, 365, by=1)
doys <- c(320:365, doys, 1:45) ## day 1 is at 47
w <- (dw-1)/2
sds <- matrix(NA, 365) ; j <- 1
for (i in 1:365) {
dds <- doys[(46+i-w+2):(46+i+w)]
get <- matrix(FALSE, length(doy))
for (p in 1l:Tength(dds)) { get <- doy==dds[p] | get }
if (sum(get)==0) { sds[j] <- NA } else { sds[j] <- mean(r[get])

j<-Jj+1 # ; print(sum(get))

return(sds)

<- "C:/Documents and Settings/Troy Wynn/My
uments/dissertation/Dissertation/Summary And Comp/HALOE/process/"

a <- read.table(ccat(pt2,'"haloe.txt"), sep="\t", header=TRUE)
e <- 1:1
(i in 1l:nrow(data)) { date[i] <- ccat(data$m[i], "/", data$d[i],
, data$y[il)}
- data$time

<- sin(2*pi*t) ; c2 <- cos(2*pi*t)
<- sin(3*pi*t) c3 <- cos(3*pi*t)
<- sin(4*pi*t) c4 <- cos(4*pi*t)
<- sin(5*pi*t) c5 <- cos(5*pi*t)
<- sin(6*pi*t) c6 <- cos(6*pi*t)
<- sin(7*pi*t) c7 <- cos(7*pi*t)
<- sin(8*pi*t) c8 <- cos(8*pi*t)
<- sin(9%pi*t) c9 <- cos(9*pi*t)

<- data.frame(data, s2, s4, c2, c4, date, s5, c5, s6, cb6, s7, c7,
c3, s9, c9)
<- dat[,-89] ## the 89th data point seems to be bad

sol.max <- function(Im, tt) {

c <- coef(Im)

ang <- atan2(c[7],c[8])

if (ang<0) { ang <- ang + 2*pi}

w <- 0.5752152710

# print(ang/w)

t <- seq(min(tt), max(tt), by=0.025)

s2 <- c[7]*sin(w*t) ; c2 <- c[8]*cos(w*t)
# plot(t, s2 + c2) # ; points(tt, c[3]*sin(w*tt) + c[4]*cos(w*tt))
get <- max(s2 + c2)==(s2 + c2)

# print(get) ; print(sum(get))

s.max <- t[get]

if (s.max<0) { s.max <- s.max + 2*pi/w }
return(s.max)
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