
CNWRA 
CONTROLLED 
C O P Y . d 9 9  



I 

J 



Title: Future climate AM lvsis-lO.OOO Years To I,Mx).OOO Y c m  After Present 

Table 6-3. Pregent-Day Meteorological Stations Selected as Analogs for Climate States' 

Simpson 6NW. MT (247620) 

Simpson 6NW, MT (247620) 

Full Glacial, OIS 8. ?&Average upper bound 

Full Glacial, OIS 8. 10-Average lower bound 

Chewelah. WA (451395) 

Rosalia, WA (457180) 
SI. John, WA (457267) 
Spokane, 'JUS0 Airport, WA (457938) 

Rosalia. WH (457180) 
St. John, WA (457267) 
Spokane, WSO Airport. WA (457938) 

Beowawe, MV (260795) 
Delta, UT (422080) 

Interrnediate-Average upper bound' 

Intermediate-Average lower bound 

Monsoon-Average upper bound' 

Monsoon-Average lower bound3 

Nogales Old Nogales, AZ (025922) 
Hobbs, NM ((294026) 

Yucca Mountain regional stations 

243 

48'15' 117.43' 7.9 537 509 

47' 14' 117' 22' 732 IL3 455 
47'06' 117'35' 594 4.1 432 
47'38' 117'32' 719 8.9 409 

47'14' 117'22' 732 8.3 455 
47'06' 117'35' 594 9.1 432 
47'38' 117'32' 719 8.9 409 

40'36' 116'28' 1433 8.8 21 7 
39'20' 112'35' 1408 10.1 20 1 

31'20' 110'57' 1109 17.1 399 
32'42' 103'08' 1103 16.6 409 

750-2300 13.4 125 

750-2300 13.4 125 
'Output DTN: UNOM1SPA021SS.007 
Lhta Sources: Western US. Climate Hislo~ical Summaries. DTN: UN0112SPA021SS.004; USGS 2OGUb; Thompson etal. 1999. TaMe 4, p.24. 
M e :  MAT =mean annual temperature; MAP =mean annual predpltation; 01s = Oxyeen Isotope stage 

' Elevations are above mean sea level 

Using DTN: UN0112SPA021SS.004, MAT is calculated by averaging avsrage annual maximum and average mlnimum temperature (In OF) and then mvertinp lo OC; MAP Is 
akulaled by converting Inches to mm. 

'Thompson el al. 1999. 

MOD-01-001 RCV 00 30 
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Glacial Climate, 
Stage 811 0 
37 rnm/yr 
71 rnrn/yr' 
110 rnm/yr 

Glacial Climate, Glacial Climate, 
Stage 6/16 Stage 4 
28 rnrnlyr 17 rnm/yr 
71 mm/yra 28 rnm/yP 
1 10 rnmlyr 71 rnim/yr 

TDR- WIS-PA-000001 REV 00 ICN 0 1 
2000 
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program make-climato-files 
!program to read a climate record and create climatol and climato2 files 
!for TPA 
!written by G. Walter 

imp1 ici t none 

integer ,parameter : :  ndata = 2000 
integer : : ndata-in, ndata-out 
integer ,parameter : :  io1 = 10, io2 = 20 
integer : : .i, j ,k 
character(len=l30J : : infile 

real., dimenision (2000,3) : : in-data 
real, dimension(2000,3) : :  climato-out 
real : : interval, the-1, time-2 
real : :  time,map,mat 
real. : :  glacial_max_rriap,glacial_max_mat,map_start,mat_start 
write ( * ,  * )  ' ENTER NAME OF INPUT FILE' 
read(*,' (a1301 ')infile 
open(unit=i#21, file = infile) 
write(*,*) 'ENTER THE CLIMATE TRANSITION INTERVAL IN YEARS' 
read ( * ,  ) interval 
!read the inpur file into in-data 

ndata-in = 0 
g1ac:ial-max-map = 0. 
glacial-max-mst = le6 
do j.=l,ndata 
read(io1, *,end=100) (in-data(i, j), j=1,3) 
glacial-max-map = max(glacial-max-map,in-data(i,2) 
glacial-max-mat = min(glacial-max-mat,in-data(i,3) 
ndata-in = ndata-in + 1 
end do 

100 write(*,*J'READ ',ndata-in,' VALUES' 

!loop through the input data and adjust times 
ndata-out = 0 
map--start = in_data(l,2) 
mat._start = in_data(l,3) 
do i=l,ndata-in - 1 
timi?-l = in-data(i,l) 
time-2 = in-data(i+l,l) 
nda':a-out = ndata-out + 1 
cliinato-out(ndata-out,l) = time-1 
climato-out (ndata_out,2) = in-data(i, 2) 
climato_out(ndata_out,3) = in_data(i,3) 
if((time-2 - time-1) > interval) then 
!the duration of this climate state is greater than interval 
!add a new data entry 

ndata.-out = ndata-out + 1 
climato-out(ndata-out,l) = time-2 - interval 
climato_out(ndata_out,2) = in-data(i.2) 
climato_out(ndata_out,3) = in_data(i,3) 

climato-out(ndata-out,l) = time-1 
climato_out(ndata_out,2) = in_data(i,2) 
climazo_out(ndata_out,3) = in_data(i,3) 

else 

endi f 
enddo 
open(io2,file='climato2.dat') 
do i = 1,ndata-out 
clirnato_out(i,2) = (climato-out(i,2) - map-start) & 

climato_out(i,3) = (climato_out(i,3) - mat-start) & 
/ (glacial-max-map - map-start) 

/(glacial-max-mat - mat-start) 

write(io2,' (18.0,lx,f10.4,1x,f7.4) ' )  (clirnato_out(i,j),j=1,3) 
enddo 

end progran 
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Figure 1 : Upper Range Factors 

1 

0.8 

0.6 

0.4 

n 2 -0.2 

-0.4 

-0.6 

-0.8 

1.2! 

1 

0.8 

0.6 g 
0.4 a 

a 
0.2 E 

0 

-0.2 

0 

l- 

c -0.4 
0 100 200 300 400 500 600 700 800 900 1000 

Thousands F-1 
1 MAT Factor I Thousand Years 

600 

500 

n a 
5 200 

100 

0 

Figure 2: Upper Range MAP and MAT 
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program orbitalqarameters 
real*8 start-time, delta-time, end-time, time 
real*8 eccen,obliq,omegvp,precession-index 
character*80 out-file 
write(',*)'PROGRAM ORBITAL PARAMETERS' 
write(*,') 'enter starting year(positive for AD), increment in years 

read(*,*)start-time,delta-time,end-time 
write(*,*)'enter output file name ' 
read(*,'(a80) 'lout-file 
open(unit=lO, f ile=out.-f ile) 
time = start-time 
do i=1.10000 
if(time.le.end-time)then 
call orbpar(time.eccen,obliq,omegvp) 
precession-index = ecc:en*sin(ornegvp) 
Write(l0.' (fE.O,lx,f6.4,lx,f6.4) ')time,eccen,precession-index 
time = time + delta-t:tme 
else 
go to 100 
endif 
end do 

stop 
end 

$ and end time 

100 write(',*) ' : > 3  OF PROGRAM' 

SUBROUTINE ORBPAR (YEAR. ECCEN.OBLIQ.OMEGVP) 
C*"*  
C**** ORBPAR calculates the three orbital parameters as a function of 
C ' * * *  YEAR. The !;ource of these calculations is: Andre L. Besger, 
C** '*  1978, "Long--Term Variations of Daily Insolation and Quaternary 
C**** Climatic Changes", JAS, v.35, p.2362. Also useful is: Andre L. 
C * * * *  Berger, May 1978, "A Simple Algorithm to Compute Long Term 
C * * * *  Variations of Daily Insolation", published by Institut 
C"** D'Astronomie de Geophysique, Universite Catholique de Louvain. 
C * * * *  Louvain-la Neuve, No. 18. 
C'*'** 
C * + * *  Tables and equatunitions refer to the first reference ( J A S ) .  The 
c*** *  corresponding table or equation in the second reference is 
c**** enclosed in parentheses. The coefficients used in this 
C**" subroutine are slightly more precise than those used in either 
C * ' * *  of t:he references. The generated orbital parameters are precise 
C**** within plus or minus 1000000 years from present. 
C * * "  
c**** Input: YEAR = years A . D .  are positive, B.C. are negative 
C * * * '  Output: ECCEN = eccentricity of orbital ellipse 
C*'*+ OBLIQ = latitude of Tropic of Cancer in radians 
C""* OMEGVP = longitude of perihelion = 
C"'** = spatial angle from vernal equinox to perihelion 
C* ' * *  in radians with sun as angle vertex 
C**" 

IMPLICIT REAL'8 (A-H,O-Zl 
PARAMETER (TWOPI=6.283185307179586477dO, PIz180="WOP1/360.dO) 
REAL'8 TABLE1(3,47),TABLE4(3,19),TABLE5(3,78) 

C' * * *  Table 1 (2). Obliquity relative to mean ecliptic of date: OBLIQD 

c 

i 

I 
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DATA TABLE1/-2462,2214466dOi 31.60997440, 251.902540, 
2 -857,323207540, 32.62050440. 280.832540, 
3 -629.323183540. 24.17220340, 128.305740. 
4 -414.280492440, 31.98378740, 292.725240, 
5 -311.763258740, 44.82833640, 15.374740, 

7 -162.5533601dO. 43.66824640, 308.425840. 
8 -1lC.107791140, 32.24669140. 240.009940. 
9 101.118992340, 30.59944440. 222.972540, 
0 -67.685620940, 42.68132440, 268.780940. 
1 24.907906740. 43.83646240, 316.799840, 
2 22.5811241dO. 47.43943640. 319.602440. 
3 -21.164835540, 63,21994840, 143.805040, 
4 -15.654987640. 64.23047840. 172.735140, 
5 15.393681340, 1.01053040. 28.930040, 
6 14.666093840, 7.43777140, 123.596840, 
7 -11,727302940, 55.76217740, 20.208240. 
8 10.274269640, .37381340, 40.822640, 
9 6.491458840. 13.21836240, 123.472240, 
0 5.853914840, 62.58323140, 155.697740. 
1 -5.4872205dO. 63.59376140, 184.627740, 
2 -5.429019140, 76,43831040, 267.277240, 
3 5.160957040, 45.81525840, 55.019640. 
4 5,078631440, 8.44830140. 152.526840, 
5 -4.073578240. 56.79270740, 49.138240, 
6 3.722716740, 49.74784240. 204.660940, 
7 3.397193240. 12.05827240, 56,523340, 
8 -2.834700440. 75.27822040. 200.328440, 
9 -2,655072140, 65.24100840, 201.665140, 
0 -2.571786740, 64,60429140, 213.557740. 
1 -2.471218840, 1.64724740, 17.037440, 
2 2.462541040, 7.81158440, 164.419440, 
3 2.246411240, 12,20783240, 94.542240. 
4 -2.075551140, 63.85666540, 131.912440, 
5 -1.971366940, 56.15599040. 61.030940, 
6 -1,881306140, 77,44884040, 296.207340, 
7 -1.846878540, 6.80105440, 135.489440, 
8 1.818674240, 62.20941840. 114.875040, 
9 1.760188840. 20.65613340, 247.069140. 
0 -1.542885140. 48.34440640. 256.611440, 
1 1.473883840, 55.14546040. 32.100840, 
2 -1.459366940, 69.00053940, 143.680440, 
3 1.419225940. 11.07135040. 16.878440, 
4 -1.181898040. 74.29129840. 160.683540. 
5 1,175647440, 11.04774240. 27.593240, 
6 -1.131612640. 0.63671740, 348.107440, 
7 1.089692840, 12.84454940. 82.649640/ 

6 3oe.9408604d0, 30.97325740. 263.795140, 

c**** Table 4 (1). Fundamental elements of the eCllptlc: ECCEN sin(pi) 
DATA TABLE4/ ,0186079840. 4.20720540, 28.62008940, 
2 ,0162752240, 7.34609140, 193.78877240, 
3 -.0130066040, 17.85726340. 308.30702440, 
4 ,0098882940. 17.22054640, 320.19963740, 
5 -.0033670040, 16.84673340. 279.37696440, 
6 .0033307740, 5.19907940, 87.19500040. 
7 -.0023540040. 18.23107640, 349.12967740, 
8 .0014001540, 26.21675840. 128.44338740, 
9 .00100700d0, 6.359169d0, 154.143880d0, 
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C * + * ’  Table 5 (3) 
DATA TABLE5 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 

.0008570040, 16.21001640, 291.26959740, 

.0006499040, 3.06518140, 114.86058340, 

.00059900dO, 16.58382940, 332.09225140, 

.00037800dO, 18.49398040. 296.41441140, 
-.0003370040, 6.19095340, 145.76991040, 
.0002760040, 18.86779340. 337.23706340, 
.00018200dO, 17.42556740, 152.09228840. 

-.00017400dO, 6.18600140, 126.83989140, 
-.00012400dO, 18.417441dO. 210.66719940. 
.0000125040, 0.66786380, 72.10883840/ 

. General precession in longitude: psi 
/ 7391,022589040, 31.60997440, 251.902540. 
2555.152694740. 32.62050440, 280.832540, 
2022.7629188d0, 24.17220340, 128.305740, 
-1973.651795140, 0.63671740, 348.107440, 
1240.232181840, 31.98378740, 292.725240, 
953.867911240. 3.13888640, 165.168640, 
-931.753710840, 30.97325740, 263.795140. 
872.379538340. 44.82833640, 15.374740, 
606.354473280, 0.99187440. 58.574940. 
-496.027403880. 0.37381340. 40.822640. 
456.960803940, 43.66824640, 308.425840, 
346.946232040, 32.24669140, 240,009940, 
-305.841290280. 30.59944440, 222.972540, 
249.617324640, 2.14701240, 106.593740, 
-199.102720040. 10.51117240. 114.518240. 
191.056088940, 42.68132440, 268,780940, 
-175.293657280. 13.65005840, 279.686940. 
165.906883340. 0.98692240, 39.644840, 
161.128591740. 9.87445540. 126.410840, 
139,787809340, 13.01334140, 291,579540, 
-133.522839940, 0.26290440, 307.284840. 
117.067381140, 0.00495240. 18.930040. 
104.690728140. 1.14202440. 273.759640, 
95.322747640, 63.21994840, 143,805040, 
86.782452440, 0.20502140. 191.892740. 
86.085772940, 2.15196440, 125.523740. 
70.589369840. 64.23047840, 172.735140, 
-69.971934340, 43.83646240, 316.799840. 
-62,581747340, 47.43943640, 319.602440, 
61.545005940, 1.38434340. 69.752640, 
-57.936401140, 7.43777140, 123.596840, 
57.189983240, 18.82929940. 217.643240, 
-57.023610940, 9.50064240. 85.588240, 
-54.211925340, 0.43169680, 156.214740, 
53.283414740, 1.16009040. 66.948940, 
52.122357540, 55.78217740, 20.208240. 
-49.005990840. 12.639528dO. 250.756840. 
-48.311875740. 1.15513840. 48.018840, 
-45.419168540, 0.16821640, 8.373940. 
-42.235792040, 1.64724740, 17.037440, 
-34.797109940, 10.88498540, 155.340940, 

-33.835664340, 12.65818440. 221.112040. 

-31.252158640, 1.98374880, 117,149840, 
-30.879870140, 14.02387140. 320.509540, 

34.462361340, 5.61093740, 94.170940. 

33.668936240, 1.01053040. 28.930040. 
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262.360240. 
336.214840, 
233.004640, 
155,697740, 
184.627740, 
267.277240, 
78,928140, 
123.472240, 
188.713240, 
180.136440, 
49.138240, 
152.526840, 
98.219840, 
97.480840. 
221.537640. 
168.243840, 
161.119940, 
55.019640. 
262.649540, 

28.464076940. 0.56017880, 
-27.196080240, 1.27343440. 
27.086073640. 12.02146740. 
-26.343745640. 62.58323140, 
24.725374040. 63.59376140, 
24,673212640, 76.43831040, 
24.427273340. 4.28091040, 
24.012732740, 13.21836240, 
21.715029440. 17.81876940, 
-21.537534740. 8.35949540. 
18.114836340, 56.79270740. 
-16.960310440, 8.44830140, 
-16.176521540, 1.97879640. 
15.556765340, 8.86392540. 
15.484652940. 0.18636540, 
15,215063240, 8.99621240. 
14.504742640. 6.77102740. 
-14.387331640. 45.81525840. 
13.135141940, 12.00281140. 

6 12.877631140. 75.27822040. 200.328440, 
11.986723440, 65.24100840, 201.665140. 

8 11.938557840. 18.87066740. 294.654740, 
9 11.703082240, 22.00955340, 99.823340. 
0 11.601818140, 64.60429180. 213.557740, 
I. -11.261729340, 11.49809440, 154.163140, 
2! -10,466419940, 0.57883480, 232.715340. 
3 10.433397040, 9.23773840. 138.303440, 
4 -10.2377466d0, 49.74784240. 204.660940, 
5 10,193444640, 2.14701240, 106.593840, 
6 -10.128019140, 1.19689540. 250.467640. 
7 10.028944140, 2.13389840, 332.334540. 
8 -10.003425940. 0.17316840. 27.303940/ 

C"'* 

C"** 
C * * * *  Obliquity Erom Table 1 (2): 
c**** OBLIQ# = 23.320556 (degrees) Equation 5.5 (15) 
C**** OBLIQD = OBLIQ# + s m [ A  cos(ft+delta)l Equation 1 (5) 
C"** 

YM1950 = YEAR-1950. 

SUMC = 0 .  
DO 110 I=1.47 
ARG 

110 SUMC = SlJMC + TABLEl(l.I)'COS(ARG) 
OBLIQD = 23.32055640 + SUMC/3600. 
OBLIQ = OHLIQD'PIzl80 

= PI z 180* ( YM195 0 *TABLE1 ( 2 ,  I ) / 3 6 0 0  . +TABLE1 ( 3, I ) ) 

C*'** 
C**** Eccentricity from Table 4 (1) : 
c**** ECCEN sin(pi) = sm[M sin(gt+beta)I Equation 4 (1) 
c**** ECCEN cos(pi) = sm[M cos(gt+beta)l Equation 4 (1) 
c***+ EcCEN = ECCEN sqrt[sin(pi)^Z + cos(pi)*Z] 
C**C' 

ESINPI = 0 .  
ECOSPI = 0. 
ID0 210 I=1,19 
ARG = PIz180*(YM1950*TABLE4(2,I)/3600.+TABLE4(3,1)) 
IESINPI = ECiINPI + TABLE4 (1, I) *SIN(ARG) 

210 IECOSPI = ECOSPI + TABLE4(1,I)'COS(ARG) 

, 



ECCEN = SQRT(ESINPI*ESINPI+ECOSPI*ECOSPI) 
C"*' 
C***' Perihe:Lion from Equation 4,6,7 ( 9 )  and Table 4,5 (1,31: 
C**** PSI# = 50.439273 (seconds of degree) Equation 7.5 (16) 
C**'* ZETA = 3.392506 (degrees) Equation 7.5 (17) 
C**" PSI :: PSI# t + ZETA + sm[F sin(ft+delta)l Equation 7 (9) 
C**** PIE =: atan[ECCEN sin(pi) / ECCEN cos(pi)l 
C*'** OMEGVP = PIE + PSI + 3.14159 Equation 6 (4.5) C"** 

PIE = ATAN2(ESINPI,ECOSPI) 
FSINFD = 0. 
DO 310 I=1,78 
ARG = PIz180*(YM1950*TABLE5(2,11/3600.+TABLE5(3,1)) 

PSI = PIzl8O'~3.392506d0+~~1950*50.439273dO+FSINFD~/3600.) 

OMEGVP = MOD(PIE+PSI+.5*TWOPI, TWOPI) 

RETURN 
END 

310 FSINFD = FSINFD + TABLE5(1,I)'SIN(ARGl 

cgrw 0ME:GVP = MODULO (PIE+PSI+.5*TWOPI, TWOPI) 

c**.* 
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f90 -c -g  -e perm-declare-mod.f90 
f90 -c -g  -e paillard-l-main.f90 
f90 -c -g -e paillard-algorithml.f90 
f90 -c -g -e paillard-input.f90 
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subroutine paillard_algorithm(climate-s~~) 

I File Name: paillard-algorithrn.fW 
I Project: 20.06002.01.252 
I Purpose: 
I Language: fortran90 
I Operating System: Solaris 
! Date: 1/11/2006 
I Written by: G. Walter 
I History: 
~..*....***t.t.......t..*.~*..**...*.*..*...........*.*.*..*****.*..*.*. 

use sim-controls 
implicit none 

integer :: climate-state I1 = interglacial, 0 = mild glacial, -1 =full glacial 

(..*.............tt.....~............~ 

implements Paillard discrete model 

original code, 111 1/2006 

!insolation-0 - insolation value to triggering interglacial-mild glacial transition 
!insolation-1 - insolation value triggering full glacial-interglacial transition 
linsolation-2 - insolation value that allows mild glacial-full glacial transition 
linsolation-3 - insolation value preventing mild glacial-full glacial transition 
!time3 

If(climate-state .eq. -1) then !if state is full glacial 

- minimum duration of mild glacial 

if(inso1ation-array(i-lime)%insolation =. insolation-1 ) then 
!switch to interglacial 

climate-state = 1 
return 

return !stay in full glacial 
else 

endif 
endif 
if(climate-state .eq. 1) then !if state is interglacial 

if(inso!ation-array(ifime)%insolation c insolation-0) then 
!switch to mild glacial 

climate-state = 0 
delta-tg = 0 
return 

end if 
return 

endif 
I to get to this point, must have started in mild glacial climate 

delta-tg = delta-tg + delta-t !increment time in mild climate 
!check elapased time in mild glacial climate 
if(deltafg c timeg) return 

!it is now possible to transition to full glacial depending of 
!insolation 

'!check to see if insolation is increasing 
'!if insolation is increasing, need to wait for maximum 
!to determine the next transition 
Y(insolatii-array(itime+l )%insolation 6 



> insolation-array(itirne)%insolation) then !insolation is increasing 

else 

!insolation is decreasing 
!capture the peak 
insolation-max = max(insolation_max,insolation_array(i_time~~insolation) 

lif the current value of insolation was > insolation-3, 
!stay in mild climate 
if(inso1ation-max >= insolation-3) retum 

insolation-max = -1 000 

!the last insolation maximum was less than insolation-3 
g-Gflag =1 !set flag that allows switch to full glacial 

if(insolation~array(i~time)%insolation~=insolation~2) return !stay in mtkl 

Ireset flag 
g-Gflag =O 

!switch to full glacial 

climate-state = -1 
endif 

retum 

end subroutine paillard-algorithm 
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Comparison of Insolation Listed by NOAA with Insolation computed by Roper code 
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proqram pal 1 lard-2 
IThis program simulates continuous climate states based on an 
lalgorithm presented in Paillard, D. 1998. The timing of Pleistocene 
Igl~iciations from a simple multiple-state climate model. Nature 391, pp 378 381 
! * i * * * t + * t * * * * * t * * t * * * ~ * * * * * * * * * t * f * * t * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * * * * * +  

! File N a m e :  paillard-model2.f90 
! Project: 20.0600;!.  01.252 
! Purpose: main input file 
! Language: fort ran9 0 
! Operating Syster: Solarir; 
! Date: 1 / 24 / 2 006 
! Written by: G. Walter 
! History: original code, 1/24/2006 
! Modified: 3/30/2006 to limit ice volume to 0 to 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

iise sim-conxols ! (perm-declare-mod.f90) 
iise file-names! (perm-declare-mod. f90) 
use io-units ! (perm-declare-mod. f90) 
use input-functions ! (pailliard-input .f90) 
use algorithms 
integer : :  climate 
real : :  delta-V !change in ice volume 

!read input parameters controlling climate thresholds 
!reed time period of simulation 
!read insolation data file 

call input0 

!rur. the model 
g-Gflag = 0 
delta-tg = 0 .  

climate = -1 
allocate(c1imate-array(record-counter)) 
climate-array%ice-volume = 1. 

!initialize climate to F u l l  Glacial 

!add time stepper 
do i-time = 1,record-counter 
if(insolation-array(i_time)%tlme)%time >= start-time)then 

if(insolation-array(i-time)%time > end-time) go to 100 
if(i-time z 1)then 
delta-t = insolation-array(i-time)%time - insolation-array(i-time-l 
else 
delta-t = insolation-array(i-time+l)%time - insolation-array(i-time 
endi f 
climate-array(i-time)%time = insolation-array(i-time)%time 
call paillard-algorithm(climate,delta-V) !paillard-algorithm.f90 
‘update ice volume 

I climate-arra.y(i-time)%ice-volume = V-G 

%time 

%time 

cl;mate-array(i-time+l) %ice-volume = climate-array(i-time) %ice-volume & 
+ delta-V 

!the.following constraint to keep the ice volume between zero and 1 is not 
!part of the standard Paillard model 

clirn,ste-array(i-time+l.)%ice-volume = max(climate-array(i-time+l)%ice-.volume,O.) ‘ 
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climate-array(i-time+l)%ice-volume = min(climate-array(i-time+i)%ice-voiume,i.) 
if(c1imate < 1 )  then 
!if ice volume > glacial reference volume and not in interglacial state 
! switch to full glacial climate 

endi f 
climate-arrayli-time)%climate = climate 

write ( , * ) climate-array ( i-time) %time, & 
insolation_arra~~i_time)%insolation,climate_array(i~time)%ciimate, & 
climate-array(i-time)%ice-volume 

insolation_array~i_time)$insolation,climate~array(i~time)%climate, & 
climate-array(i-time)%ice-volume 

if(cli:nate-array(i-time)%ice_volume > V-G) climate = -1 

write(io-insol.-record_out, '  (f8.0,lx,f8.4,lx,i3,lx,f8.4) ')climate-array(i-time)%time, & 

end if 
end do 

100 write(*,*) ' E N )  OF SIMULATION' 

end program paillard-2 

1 



module algorithms 
con 1: ai n s 
subroutine paillard-al~gorithm(climate-state,de1ta-V) 

! File Name: paillard-algorithm.f90 
! Project: 20.06002.01.252 
! Purpose: implements Paillard continuous model 
! Language : fort ran9 0 
! Operating System: Solaris 
! Date: 1/11/2006 
! Written by: G. Walter 
! History: Driginal code, 1/11/2006 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

use s iIi.-con t ro I. s 

implicit none 

integer : :  clinate-state ! 1  = interglacial, 0 = mild glacial, -1 = full glacial 
integer : :  c-index 
real : : delta-\!, ice-func 

I * * ' k * t t * * * * * * t n + * t i t * * * * t * * t * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

!insolation-0 -- insolation value to triggering interglacial-mild glacial transition 
!insolation-1 -- insolation value triggering full glacial-interglacial transition 
!insolation-2 -- insolation value that allows mild glacial-full glacial transition 
!insolation-3 .- insolation value preventing mild glacial-full glacial transition 
! t ime-g - minimum duration of mild glacial 
!ice volume parameters 
!ice volume parameters 
!V-ft ir-terglacial reference ice volume 
!V-mg mild glacial reference ice volum 
!V-(2 fLll glacial reference ice volume 
real, dimension (3 ) : : V-ref 
real : :  F !local variable to hold insolation value 

! tau (3) interglacial time constant 
! tau(2) mild glacial time constant 
!tau(l) full glacial time constant 
! real : :  tau-F !forcing time constant 

V-ref(1) = V-G ; V-ref(2) = V-mg ; V-ref(3) = V-i 

if(c1imate-state .eq. -1) then !if state is full glacial 
F = insolation_.array(i-time)%insolation 

if(inso1ation-array(i-time)%insolation > insolation-1) then 
!switch to interglacial 

climate-state = 1 
c-index = climate-state + 2 
delta-V = ice_func(delta_t,tau(c_index),V-ref(c-index),F,tau_F, & 

climate-array(i-time)%ice-volume) 

57 
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return 

c-.index = climate-state + 2 
delta-V = ice_func(delta_t,tau(c_index),V_ref(c_index),F,tau_F, & 

return !stay in full glacial 

else 

cl:.mate-array(i-time)%ice-volume) 

endi f 
zndi f 
if(c1imate-state .eq. 1) then !if state is interglacial 

if(inso1ation-array(i-time)%insolation < insolation-0) then 
!switch to mild glacial 

c1:tmate-state = 0 
de:lta-tg = 0 
c-index = climate-state + 2 
de:.ta-V = ice-func(delta-t,tau(c_index),V_ref(c-index),F,tau_F, & 

return 
end if 
! s t a y  in interglacial 
c_.tndex = climate-.state + 2 
delta-V = ice_func(delta_t,tau(c-index),V_ref(c_index),F,tau_F, & 

return 

cli.mate-array(i-timel%ice-volume) 

climate-array(i-time)%ice_volume) 

Zndi f 
! to get to this point, mist have started in mild glacial climate 

delta-tg = delta-tg + delta-t !increment time in mild climate 
!check elapased time in mild glacial climate 
if idelta-t,g < time-g) then 
!st.ay in mild glacial 
c-index = ~limate-.state + 2 
delta-V = ice_func(delta-t,tau(c_index),V_ref(c_index),F,tau_F, & 

ret urn 
endi f 
!it is now possible to transition to full glacial depending of 
!insolation 

!check to see if insolation is increasing 
‘if insolarion is increasing, need to wait for maximum 
!to determine the next transition 
if(insolation-array(i-time+l.)%insolation & 

climate-array(i-time)%ice-volume) 

> insolation-array(i-time)%insolation) then !insolation is increasing 
insolation-max = -1000 

else 

! insolation is decreasing 
!capture the peak 
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:tnsolation-max = max(insolation_max,insolation_array(i_time)%insolation) 

!if the current value of insolation was > insolation-3, 
!stay in mild climate 
if(inso1ation-max >= insolation-3) return 

!the last insolation maximum was less than insolation-3 
SJ-Gflag =1 !set flag that allows switch to full glacial 

jf(insolation_array(i_time)%insolation>=insolation-2) return !stay in mild 

!reset flay 
ZJ-Gflag =o 

‘switch to full glacial 

climate-state = -1 

endl f 
c-index = climate-state + 2 
delta-V = ice_func(delta_t,tau(c_~ndex),V_ref(c-index),F,tau_F. & 
climate_array(i_time)%~ce_volume) 

return 
end sutiroutine paillard-algorithm 

end module algorithms 



STANDARD PAILLARD PARAMETERS 
!line 1: start t:Lme, end time values in insolation record 
-800 1000 
!line 2: insolat~.on value to triggering interglacial-mild glacial transition 
-0.75 
!line 3: insolation value triggering full glacial-interglacial transition 
0 
!line 4: insolation value that allows mild glacial-full glacial transition 
0 
!line 5: insolation value preventing mild glacial-full glacial transition 
1 
!line 6: minimum duration of mild glacial 
50 
!line 7: time constant for interglacial tau(1) 
10. 
!line 8: time constant for mild glacial tau(2) 
5 0 .  
!line 9: time constant for full glacial tau(3) 
5 0 .  
!line 10: time constant for insolation forcing tau_F(B) 
25. 
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SPECMAP Archive # 1: README file 

NGDC Data Set # 0997 

obtained from: 

U.S. Department of Commerce 
National Environmental Satellite, Data, and Information Service 

National Oceanic and Atmospheric Administration 
U.S.. National Geophysical Data Center (NGDC) 
(ht:tp://www.ngdc.noaa.gov/rngg/mggd.html) 

& collocated 

World Data Center for Marine Geology & Geophysics 

Data a l s o  available from WDC Paleoclimatology 

NOTE: PLEASE CITE ORIGINAL REFERENCE WHEN USING THESE DATA 

CONTRIBUTORS: J. Imbrie, A. Duffy, et a1 , Brown University 
NAME OF DATA SET: SPECMAP Archive #I 
LAST UPDATE: 2/90 (Original receipt date by --A MGG) 
GEOGRAPHIC REGION: Global 

DATA VOLUME: approximately 1.45 mbytes 
MGG IDENTIFIER : MGG4 4 9 95001 

PERIOD OF RECORD: 0-400,000 YBP 



D:\Climate-lnfil-lSI\Future Clirnatektochastic climate\Report\comparison of paillard model2 and SPECMAP.xls 
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O\Climate_lnRI_ISI\Future Climatebtochastic dimate\Report\PandTfnctbns.xls 
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D:\Climate-lnfil-lSI\Future Climatebtochasti climate\RepodPandTfuncths.xls 
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D:',Climate_lnfil_lSI\Fuhrre Clirnatektochastic climate\RepofiPandTfunctions.xls 
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