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Table 6-3. Present-Day -Nieteorological Stations Selected as Analogs for Climate States*

Climate State Analog Meteorological Stations Latitude | Longituds | Elevation/m' | MAT*C | MAP mmiyr

Full Glacial, OIS 6/16—Average upper bound® Lake Yellowstone, WY (485345) 44° 33 110° 2¢4' 2368 0.0 513

Full Glacial OIS 6/15--Average lower bound? Browning, MT (241202) 48° 34' 113* 01’ 1329 4.4 380

Simpson 6NW, MT (247620) 48° 59' 110° 19' 835 5.0 260

Full Glacial, OIS 2, 4--Average upper bound? Browning, MT (241202) 48° 34 113° 01 1329 4.4 380

Simpson 6NW, MT (247620) 48" 59' 110° 19 B35 5.0 260

Full Glacial, OIS 2, 4--Average lower bound? Elko, WB Airport, NV (262573) 40° 50 115° 4T 1539 7.7 243

Full Glacial, OIS 8, 10--Average upper bound? Chewelah, WA (451395) 48° 18’ 117° 43 509 7.9 537

Full Glacial, OIS 8, 10—Average lower bound® Rosalia, WA (457180) 47° 14' 117° 22 732 8.3 455

St. John, WA (457267) 47° 06' 117° 3%’ 594 9.1 432

Spokane, WSO Alrport, WA (457938) 47° 38' 117 32 719 8.9 409

(Intermediate—Avarage upper bound® Rosalia, WA (457180) 47° 14 722 732 8.3 455
St. John, WA (457267) 47° 06 117° 38" 594 9.1 432

Spokane, WSO Airpart, WA (457938) 47° 38' 117¢ 32 719 8.9 409

Intermediate—Average lower bound® Beowawe, NV (260795) 40° 36 116° 29’ 1433 8.8 1217

Delta, UT (422080) 39° 20 112 3% 1408 10.1 201

Monscon—Average upper bound® Naogales Old Nogales, AZ (025922) 3120 110° 5T 1189 171 399

Hobbs, NM (294026) 32° 42 103" 08’ 1103 16.6 409

Monsoon—Average lower bound® Yucca Mountain regional stations 750-2300 134 125

‘Modem or interglacial climate® Yucca Mountain regional stations 750-2300 134 125

*Qutput DTN: UNO201SPA021SS.007

Data Sources: Westem U.S. Climate Historical Summaries. DTN: UNO112SPA021SS.004; USGS 2000b; Thompson et al. 1999, Table 4, p.24,

Note: MAT = mean annual temperature; MAP = mean annual precipitation; OIS = Oxygen Isotope stage

! Elevations are above mean sea level

* Using DTN: UNO1125PA02155.004, MAT is calculated by averaging average annual maximum and average minimum temperature (in °F) and then converting to °C; MAP is

calculated by converting inches to mm.

? Thompson et al, 1999,

MOD-01-001 Rev 00
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Table 3.2-6. Average Net Infiltrations for the Glacial Infiltration Cases

Glacial Climate, Glacial Climate, Glacial Climate,
Infiltration Case Stage 8/10 Stage 6/16 Stage 4
Low infiltration 37 mmlyr 28 mm/yr 17 mmiyr
Medium infiltration 71 mm/yr® 71 mmiyr® 28 mmiyr®
| High infiltration 110 mm/yr 110 mm/yr 71 mm/yr

Source: CRWMS M&O 2000 [153002], file OIS16-results2.doc
NOTES: 254 mm=1in.

Averclge of high and low cases for glacial climate, stage 6/16 6‘7‘\/ ?/ / -~
®Low case for glacial climate, stage 6/16 /
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State Code MAT (degC) |MAP (mm/{MAI (mm/yr)
Glacial(6/16,upper) g16_6u 0.0 513 110
Gilacial(6/16,lower) g16_6l 4.7 320 28|mean
Gilacial(2/4,upper) gd4_u 4.7 320 71imean
Glacial(2/4,lower) gd_| 7.7 243 17
Glacial(8/10,upper) g8_10u 7.9 537 110
Glacial(8/10,lower) g8_10l 8.8 432 37 /mean
inter(upper) imu 8.8 432 37 mean
Inter(lower) iml 9.5 209 2.2\mean
Monsoon(upper) mu 16.9 404 20|mean
Monsoon(lower) mi 13.4[240 185 ”’V L 4 7 mean |
interglacial(modern) ig 13.4] 290 28] 7170y 4.7|mean
“mean" indicates that average of analog site data used

Q’m ‘ 7@ )[ueff o,/w;;( Rown Do, x (s 7

ﬂt agy ~r<—-/b(») /(m/ MAF 4?5/4/ /Qv 1 0 L
&b\./ (:/v _f/éﬁ//(r/ ) Mo s ogv  west fr./ /cc—/

/—(’l 200 /g r / é( rnat c/»-..r:' L.//’
W(/L{’/ V“»(Mf wic/( /7 /0 7r‘. 5w« C,/(s




6%%&(@ %Fﬂ;/

Tp c,«;yze a /,7‘7[««( c/(w-‘é /Z—/f /cmfa/é
MMZ‘)‘,Z--][/ (/1-/’(/ Mu.ai () Vol Kw /C"
/0 e ;m'«(ilén‘> o 7’4( ff//%—ﬁ/, [/"’l/%/
a® 5/4/(47 For s AN (//wllé ;K(; (LS
o TG 656 b o Sbe cloke fodses
!/;/) )(-’ 7/rcno/$[4,<f ('A)q[m r/[c«..-/é( /’/mwc‘,x/c “
/:()fae_ac,c. a(w;«]{c ;A][f ) MA? o MAL
W At a(;cja_.v)/ f«u/m 7'/(4 M.v.ﬁ; 5‘1-7[(
(*tpa//S #M ﬂ( A/ u/éw (/“—‘A/S,
Lo bt Ww/éa'c M/@/ rc}éi, Vo fw/
it //v/c;é;/,fG Htrns wes wcek.
/4’4 ,Qka_w/e /t)/‘w% u%/‘f- I‘tf«/A} 7‘::[/( 5
(5 shown on P 5 ek, fo MALD
r*L/leu;o [le T5PH-sK.

{/;) mv—'—-f% 7"(4 0[@«*2{0 L's IZI\/) i /g/(/
5“/17.«]71«—% 14 a Arm fax'lé((f ,Q« T/4J

P o5 1 clombordet Ble) 1o spreads bt~
hes [ ﬂt-f‘fuexl('“vr[‘/ o a 7‘4le

nl)(./‘f CMT(tuu’y

CO( [ «La(l_ c.o/ 3

stk fou  mAZ AT ‘

T(«.Js ﬁ(./{ (5 fL«//oocs&j e [ /
a ﬁa«{yu. /rar’w (m‘/(c_///(..{.‘%o ,/74 /



@'«/ }//f/{{

Upper Estimate Lower Estimate

Year State MAP MAT MAI Year State MAP MAT MA
0lig 200 13.4 4.7 0lig 200 13.4 4.7
500|imu 432 8.8 37 500{imu 209 9.5 2.2
18500 mu 404 16.9 20 18500{mu 200 13.4 47
20000!{imu 432 8.8 37 20000|imu 209 9.5 2.2
38000/g8_10u 537 79 110 38000|g8_10u 432 8.8 37
49000]imu 432 8.8 37 49000 |imu 209 9.5 2.2
65000ig 200 13.4 4.7 65000/ ig 200 13.4 4.7
77000|mu 404 16.9 20 77000|/mu 200 13.4 4.7
78500|imu 432 8.8 37 78500|imu 209 9.5 22
91500|mu 404 16.9 20 91500/mu 200 134 4.7
93000|imu 432 8.8 37 93000|imu 209 9.5 2.2
106000/g8_10u 537 7.9 110 106000/g8_10u 432 8.8 37
120000 |imu 432] 8.8 37, 120000|imu 209 9.5 2.2
137000|ig 200! 134 4.7 137000|ig 200 13.4 4.7
148000/mu 404 16.9 20| 148000/ mu 200 13.4 4.7
149500|imu 432 8.8 37|  149500}imu 209 9.5 2.2
174000 mu 404 16.9 20/  174000|mu 200 13.4 4.7
175500]imu 432 8.8 37 175500!imu 209 9.5 2.2
200000|g16_6u 513 0.0 110;  200000/g16_6u 320 4.7 28
213000{imu 432 8.8 37| 213000|imu 209 9.5 2.2
229000|ig 200 13.4 4.7 229000|ig 200 13.4 4.7
241000/mu 404 16.9 20|  241000|mu 200 13.4 4.7
242500|imu 432 8.8! 37|  242500|imu 209 9.5 2.2
- 266000|mu 404 16.9| 20;  266000|/mu 200 13.4 4.7
267500/imu 432 8.8 37| 267500|imu 209 9.5 2.2
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program make_climato_files
iprogram to read a climate record and create climatol and climato2 files
tfor TPA
'written by G. Walter

implicit none

integer ,parameter :: ndata = 2000
b integer :: ndata_in, ndata_out
integer ,parameter :: iol = 10, io02 = 20
integer :: i,3.k
character(len=130} :: infile
real, dimension(2000,3) :: in_data
real, dimension(2000,3) :: climato_out
real :: interval, time_l,time_2
real :: time,map,mat
real :: glacial_max_map,glacial_max_mat,map_start,mat_start

write(*,*)'ENTER NAME OF INPUT FILE'
read(*, ' ({al30)')infile

open(unit=iol, file = infile)

write(*,*) 'ENTER THE CLIMATE TRANSITION INTERVAL IN YEARS'
read(*,*)interval

tread the inpur file into in_data

ndata_in = 0
glacial _max_map
glacial_max_mat
do i=1,ndata
read(iol, *,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(*,*)'READ ',ndata_in,' VALUES'

0.
le6

[t}

3

tloop through the input data and adjust times
ndata_out 0
map_start in_data(l,2)
mat_start in_data({l,3)
do i=1,ndata_in - 1
time_1l = in_data(i, 1)
time_2 = in_data({i+1,1)
ndata_out = ndata_out + 1
climato_out{ndata_out,l) = time_1
climato_out (ndata_out,2) = in_datal(i,2)
climato_out (ndata_out,3) = in_data(i,3)
if((time_2 - time_1) > interval) then
tthe duration of this climate state is greater than interval '
tadd a new data entry
ndata_out = ndata_out + 1
climato_out (ndata_out, 1)
climato_out (ndata_out, 2)
climato_out (ndata_out, 3)

nono

time_2 - interval
in_data(i, 2)
in_data(i,3)

N

else
climato_out(ndata_out,1l) = time_1
climato_out(ndata_out,2) = in_data(i,2)
climazo_out(ndata_out,3) = in_data(i,3)
endif
enddo
open(io2, file='¢climato2.dat"') }
do i = 1,ndata_out
climato_out(i,2) = (climato_out(i,2) - map_start) &
/(glacial_max_map ~ map_start)
climato_out(i,3) = (climato_out(i,3) - mat_start) &
/(glacial_max_mat - mat_start}) }
write(io2,'(£8.0,1x,£10.4,1x,£7.4) ") (climato_out(i,j),3=1,3)
enddo

end programn
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100

Cr*wx
Crxx*
fod A0
Crrnk
Cr*rx
Cr*hx
Cr*rx
Crxwx
Cr*raw
CExxn
CH*xx
Crahx
Cr***
Crrx*
CrHr*w
Cxr**
Crrew
Crrx*
Crarx
Creaw
Crxww
Cx*r*
CrExx
Crr*x

Crxx*

44‘.\/ ?K%e/

program orbital_parameters

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
$ and end time °*
read(*,*)start_time,delta_time,end_time
write(*,*) 'enter output file name '
read(*, '(a80) 'Jout_file

open(unit=10, file=out _file)

time = start_time

do i=1,10000

if(time.le.end_time)then

call orbpar(time,eccen,obliq, omegvp)
precession_index = eccen*sin{omegvp)
Write(10,'(f8.0,1x,£f6.4,1x,£6.4)"')time, eccen,precession_index
time = time + delta_time

else

go to 100

endif

end do

write({*,*) '=END OF PROGRAM®

stop

end

SUBROUTINE ORBPAR (YEAR, ECCEN,OBLIQ,OMEGVP)

ORBPAR calculates the three orbital parameters as a function of
YEAR. The source of these calculations is: Andre L. Berger,
1978, "Long-Term Variations of Daily Insolation and Quaternary
Climatic Changes", JAS, v.35, p.2362. Also useful is: Andre L.
Berger, May 1978, "A Simple Algorithm to Compute Long Term
Variations of Daily Insolation", published by Institut
D'Astronomie de Geophysigue, Universite Catholique de Louvain,
Louvain-la Neuve, No. 18.

Tables and equatunitions refer to the first reference (JAS). The
corresponding table or equation in the second reference is
enclosed in parentheses. The coefficients used in this
subroutine are slightly more precise than those used in either

of the references. The generated orbital parameters are precise
within plus or minus 1000000 years from present.

Input: YEAR

Output: ECCEN
OBLIQ
OMEGVP

years A.D. are positive, B.C. are negative
eccentricity of orbital ellipse

latitude of Tropic of Cancer in radians
longitude of perihelion =

spatial angle from vernal equinox to perihelion
in radians with sun as angle vertex

ononon

IMPLICIT REAL*8 (A-H,0-Z)

PARAMETER (TWOPI=6.283185307179586477d0, PIz180=TWOPI/360.40)
REAL*8 TABLEl (3,47),TABLE4(3,19),TABLES(3,78)

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

AL e e A
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DATA TABLE1/-2462.2214466d0, 31.609974d0, 251.9025d0,
2 -857.323207540, 32.62050440, 280.832540,
3 -629.3231835d0, 24.172203d40, 128.3057d0,
4 -414.280492440, 31.983787d40, 292.7252d0,
5 -311.7632587d0, 44.828336d40, 15.3747d0,
6 308.9408604d40, 30.97325740, 263.7951d0,
7 -~162.553360140, 43.66824640, 308.4258d0,
8 ~116.107791140, 32.246691d40, 240.009940,
9 101.1189923d0, 30.5994444d0, 222.9725d0,
0 -67.6856209d0, 42.681324d0, 268.7809d0,
1 24.907906740, 43.836462d40, 316.799840,
2 22.581124140, 47.43943640, 319.602440,
3 -21.16483554d0, 63.219948d0, 143.805040,
4 ~15.6549876d40, 64.230478d0, 172.7351d0,
5 15.3936813d0, 1.01053040, 28.930040,
6 14.666093840, 7.43777140, 123.59684d0,
7 -11.727302940, 55.782177d40, 20.2082d0,
8 10.27426964d0, .373813d40, 40.8226d0,
9 6.491458840, 13.218362d40, 123.472240,
o] 5.853914840, 62.583231d0, 155.69774d0,
1 -5.4872205d40, 63.593761d0, 184.6277d0,
2 -5.429019140, 76.43831040, 267.277240,
3 5.160957040, 45.815258d0, 55.0196d0,
4 5.078631440, 8.448301d0, 152.526840,
5 -4.073578240, 56.792707d40, 49.13824d0,
6 3,7227167d0, 49.747842d0, 204.660940,
7 3.3971932d0, 12.058272d0, 56.5233d0,
8 -2.834700440, 75.27822040, 200.328440,
9 ~2.6550721d0, 65.24100840, 201.66514d0,
o ~2.571786740, 64.60429140, 213.557740,
1 ~2.471218840, 1.64724740, 17.03744d0,
2 2.462541040, 7.81158440, 164.4194d0,
3 2.2464112d0, 12.20783240, 94.54224d0,
4 -2.075551140, 63.856665d0, 131.9124d0,
5 -1.9713669d0, 56.15599040, 61.030940,
6 -1.8813061d0, 77.44884040, 296.20734d0,
7 -1.8468785d0, 6.801054d40, 135.48944d0,
8 1.8186742d0, 62.209418d0, 114.875040,
9 1.7601888d0, 20.656133d40, 247.0691d0,
o -1.542885140, 48.34440640, 256.611440,
1 1.4738838d0, 55.145460d0, 32.100840,
2 -1.4593669d0, 69.00053540, 143.68044d0,
3 1.419225940, 11.071350d0, 16.87844d0,
4 -1.1818980d0, 74.29129840, 160.683540,
5 1.17564744d0, 11.04774240, 27.593240,
6 -1.131612640, 0.636717d0, 348.107440,
7 1.0896928d0, 12.844549d0, B2.6496d40/

C*+*** Table 4 ({1). Fundamental elements of the ecliptic: ECCEN sin(pi)

DATA TABLE4/ .0186079840, 4.20720540, 28.620089d0,
2 .0162752240, 7.346091d40, 193.78877240,
3 .01300660d40, 17.857263d0, 308.307024d0,
4 .0098882940, 17.22054640, 320.199637d0,
S .0033670040, 16.84673340, 279.37698440,
6 .00333077d40, 5.19907940, 87.195000d0,
7 .0023540040, 18.23107640, 349.12967740,
8 .0014001540, 26.21675840, 128.443387d0,
9 .0010070040, 6.35916940, 154.143880d0,

3 i A
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.0008570040, 16.21001640, 291.269597d0,
.0006499040, 3.065181d0, 114.860583d0,
.0005990040, 16.583829d40, 332.09225140,
.0003780040, 18.493980d40, 296.414411d0,
-.0003370040, 6.190953d40, 145.769910d0,
.0002760040, 18.867793d0, 337.237063d0,
.0001820040, 17.425567d40, 152.092288d0,
-.0001740040, 6.186001d0, 126.83989140,
-.0001240040, 18.41744130, 210.66719940,
.0000125040, 0.667863d0, 72.10883840/
Table 5 (3). General precession in longitude: psi
DATA TABLES/ 7391.022589040, 31.609974d0, 251.9025d0,
2555.1526947d40, 32.62050440, 280.8325d0,
2022.7629188d0, 24.172203d0, 128.3057d0,
-1973.651795140, 0.636717d40, 348.107440,
1240.232181840, 31.983787d40, 292.7252d0,
953.867911240, 3.138886d0, 165.1686d0,
-931.753710840, 30.973257d0, 263.7%51d0,
872.379538340, 44.828336d0, 15.374740,
606.354473240, 0.99187440, 58.574940,
-496.02740384a0, 0.373813d0, 40.822640,
456.960803930, 43.668246d40, 308.425840,
346.946232040, 32.246691d0, 240.009940,
-305.8412902a80, 30.599444d40, 222.97254d0,
249.617324640, 2.147012d40, 106.59374d0,
-199.1027200d40, 10.51117240, 114.51824d0,
191.0560889d0, 42.68132440, 268.7809d0,
-175.293657240, 13.65005840, 279.686940,
165.9068833d0, 0.986922d0, 39.644840,
161.128591740, 9.874455d40, 126.4108d0,
139.7878093480, 13.013341d40, 291.5795d0,
-133.522839940, 0.26290440, 307.2848d0,
117.067381140, 0.00495240, 18.9300d0,
104.6907281d0, 1.142024d40, 273.7596d0,
95.322747640, 63.219948d40, 143.8050d40,
86.782452440, 0.20502140, 191.8927d0,
86.085772940, 2.151964d0, 125.5237d0,
70.589369840, 64.230478d0, 172.7351d0,
-69.971934380, 43.836462d0, 316.7998d0,
-62.581747340, 47.439436d0, 319.6024d0,
61.5450059d40, 1.38434340, 69.7526d0,
-57.936401140, 7.43777140, 123.5968d0,
57.189983240, 1B.829299d40, 217.643240,
-57.023610940, 9.50064240, 85.5882d0,
-54.211925340, 0.43169640, 156.2147d0,
53.283414740, 1.16009040, 66.9489d0,
52.122357540, 55.78217740, 20.2082d0,
-49.0059908480, 12.639528d40, 250.7568d0,
-48.3118757d40, 1.155138d0, 48.0188d0,
-45.419168540, 0.16821640, 8.3739d0,
-42.235792040, 1.64724740, 17.0374d0,
-34.797109940, 10.884985d0, 155.3409d0,
34.462361340, 5.61093740, 94.170940,
-33.8356643d0, 12.65818440, 221.1120d40,
33.668936240, 1.01053040, 28.9300d0,
-31.2521586d0, 1.983748d40, 117.1498d0,
-30.879870140, 14.023871d40, 320.5095d0,
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Crrexx

CHrwrr*
Crexx
Crrwn
Crxrx
Cxkrw

110

Crenx
Crwnx
Crawnx
Crrrx
CHrrex
Crwsew
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28.4640765d0, 0.560178d0,
~-27.196080240, 1.27343440,
27.0860736d40, 12.02146740,
-26.343745640, 62.583231d0,
24.725374040, 63.59376140,
24.6732126d0, 76.438310d0,
24.4272733d0, 4.28091040,
24.0127327d0, 13.21836240,
21.7150294d0, 17.8187694d0,
-21.5375347d0, 8.359495d0,
18.1148363d0, 56.79270740,
-16.960310440, 8.448301d0,
-16.176521540, 1.97879640,
15.556765340, 8.863925d0,
15.484652940, 0.186365d0,
15.2150632d0, 8.996212d0,
14.504742640, 6.771027d0,
-14.3873316d0, 45.8152584d0,
13.135141940, 12.002811d0,
12.8776311d40, 75.27822040,
11.986723440, 65.241008d0,
11.938557840, 18.87066740,
11.7030822d0, 22.0095534d0,
11.6018181d0, 64.6042914d0,
-11.2617293d0, 11.498094d0,
-10.4664199d40, 0.578834d0,
10.433397040, 9.237738d0,
-10.2377466d0, 49.747842d0,
10.193444640, 2.14701240,
-10.1280191d0, 1.19689540,
10.028944140, 2.13389840,
-10.003425940, 0.17316840,

YM1950 = YEAR-1950.
Obliquity from Table 1 (2):

OBLIQ# = 23.320556 (degrees)
OBLIQD = OBLIQ# + sum[A cos({ft+delta)]

262
336
233
158
184
267

78.
123.
188.
180.

49,
152.

98.

97.
221.
168.
161,

55.
262.
200.
201.
294.

99.
213.
154.
232.
138.
204.
106.
250.
332.

27

.3602do,
.214840,
.00464d0,
.6977d0,
.62774d0,
.2772d0,
928140,
472240,
713240,
136440,
138240,
5268d0,
219840,
4808d0,
537640,
2438do0,
119940,
013640,
649540,
328440,
665140,
654740,
823340,
557740,
163140,
715340,
303440,
6609d0,
593840,
4676d0,
334540,
.3039d0/

Equation 5.5 (15)
Equation 1 (5)

SUMC = 0.

DO 110 I=1,47

ARG = PIz180* {YM1950*TABLE1(2,I)/3600.+TABLE1(3,1I))
SUMC = SUMC + TABLEl(1,I}*COS(ARG)

OBLIQD = 23.320556d40 + SUMC/3600.

OBLIQ = OBLIQD*PIz180

Eccentricity from Table 4 (1):
ECCEN sin(pi) = sum(M sin{gt+beta)]
ECCEN cos(pi) = sum[M cos(gt+beta)]

ECCEN = ECCEN sqrt{sin(pi)"2 + cos{pi)"2]

Equation 4
Equation 4

ESINPI = 0.

ECOSPI = 0.

DO 210 1=1,19

ARG = P1z180* (YM1950*TABLE4(2,I)/3600.+TABLE4(3,1))
ESINPI = ESINPI + TABLE4(1l,I)*SIN(ARG)

ECOSPI = ECOSPI + TABLE4(1l,I)*COS(ARG)

(1)
(1)
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ECCEN = SQRT(ESINPI*ESINPI+ECOSPI*ECOSPI)

Cawas
C**** perihelion from Equation 4,6,7 (9) and Table 4,5 (1,3):
CHrxr PSI# = 50.439273 (seconds of degree) Equation 7.5 (16)
Cr*a* ZETA = 3.392506 (degrees) Equation 7.5 (17)
Crx*+ PSI = PSI# t + ZETA + sum[F sin(ft+delta)) Equation 7 (9)
CHrre PIE = atan{ECCEN sin{pi) / ECCEN cos(pi}]
Crwws OMEGVP = PIE + PSI + 3.14159 Equation 6 (4.5)
C*ﬂ**

PIE = ATAN2 (ESINPI, ECOSPI)

FSINFD = 0.

DO 310 1=1,78

ARG = PIz180*(YM1950*TABLES5(2,I)}/3600.+TABLE5(3,1I))

310 FSINFD = FSINFD + TABLES5{1,I)*SIN(ARG)

PSI = PIz180*(3.392506d0+(YM1950*50.439273d40+FSINFD)/3600.)
cgrw OMEGVP = MODULO (PIE+PSI+.5*TWOPI, TWOPI)

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

RETURN

END
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subroutine paillard_algorithm(climate_state)

1

| File Name: paillard_algorithm.f90

| PrOject: 20.06002.01.252

| Purpose: implements Paillard discrete model
! Language: fortran90

! Operating System: Solaris

!t Date: 11172006

! Written by: G. Walter

! History: original code, 1/11/2006

!

use sim_controls
implicit none

integer :: climate_state !1 = interglacial, 0 = mild glacial, -1 = full glacial

linsolation_0 - insolation value to triggering interglacial-mild glacial transition
linsolation_1 - insolation value triggering full glacial-interglacial transition
linsolation_2 - insolation value that allows mild glacial-full glaciat transition
linsolation_3 - insolation value preventing mild glacial-full glacial transition
time_g - minimum duration of mild glacial

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

if(insolation_array(i_time)%insolation > insolation_1) then
iswitch to interglacial
climate_state = 1
return
else
return Istay in full glacial
endif
endif
if(climate_state .eq. 1) then !if state is interglacial

if(insolation_array(i_time)%insolation < insolation_0) then
Iswitch to mild glacial
climate_state = 0
delta_tg=0
return
end i
return
endif
! to get to this point, must have started in mild glacial climate

delta_tg = delta_tg + delta_t lincrement time in mild climate
Icheck elapased time in mild glacial climate
if(delta_tg < time_g) retum

' lit is now possible to transition to full glacial depending of
linsolation

Icheck to see if insofation is increasing

lit insolation is increasing, need to wait for maximum

o determine the next transition

ff(insolation_array(i_time+1)%insolation & N
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> insolation_array(i_time)%insolation) then tinsolation is increasing
insolation_max = -1000

else
linsolation is decreasing
lcapture the peak
insolation_max = max(insolation_max,insoIation_array(i_time)%insoIation)
lif the current value of insolation was > insolation_3,
!stay in mild climate
if(insolation_max >= insolation_3) return
lthe 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 Istay in mild

Ireset flag
g_Gflag =0

Iswitch to full glacial

climate_state = -1
endif

return

end subroutine paillard_algorithm
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program paillard_2

'This program simulates continuous climate states based on an

lalgorithm presented in Paillard, D. 1998. The timing of Pleistocene
!glaciations from a simple multiple-state climate model. Nature 391, pp 378-381

AR R R R R R R R AR R RS S R RS

! File Name: paillard_model2.£90

! Project: 20.06002.01.252

t  Purpose: main input file

! Language: fortran90

! Operating System: Solaris

! Date: 1/24/2006

! Written by: G. Walter

! History: original code, 1/24/2006

! Modified: 3/30/2006 to limit ice volume to 0 to 1

B R R R R R e R R RS RS R SRS

use sim_conzrols ! {perm_declare_mod.£90)
use file_names! (perm_declare_mod.£90)

use io_units ! (perm_declare_mod.£90)

use input_functions ! (pailliard_input.£90)
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 input{)

'rur the model
g_Gflag = 0
delta_tg = Q.

linitialize climate to Full Glacial
climate = -1
allocate{climate_array(record_counter))
climate_array%$ice_volume = 1.

tadd time stepper
do i_time = 1,record_counter
if{insolaticon_array(i_time)%time >= start_time)then
! climate_array(i_time)%ice_volume = V_G
if(insolaticon_array(i_time)%time > end_time) go to 100
if{i_time > 1l)then
delta_t = insolation_array(i_time)%time - insolation_array{i_time-1)%time
else
delta_t = insolation_array{i_time+1)%time - insolation_array(i_time)%time
endif
climate_array(i_time)%time = insolation_array(i_time)%time
call paillard_algorithm(climate,delta_V) !paillard_algorithm.f90
tupdate ice volume
climate_array(i_time+l)%ice_volume = climate_array(i_time)%ice_volume &
+ delta_Vv
'the following constraint to keep the ice volume between zero and 1 is not
'part of the standard Paillard model

climate_array(i_time+l)%ice_volume = max(climate_array(i_time+l)%ice_volume,0.)
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climate_array{i_time+1)%ice_volume = min{climate_array(i_time+1)%ice_volume,1.)
if(climate < 1) then
'if ice volume > glacial reference volume and not in interglacial state
! switch to full glacial climate
if(climate_array({i_time)%ice_volume > V_G) climate = -1
endif
climate_array(i_time)%climate = climate

write(®,*)climate_array(i_time)%time, &
insolation_array(i_time)%insolation,climate_array(i_time)%climate, &
climate_array(i_time)%ice_volume

write(io_insol_record_out,'(f8.0,1x,f8.4,1x,i3,1x,f8.4)‘)climate_array(i_time)%time, &
insolation_array{i_time)%insolation,climate_array(i_time)%climate, &
climate_array(i_time)%ice_volume

end if

end do

write(*,*)'END OF SIMULATION'

end program paillard_2




'5’/3%'& N

module algorithms

/AIZ(wv/—a //, ﬂﬂml,ﬂ?d

subroutine paillard_algorithm{climate_state,delta_V)
!*iﬁi*t********w************i*i’**************t****i*t********************

!t File Name: paillard_algorithm.£90

! PrOject: 20.06002.01.252

! Purpose: implements Paillard continuous model
!  Language: fortran30

! Operating System: Solaris

! Date: 1/11/2006

! Written by: G. Walter

! History: original code, 1/11/2006

1

(R R R R R R R TR Y T E 4

use sim_controls

implicit none

integer :: climate_state !1 = interglacial, 0 = mild glacial, -1 = full glacial
integer :: c_index

real :: delta_V, ice_func

!insolation_0 - insolation value to triggering interglacial-mild glacial transition
tinsolation_1 - insolation value triggering full glacial-interglacial transition
tinsolation_2 - insolation value that allows mild glacial-full glacial transition
tinsolation_3 - insolation value preventing mild glacial-full glacial transition
ltime_g ~ minimum duration of mild glacial

tice volume parameters

tice volume parameters

'V_i irterglacial reference ice volume

'Vv_mg mild glacial reference ice volum

'V_G full glacial reference ice volume

real, dimension(3) :: V_ref

real :: F !'local variable to hold insolation value

ttau(3) interglacial time constant
ttau(2) mild glacial time constant
ttau(l) full glacial time constant
! real :: tau_F !forcing time constant

V_ref(l) = V.G ; V_ref(2) = V.mg ; V_ref(3) = V_i
F = insolation_array(i_time)%insolation
if(climate_state .eqg. -1) then !'if state is full glacial

if(insolation_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)
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return
else
¢c_index = climate_state + 2
delta_Vv = ice_func(delta_t,tau{c_index),V_ref{c_index),F,tau_F, &
climate_array(i_time)%ice_volume)
return !stay in full glacial
endif

andif

if(climate_state .eq. 1) then !'if state is interglacial

if{insolation_array({i_time)%insolation < insolation_0) then

'switch to mild glacial
climate_state = 0
delta_tg = 0
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)

return
end if
!'stay in interglacial
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)

return

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

1

delta_tg = delta_tg + delta_t !increment time in mild climate

'check elapased time in mild glacial climate
if(delta_tg < time_g) then

!stay in mild glacial

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)

return
endif

it is now possible to transition to full glacial depending of

finsolation

‘check to see if insolation is increasing

tif insolation is increasing, need to wait for maximum

to determine the next transition
if(insolation_array(i_time+l)%insolation &
> insolation_array{i_time)%insclation)
insolation_max = -1000

else

!insolation is decreasing
lcapture the peak

then !insolation is increasing

e e e
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insolation_max = max{insolation_max,insolation_array(i_time)%insolation)

1if the current value of insolation was > insolation_3,

!stay in mild climate

if (insolation_max >= insolation_3) return
ithe 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 mild

'reset flag
g_Gflag =0

Iswitch to full glacial

climate_state = -1
endif
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)
return

end subroutine paillard_algorithm

end module algorithms
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STANDARD PATLLARD PARAMETERS bt fu f-no minae /
tline 1: srcart time, end time values in insolation record
-800 1000

tline 2: insolation value to triggering interglacial-mild glacial transition
;SiZZ 3: insolation value triggering full glacial-interglacial transition
?1ine 4: insolation value that allows mild glacial-full glacial transition
?line 5: insolation value preventing mild glacial-full glacial transition
%line 6: minimum duration of mild glacial

?gine 7: time constant for interglacial tau(l)

}gine 8: time constant for mild glacial tau(2)

?gine 9: time constant for full glacial tau(3)

?gine 10: time constant for insolation forcing tau_F(4)
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=== From Model
|—B— From Paillard (1998)

e ] FULL GLACIAL
e} = MILD GLACIAL
4 1 INTERGLACIAL

(] -100 -200 -300 -400 -500 -600 =700 -8p0

1,000 Years Before Present

D:\Climate_Infil_ISI\Future Climate\stochastic climate\Report\comparison of paillard model2 and SPECMAP xis figure3
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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)
{(http://www.ngdc.noaa.gov/mgg/mggd.html}
& collocated

World Data Center for Marine Geology & Geophysics

Data also available from WDC Paleoclimatology

NOTE: PLEASE CITE ORIGINAL REFERENCE WHEN USING THESE DATA

CONTRIBUTORS: J. Imbrie, A. Duffy, et al , Brown University
NAME OF DATA SET: SPECMAP Archive #1

LAST UPDATE: 2/90 (Original receipt date by WDC-A MGG)
GEOGRAPHIC REGION: Global

PERIOD OF RECORD: 0-400,000 YBP

DATA VOLUME: approximately 1.45 mbytes

MGG IDENTIFIER : MGG44995001
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D:\Climate_Infil_IS\Future Climate\stochastic climate\Report\comparison of paillard model2 and SPECMAP .xls
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Average | Average | Average | Average
Past Future Past Future
pParameter | Relative | Relative | Relative | Relative
Set MAP MAP MAT MAT

Nominal 2.24 2.34 0.65 0.62

< 0 =-0.7 2.25 2.41 0.65 0.80]

10=-0.8 2.24 2.32 0.65 0.64]

=-0.9 2.23 2.22 0.65 0.67]
L Average Relative MAP Average Relative MAT
Nominal 10=-0.7 10=-08 0=-09 Nominal 0=-07 0=-08 0=-09 ]

100 kyr 2.50 2.50 2.50 2.12 0.53] 0.52 0.53
100-200 kyr 2.08 2.44 2.01 1.86 0.73] 0.60! 0.76
&300 kyr 1.75 212 1.80 1.62 0.81 0.72 0.80;
300-400 kyr 2.82) 2.82 2.82 2.72 0.46; 0.46] 0.46
00-500 kyr 2.84 2.84) 2.64 2.58] 0.36 0.35] 0.50]
%00 kyr 2.62 2.62 2.54 2.45 0.53 0.53 0.59
700 kyr 1.78 1.78] 1.78] 1.75 0.83 0.83] 0.83]
700-800 kyr 2.49 2.49 2.49 2.49] 0.59] 0.59 0.59
-900 kyr 2.82 2.84 2.64 2.64 0.45 0.45 0.56]
-1000kyr 1.69 1.69 1.97| 1.94 0.91 0.91 0.75

Average Relative MAP
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010 =-0.9
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