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A. Problems
None

B. Accomplishments

Collection of ground data in support of HCMM overpasses and for
calibration of the finite-difference heat flow model has begun.

The finite-difference model was adapted for use on an Hewlett-
Packard 9825 minicomputer (See Appendix A).

A series of model calculations were made to simulate effects of
near surface soil moisture (within 50 cm of soil surface) and water
tables at deeper depths on the soil depths in soil surface temperature.

During the next reporting period, collection of ground data will

continue. Analyses of HCMM data will begin upon receint of the data.

C. Significant Results

In order to investigate the general relationship between surface
temperature and soil moisture profiles a series of model calculations
are being carried out. Soil temperature profiles are being calculated
during a complete diurnal cycle for a variety of moisture profiles.
Preliminary results indicate the surface temperature difference between
two sites measured at about 1400 hours is related to the difference in
soil moisture within the diurnal damping depth (about 50 cm). The
model shows this temperature difference to vary considerably throughout
the diurnal cycle.

The presence of a water table below the diurnal damping depth was

simulated by fixing the soil temperature at 50 cm depth to be ol



cooler than a similar site without water. Model calculations comparing
two sites with and without this water were made. Preliminary results
show the presence of such a water table results in a surface
temperature difference which is constant throughout the diurnal cycle.
If the two sites also differ in soil moisture in the top 50 cm layer
of soil, the presence of a water table at one site simply alters the
surface temperature difference by a constant amount. Thus the model
may allow one to distinguish the effects of soil moisture near the surface
from those due to a water table below the diurnal damping depth by
consideration of surface temperature differences noted by HCMM at its
day and night overpasses.

It should be noted that these series of calculations assume the
same heat flux into both sites and do not account for crop canopies.

These factors may complicate use of the model in actual field conditions.

D. Publications

None at this time

E. Recommendations

None at this time

F. Funds Expended
$29,007.94

G. Data Utility

HCMM data has not been received
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Soil-Temperature Model Program:

This program is set up to provide a model of soil temperature

for 50 cm of soil.

layers.

PARAMETERS :

This is broken into fifty (50) equally spaced

X(1) is the distance between nodal points in centimeters.

T is the time interval between calculations in seconds.

N is the number of equally spaced nodal points.

P is the time between print-puts in seconds.

M(1) is
H(1) is
M(2) is
H(2) is
Y(1) is
W(1) is
A(I) is
B(I) is
0o(I) is
P(I) is

the
the
the
the
the
the
the
the
the
the

initial starting minute.

initial starting hour.

minute when the calculation is to end.
hour when the calculation is to end.
ending day.

adjusted air temperature.

temperature of Site A at depth I.
temperature of site B at depth I.
moisture of site A at depth I.
moisture of site B at depth I.

Q is the amount of soil.

K(0,1,2) is the conductivity of air, water, and soil respectively.

G(1,2) is the heat capacity of water and soil respectively.

G(0) is a dipolarization factor as defined by deVries



. Program Listing

N: 706+rN3ato 76
*11086

* Subroutine "QHEAT"
This subroutine is used to calculate the surface heat flux throughout the day.

l1: "QUEAT":M[1l] /60+r2]
2: H(1)+4r21+r22
3: r22-6,75+r23

*606

% Conversion of Temperatures in Degrees Centigrade to Degrecs Kelvin.
The adjustment factor ( /100) allows for larger precision in the
calculation.

4 (W[1]1+4273,16)/100>r24

52 (A[0]+4273,16) /10025

6: (B{0]+273.16)/100+126

*12439

* Calculation of Surface Heat Loss Term

(.000136 corresponds to the Stefan-Boltzman constant)

7: 000136%¢24% 42127
3s = (000136%¢258%4~r27) 1]

0 ¢ _(.“:ﬁ‘\!‘}-'\*l')u""'_'-’!]).!-1‘,‘ 1¢

ORIGINAL PAGH it

iy OF PLCOR QUALITY

. Calculation of Surface Heat Flux
This test to determine whether the time is at night or during the day
and adds a solar heat flux term for the day.

10: if r23<=0;gto "100"

Yy 3F r23v»=13:9to "100"

12y rad

13 009%94*sin(r23*n/13)+rll=rl]

14: .0094*sin(r23*n/13)+4rl2+rl2

15: "100":ret
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24:;
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’ The following subroutines are used for plotting the data.
(for further detail see plotting subroutine package),

"move":

WEb r0,27,65,int((n1-%)0/64) IRt ((D1=X)0),int ((n2-v)y/n ) int ((02-v) V)
ret

“imove":

wth r",??,RZ,jnt(")U/ﬁ1),int(wlu),int(wf»/%‘),i"?(~’J\

gec

llh]v'.“:

wth r0,27,65,int((n1—x);/ﬁ'),iv
if N3=0:45+n3

if r3=46;wth £0,27,82,0,0,0,6 :
wth rf,n3;;wth 0. B

if n3=46;wth £0,27,82,0,0,53,-6

ret

“char":

6 P2=0;5+n2;:0+n3

wth rﬂ,?7,4ﬁ,nl,ivt(”“/ﬁa),'3,%3

ret

"peiz®:

PleH; p2ew

wth rO,??,?q,int(ﬁ4*]7‘/31),"1']?3,i“t(“l‘"wfwi\,:{'l,

ret

THCLY

l?c)\-‘/(n?—hl)¢u

961/ (Pd=-n3)+y

r*]*\';rr]o\’

ret ORIGINAL PAGE IS
“xaxis": OF POOR QUALITY

wth r0,27,46,95,0,5,9
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if nl=0 ana RA=D1X+n3 1N +120/ans

1 "'T'-.-l“l-r'!-r"!-»r',‘ /

s fLlPSDInEL(DI-XIU/64), Int L {nIoxib), int( ( L=¥)V/514) ,int ((21=Y)v)
rYlarS stk 0,43 swh o ), 8

wth !‘,‘.':,)7']];]'15”(')‘z/-'~'\"':»((:'-..‘4)'\,u;\{_ LH,na3, 019 \ Ppa*n5))

ret

*vyaxis":

wth r{",??’,iv’»,l?‘-,f, 3,0

ifF ri=0 and Rd=0:Van3,; vean /Ny

iF 1‘-":.();;‘.1—v*§¢":’

v LR IO, (e (ol -x)0) intl (rlrius Yeint((n3-v)y)
Pi+nSwth r0,42;wtt r{,!

wth v_'("_'{l'1].'.,‘,\,""*:"9(_ 2 .-’»H.\,ir!( Y st FO43 9 (254 Krh )

ret

"ernace's
: & 4 nl<Nzato +2

Wtb r0,32;4mp 2((Dl=-1n1)=0)
wi b '-(\'Q;:?-“n (r‘,)}-1 sm] ) =)

rot

“r',-';-"uo

if nl<zate +2

WED t0,10:59rn 2((pl-1+n])=0)

R o !-.)")",' 1 1IED (nl+lan)ia

’
ret
" orn ll:
vt v 97 99
Wt ti, £ f 1
} N 99 )
ot y ; ,) / ’ i

if rl=0:13.2 5113




. The Main Program Begins Here.
Parameters used are as previously defined and are called for by the computer.

it Aim A[0:50),B8(0:501,C00:50),R[0:50]),0(0:50),F[0:50],0([0:108],1([0:250)
7: Aim X[1},v(0:108),9(1)
1z dim M[0:4),1(0:2],K(0:2),5([0:2),L[0:50},Y[0:)],R(0:50],5(0:51],U(0:105)
)i ent X[1),T,N,P,0[1],M[1),Y(1),1[2],M(2),%I1}
): =1+L[1)
l: for I=2 to SO;L{I=-1)-1=-L[I];:next 1
2¢ O«JeM[3]eM[4])er1D
3: H[1)*60+M[1)eM][3)
$3 l+rls '
23907
. Specification of Initial Teuperature Profile

A(0) corresponds to the surface, H(I) 1 cm etc.

y: ent A[O],A[L1],A[S),A[10],A125]),A189),68(0]),001),0(5]),3(10),u(25],8([50)
for I=2 to 4;(A[S)-A[1))/4*(1-1)+A[1])+A[1)
(B [8S)1=5G(2))/a*(I=1)+13[1) =+ (1) noxt 1
for 1=6 to 93 (A[10)=A[S)) /5% (1=5)+A[S)+A[I]
(PP10Y=B[85)) /5% (I=-5) +11[5)=+3 (1) snext |
for 1=11 to 24; (A[25)=A110])/15* (1-190) +A[10)=A (1]

|

(B[251=B{101) Z15% (1-1M) +8[10)+83[1] snext

Ye for 1I=26 to 49; (AISOYI=A[25])/725%(]1=25)+ SR AEES
it (BRIS501=B[281)/725%(1-25)+8[25])+8f1]) inext 1

s Afl1}1=3[1)+S(81)

-,

» Testing for Calculation of Conductivity and Specific Heats.
= " " “"7i i S ’ " ®
: Specification of Conductivity and Heat Capacity Profiles.

10" 011 1:;Q18], "lr“"‘"l‘lr {(81,P{ T Ly
t ent o}, klf1},x{21,=(1}, (1) ,612]
t 1= 1~0eljfl]

t 1=-P{1]=CaV{]]

e 1=G1R1=0+1i18)

: 1=P12]1=0+V[3]

t 1=-01258]1=-0+0(258]

. ‘:-.!' | 0\!""‘

2 1-0[22]=0s0{42]

St 1=Pla2]1~0CsV42])
¥y



0658 (2/(1+(K[2]/K[1]=1)*3[0]) 41/ (14(5[2)/%[1])=1)* (1=2%3(0])))/dor])

07: (2/Q1+(X(0)/ZR111=1)*3(0)) 41 /(1 +(EI0)/X[1)=1)* (1=2%3[0)))) /=2

08t (O[11*K[1)+r)*0*K[2)+r2*0(1)1*K[0]) Z(O(1)4r1* 4r2%01]) 201 )

09 (PIL1]*K{1]+p)1*Q*K[2)+r2*V[1]*RI[0])/(PIL}#r}*Otr24v]1])»0u(1]

10: (O[BI*R[1)+r1* 0% [214r2*0[R)*E(0]) /(012 ) +r1*csr2vul 1 )=2[2]

1l: (“["]*’[H+r\""*k{’l+1"*\/[ﬂ]* [n])/w{ﬂ:lwl_' +r2*ufal)y-ofn)

12: (OI25)*R[1)+p1*0*K[2)+r2*Uf25]*K[0))/Z(0125])+r1* 4r2*U[25])+C(25]

13 (D[’)ﬁ]i\([]‘+r]w\*t['\“',r'\*\ll’)c,‘t' [n])/(;['yq!4,1f ‘Y'\'*"'f,'”»])*"['):"-l

14: (OT42)*K[1)+r)X*O*K[2) 4r2*U[42]*K[0])/Z(O[A2)4r1* sy 2% {a2])+0[a7)

184 (old)]*h(1]4r]*ﬂ* [2]402%V {421 %K [0)) Z(PIA2)4r 1% Ser2hy[d2))»L[4%) '

16: OxG[21+0([21*C{1)+-E[1l)

17z O*Cl2|+P[1]*G[1]»F[l]

12: O*GI[2]1+0[81*G[1]=E{R]

19: O*G{2)1+P[R]*G[1]+F(8])

20: O*G[2140[251*G(1]1+1[25])

21: O*C[21+P[25]*G[1])»+[25]

22: Q*G[2)1+0([42)1*G[1])+E[42])

23: O*G[2]1+P[42)*G[1]»F[42]

28t T11"t0r I=2 0 248:3CI81={CI25]=ClR]))/17*(R=1)+0{I)
253 “!QI—(PI75]—ﬂ19])/]7*(“ 1)+D[1)

26: E[8]-(E[25])-E(8])/17*(8B-1)+E[I]}

273 F[‘l-(’-[’ }=F[8])/17* (8=1)+F[I];:next I

28 For -I=x26 to S0:CI251+ICIAZI=Ci258 1Y A1 7% (1-25)+C|1]
29 3 "'[Z“”u|+(h[4?!-—1'1(?'\])/17*('[—'.’.”;)*!.)['[]

IN: F{251+(Ef42]1-E[285))Y/172*%(1-25)+E[1]

31 FPI20}+(F[42])~-F[25]))/17* (1I-25)+F[]1] ;nexi A

12 ¢ ([\]-ﬂ [ﬂ] n[]].;l[)];ui]].,l[n‘ FI1]a00)

}'1: P/ (’)*‘\[_‘.]* []])"fl"t‘“ nagw

14479

ORIGINAL PAGE IS
. Call Subroutine to Calculate Surface Heat Flux. QF POOR QU

34: "30":cll °‘OHEAT’
2386

. Calculation of Internal Nodal Temperatures.

35¢ for - I=l to N=1:(E[1]/r)l=Cl[1=1]=2*C[1])=C[141])])*A{1])»r5

368 ((CII=1]1+C[I})*A[I=1)+(CII)4C[I+1])*A[T+Y1)+r6)*r1/E{TI)+D[1)

s (P11} /rl1-DiI=11=-2*D[1]-D[I+1])*B[I]»r?

s ((DII=-1)+D[I1)*BR[I=1]+(D[T)+D[T+1))*B T+ 14r7)*r1/F[T]+3(1)snext I
1700

E : = === R e R = =l - . <t s | TIT SSARR TR SRR
izl 3 3 T W 3 E " - M i - ' i 3 - 4 .



. Calculation of Surface Nodal Temperatures.

393 A*X[1]*r)1+(E(1])/r1=2*C[1]=2%CI2])*A[0]+(2*C[1])42*%C[2]))*A[1]=P[0]

40: r1/E(1])*R{0])+R[0O]

A1: A*X[1)*r124(F[1]/r1=24D[1)=24D(2])*N[0)4(2*D[1]42*D[2))*2 [1]+5(0])

42: rl1/F[1]*S([0)=5(0)
21903

. Calculation of Lower Boundary Temperatures.

43: A[N)=RIN])
44: B[N]=+S[N]
10319

. Reassignment of Nodal Temperatures for Next Iteration.

45: for I=0 to N;R[I]+A[I);S[I])*B[I]snext I
463 A[0)1=-R[0)+S[51)

26508

* Testing for Print-out Time
471 3if M{4]1<Prgto 81"
3INTHR6

*  Printing of Pertinent Data

48: %45':r10+1+1l0

49: int(rl0/2)+rll;rll*2+rl12

50: fmt 1,/,/,"TEMPERATURE PROFILE AT " ,fz2.0,f22,0," HOURS"
f1: “S2%:wrt 706.1,H[1]),M([1)

52: fmt 2,/,/.7,"SURFACE TCMPERATURE DIFFERENCE =" ,{6,3

53 wrr 706, 2,815))

Sd=Int 1, /. 4/ 4%, 30EPTH TEMP A TEMP R B

S8t wrt 106.1

16789

T TTea TOGN SR R ok 1



b Allocation of Three (3) Equal Columns for the Data

L56: int(N/3)+1+r2

1571 r2%3+r3

158: Nrr3+l-rd

159: for I=0 to r2-1l;l+r5+r6

160: if ra>=1;r6+1+r6

161: r6+r2+r7-+r?

162: if ra>=2;rf+1+r8

163: rB+r2+r9

H FEds Tt )X .5x. 03 0.4%,06,.3,3%,.76,3,4x,13.0,4»,16.3,3x,f6.,3,¢2
1653 wrt 706,1,r5,A[r5),8(r5),c7,A[r7),8(x7]
i

{

e Tor 28 F 4R, t6 8 1 163
167: wrt 706.2,r9,A{r9),B{r9);next I
168: rS+l+rS5;r7+41l+r?

169: if ra>=2;ato "76"

1701 3f rd>d=)lato YI4"

71: gto *BO"

172 -Tht 3 4% . T 040 050,400,103,
: 173: "76%swrt 706.3,c5,A[15),8(r5])

g i SEE L e Eer it o iy b aS 2 e pd L S B TR
1755 14 swrt - 706.2,c7, Al 71, Bl 7]

4 *28R364

" End of Print-Out Routine

176: "00":0-M[4)
£E27: i€ ri24ri0:qteo "N)"
«23374

* This Portion Plots the Data. ORIGINAL PAGE IS

t783 ¢l “formi(R.5,10,11) OF POOR QUALITY

EI9+ ¢}l ‘pEit (1,7.1.5)

180: ¢l ‘sel”(10,35,-50,0)

8Y: 1) ‘xaxis’(-50,5,10,35%)

I1R2: cll ‘vaxis’(10,10,-50,0)

183: cll1 ‘move " (0,0)

i84: for I=0 te SO0:;cll ‘plt (A[I],L[I),42);:next I

185: for I=10 to 35 by 5;3;cll ‘rove (I,-52):cll ‘snace’ (=2)
IRG: fmt F4,.0:wrt 706,I:next 1

187: for 1=-50 to 0 by 10;3;cll ‘move’(10,I);cll ‘srpace’ (-6)
iB8: wrt 706 ,I;next I

t89: cll ‘move ’(17,3);wrt 706,%“SOIL TEMPERATURE FOR SITE A"
190: cll ‘move " (22,-54);wrt 706,"TEMFERATURE"

191t ¢l ‘move ' (5,-60)3;cll ‘form°(B.5,10,11):cll °‘psiz (7,7,1,.5)
192: ¢l1 ‘xaxis’(=50,5,10,35);¢cl1l1 ‘vaxis’(10,10,-50,0)

193: cll ‘move “(0,0)

194 for I=0 to 50:;cll ‘plt (B1I),L[I),42);next I

195: for I=10 to 35 by 5;cll ‘move (I,-52);cll ‘space’ (-2)
196: fmt £4.03wrt 706,1;next 1

197: for I==50 to 0 by 10;cll ‘move’(10,1);cll ‘snace’ (-6)
[98: wrt 706 ,I;next I

99¢ cll ‘move (17,3);wrt 706,"SOIL TEMPERATURE FOR SITE 8°
NN cll ’.,(\\.P’(")ﬁ_'__r\_‘);,“.'.r ?l"'","'i"""}" RATURDE®

ol | . {-l ! ',..“‘\__‘?' (l“'_,"())

A TI a0y

Q

v S . = R R S ST S o Gl



-

Testing if Calculations have run for desired time

.‘,'3: llQlu:ir !"‘(!r‘;~o wlaw
B3y if #1122V sate 04"
D4: if Y[N)<Y([i)soteo "nav
\r‘: ato wnOnw
22y D
Calculation of Difference every 20 minutes
"B AYM M3 T+l-M{]])
.;: . f’!/("‘."'"‘\.\—-‘;‘?v "o L
3 s ato “ 1w
: “203%:rl13+lerl3
12 AfQ)=Bl0]-u(M{3]/20})
11: AfS1=n[8]aviv[3]) /201
1 * : 1 [RY 7GR0 , !}!‘/ns:\‘
\v’-7,-
Calculation of New Time for next iteration
] : . | n: “i‘ o3t | H
SRR ES Yari {11
B 1] - L
1 . B + l“:l‘ 11 -
. & .'i‘!3|l~|>
FS ' Mo, " " it
1h-——‘---«v_r*-'--—_ — T —  —" S




"o ae ce se ws e

.

i i - . * ' '
. This program allows the differences, previously calculated, to be plotted.
This portion plots the "surface temperature difference."
11 e '( = ."}\
a3Y - ‘\t'(?,i’ =8
cll ¢l 0 300, =4, 5)
ogh ‘yxawic ’(- ' ] )
c11 ‘vaxire (0, (el
cll ‘move’(0,0)
"G j=3 oA sl g t ', .
P oieit 2620 | ;e ¢=h+ 4} :

‘ -*A ‘ & ;. rt ) ; -
Feyr [==4 to :-.l 2 1 1 i “ \

wr SR, b

P Ea ve’ (11 £Y » vy -

13 ove (17,-4.7); "
cll ‘move’(~3,-6)
» This portion pots the "5 cm Temperature Difference".

¢ 1) em (8.5,10,11)
s=al]l ‘vsiz (T,7:1;.5)
t ¢l “sel’{0,33,-2,3)
s 1) ‘xaxis (-2.5,0;3
. cll] ’A"—"'i"(.l s Il‘\
S 5 1€ ( \'v‘
: - 1=1 ¢ scll ‘r] [T1,42);
. £ v e . (.’- . ) o . ,
H 1 ra , 2wt 7 T .
=1 [==2 1.3 & 5 $ ) ) )
: rt 706;1 xt-1
. +F 1 et e &1 P Y ey
. <y1 - (1 3 !. ,\.'

ORIGINAT PAGE IS
OF POOR QUALITY
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