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Primary production of phytoplankton in lakes has most commonly.been
studied with two methods: the .in &ifu bottle technique, designed to
.measure the integral production beneath a square meter of lake surface
(Vollenweider 1969); and incubator techniques, used to study the effect
of nutrients or light intensity on the rate of primary production.

Both methods have limitations. The .n 4.ifu method is very time-
consuming, usable only during a short part of the day; and it does not
allow accurate predictions of production on one day from data obtained
on another. Moreover, since the variations of surface light are seldom
similar on different days, it is difficult to measure changes of the
physiology. of the photosxnthetic system quantitatively.

' The incubator, on the other hand, allows one to assess production
potential at any time under comstant light intensities, but to date mno.
convenient way has been devised to relate these measurements to {in 44%u
light regimes in vertically stratified lakes in order to predict integral
primary production on a routine basis.

This report presents a computer program that can be used to combine
incubator measurements of photosynthetic potential with measurements of
vertical light extinction in a waterbody and the distribution of surface
irradiance over a day to yield an accurate estimate of daily integral
primary production. It does this by simulating a continuous {n sifu
eXposure.

In order to use the program three kinds of data are required.

The first is ‘a curve which gives the rate of primary production per unit

volume of sample as a function of irradiance. These data are obtained by



measuring the rate of primary production of identical samples at four or
more irradiances. 'For reasons given by Fee (1971), these data are best
obtained with an incubator rather than {in 4.ifu; An apparatus suitable

for this purpose is described and illustrated by Fee (1973). If the
waterbody is not vertically homogeneous, then a series of such curves and
the depth interval over which each is applicable are required. The program
assumes that there are four irradiances in the incubator. The second set

of data required is the vertical extinction of light as a function of depth..
These data'are obtained with a submarine photometer (Vollenweider 1969]).

The last set of data needed is the distribution of surface light over the
time interval to be integrated. A pyrheliometer is used for making these .
measurements., The data must be in digital format at 5-minute intervals;_the
program given by Fee (1971) is useful for converting strip chart output to
this format. All three kinds of data are used directly in the computations;
it is not necessary to fit regression lines or perform other manipulations
on the raw data. Because of this, the program is very simple to use.

The computations begin by dividing the euphotic zone of the lake
into 40 intervals. The per cent of surface light that penetrates to each
depth is exponentially interpolated from the empirical light extinction
curve. Then for the first digital value of surface irradiance, the
instantaneous amount of irradiance at each depth is computed. Corresponding
to the irradiance at. each depth the rate of photosynthesis is interpolated
from the incubator curve applicable to that depth. Numerical integration
of this vertical curve gives the instantaneous rate of photosynthesis per

unit area of surface. The entire procedure just outlined is repeated until



deﬁth integrals are obtained for all surface irradiance values during a
day. These depth integrals are then themselves numerically integrated to
give results for the entire ‘day. = A more complete description of the
procedure and demonstrationof its utility are given by Fee (1973a).

A pfogram that'perfofms-the procedure just described is given in
Appendix 1. The program is written FORTRAN IV ‘and has been tested on an.
IBM 360/65 computer. It is mot machine dependent, however, and should'
function without modification on any computer that compiles FORTRAN IV,
Card decks of the program, including the example data set given in the

appendix, will be supplied upon request.
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Appendix 1

A FORTRAN IV ﬁrogram for'cdmputing the daily rate of photosynthetic

carbon fixation beneath a square meter of lake's surface is listed below.

The input data are assembled on punched cards in the format listed below.

The format of the datum, i.e. either integer, real, or alpha, follows the

descriptidn of the datum.

Card #1:
" Col. 1-40:
Card #2:
Col. 1-2:
Col. 3-10:

The irradiances of the incﬁbator, 10 columns for each
number (real). It is assumed that there are four
compartments in the inéﬁbator. The irradiances are
listed from the lowest irradiance to the highest.

The units must be langleys (gm. éél/cﬁz)/min. in the

visible pbrtibh of the spectrum.

The number of data'points on the vertical extinction
of 1ighf curve (integef).-'

The lake name or number (alpha).

Card #3 (repeated if necessary): The depths at which transparency

" measurements were made; 10 columns for each number.

The units must be meters (real). -

Card #4 (repeated if necessary): The ffaction of surface light that

penetrates to each of the depths listed on the

previous card(s}; 10 columns for each mumber (real).



Card #t5 (repeated if necessary):

Col. 1-40: The rates of primary production at the four incubator
irradiances; 10 columns for each number (real)}. The
units must be mgC/mS.hr.

Col. 41-50: The depth (intmeters) at which this photosynthesis
curve starts to apply (real).

Col. 51-60: The depth (in meters) at which this photosynthesis
curve ceases to apply (real}. |

Card 5 is repeated if the algae are not homogeneously distributed

in the euphotic zone. A blank_gard or one with a_negativé number in
columns 1-10 sipgnals the end:pf_thig series of data.
Card #6:

Col. 1-72: A title identifying the lake and date for which the
integration is being performed (alpha).

Col. 73-80: The number of data points on the surface light curve
which follows on the next card {(integer).

Card #7 (and following as necessary): The surface irradiance values at

% J-minute intervals; the units must be langleys/min.
in the visible portion of the spectrum. There are
13 data points per card, eéch:takiﬁg 6 columﬁs (real).
To process successive data sets, that is days on which only the
surface light curve changes, repeat Cards 6 and 7.
Aﬁ example input data deck and the computer 6utput given.by the

program are given at the end of the program listing.
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MAXIMUM OF 10 PHOTOSYNTHESIS V5. LIGHT FUNCTIDNS TO. DESCRIBE
VERTICAL VARIATIONS OF BIOMASS, ‘
MAXIMUM OF 9 JRRADIANCE LEVELS IN THE INCUBATDR (ASSUMES ‘4).
MAX [MUM OF 40 POINTS ON THE VERTICAL LIGHT EXTINCTION CURVE.
MAX IMUM OF 301 POINTS OUN THE SOLAR IRRADIANCE CURVE OVER
A DAY.
MAXIMUM OF 101 PDINTS ON THE SIHULATED IN SITU CURVE (ASSUMES hl)
THE DIMENSION STATEMENTS MUST BE .CHANGED TO EXCEED THESE LIMITS.
REAL ‘LIGHT(40),2{40),IRRAD(9),21(10),22(10), PROU(9 10) :
$ 1ZERQO(301), LITE(lUl) P(a, 101) LAHBDA
UIMENSION lTITLE(ao} 22{103) :
LOGICAL TOG,TOGGLE - .
COMMON P, LITE IRRAD, TOG, DELX TDGGLE zz ITITLE
EQUIVALENCE(ILERU(l) LIFHT(l)) (|zsu0(u1) (1)), (lZERD(Sl) £1(1)),
$ (JZERO(91),Z2(1)), (leao(lnl) PROD(1,1))
COMMON /NUMDEP/ND N
c READ- IN THE IRRADIANGES OF THE INGUBATOR
C CHANGE THE NEXT STATEMENT IF THE INCUBATDR HAS OTHER THAN
c L 1RRADIANCE LEVELS. :
Nl =4
READ(5,2) C(IRRAREID, | =1, NI}
2 FORMAT(8F10.0) -

WRITE(E, 102)(!RRAD(I) [=1,N1) - .- . -
102 FORMAT(///,' INCUBATOR IRRADIANCES ‘LY/MIN) *,9F10.4) E
c SET THE NUMBER OF DEPTNS TO BE USED FOR TIE VCRTICAL INTEGRATION,

ND = KO
WRITE(G,B869) ND '
8689 FORMAT(//,' NUMPER OF DEPTH INTERVALS'—' l3)
c READ IN THE LAKE.IDENTIFIER AND THE DEPTHS ON THE EXTINCTION CURVE

600 READ(S,4,END=101) N,C(ITITLEC(1)},1=29,20),(Z2(1),=1,N}
b FDRHAT(IZ 2AL/(8F10. 0))
c READ IN THE TRANPARENCY CURVE
READ(S, IDSJ(LIGHT(I),I—l N)
105 FORMAT(BFIU oy el :
WRITE(G, 104} (ITlTLE(IJ I-19 20) (Z(I) LIGHT (1Y, 1=1,N)

. 104 FURMAT(}/,- LAkE ZAQI/( FE 2, EX,'PLRCENT IZERO =',F10.3))
DO 65 I=1,N : LT -
65 LIGHT(I) = ALOGlD(LIGHT(I))
J =0

WRITE({G,18)
18 FORMAT(//SX,' APPLICABLE DEPTH RANGE' BX,'PHUTUSYNTHESIS !
$,"VS. LIGHT CURVE (ME C/M*#3 HRYY/1X, 73(' ') i

3 J = J + 1 ' '
c READ IN THE P/ CURVE AND THE DEPTH OVER WHICH IT APPLIES.
READ(5,1) (PROD{I,J), I1=2,N1),21(J),Z2(d) :

c BRANCH ON A BLANK CARD OR ONE WITH A NEGAT!VE PRDDUCT!ON.

IF(PROD(I,J) .LE. 0. ) GO TU 85
1 FDRMAT(BFID o) -

WRITE(G,1011)Z1(), ZZ(J) (PROD(I,J),I—l NI



1011

1002

85

19

29

14

11

13

12

15
151

201
10
c
60
)

108

FURMATC' ',Fo.4,"' TO ',F9.4,' M. 1, 9F10.%)
CONVERT RATES T0 MG C/M**S MEN

Do ip02 I=1,NI

PROD(I,d) = PROD(I,J) /G0,

GO TO 3 :

IM = Z22(J-1)

K=1 .

L =1

WRITE(6,19)}

FURMAT( 1'///"' THE VERTICAL STRUCTURE OF THE PHDTOSYNTHETIC SYSTEM
$'/°7 (INTERPOLATED FROM THE INPUT DATA):'//' I
5 5X,T/', 4%, "DEPTH', ux,'/FRAcrlon [ ZERD /', 2%,
$ 'PRODUCTION/LIGHT CURVE(MG C/M**3 MIN)I'/1%,78('="))
706 = FALSE. T
NK = -ND + 1

THE INTERPOLATION LOOP STARTS HERE.

DO 10 I1=1,NK

ZED = ([~=1)*ZM/ND

IF(ZED JLE. Z(N )) GO TO .14

EXTRAPOLATE TO GET THE PERCENTAGE LIGHT

IF(TOG) GO TO 28

TOG = .TRUE.

SLOPE =({LIGHT(K=1) = LIGHT(K=2})/(Z(K~1)=Z(K=2))
AINTER = LIGHT(K-2) - SLOPE+Z(K-2)

LITECSY = (10.*»(SLOPE*ZED + AINTER))}/100.

GO 70 10

INTERPOLATE THE PERCENT LIGHT VALUE

IF(ZED .GT. Z(K)) G0 TO 11

LITE(I) = (10.%%=LIGHT(K))/100D,

GO TO 12

IF(ZED LT, Z(K+1}) GO 70 13
K=K+1

IF(K .LE. N} GO TO 14

GO TO 31

LITE(I) =(10.%={LIGHT(K+1) - (2(K+1) ZED}« (LIGHT(K+1)~LIGHT(K))/
$ (Z{K+1)-Z(K))))/100.

INTERPOLATE THE PRODUCTIVITY CURVE APPLICABLE TO THIS DEPTH.
IF(ZED .GE. Z1(L) .AND. ZED ,LE. Z2(L)) GO TO 15 :

L=1L1L+1 L

GO TO 12

DO 151 IK=1,NI

POIK, 1) = PRODCIK,L)

WRITE(6,201) ),2ED,LITECI), (P(J,E),d=1,NI)
FORMAT(13,2F15.4,2X,9F11.4)

Z2{1) = ZED
READ |N THE SURFACE LIGHT CURVE : :
READ(5,6,END=101) (ITITLE(I),}=1,18), N, (VZERO( 11, I=1,N)

FDRMAT(lsAu,ls/(13F5.3))
WRITE(G,106) (ITITLE(1),}=1,28), (1ZERO(!l),i=1,N)
FORMAT('1',///." SURFACE I|RRADIANCE (LY/MIN) FOR ',18A4,5%,



5 /{10Fa.3)) o
c THERE MUST BE AN ODD NUMBER OF POINTS FOR THE |NTEGRATION.

IFC{N/2)*2 .NE. N) GO TD 76
‘N =N+ 17 - S

IZERO(H) = 0.
76 DALY = 0.
c CHANGE THE NEXT STATEMENT 1F THE TIME INCREMENT BETWEEN DATA
c POINTS ON THE SULAR 1RRADIANCE CURVE 18 OTHER THAN 5 MINUTES.
LAMBDA = (N-1)=%5,
TOGGLE = .FALSE. -
TOG = .FALSE.
KK = N-3
c DO THE INTEGRATION OVER T]ME OF THE DEPTH INTEGRALS.
- b0 50 1=2,KK,2.
50 DALY = DALY + 4, *DEPTH(lZERU(I) h ) + 2. *DEPTH(IZERO(|+1);2.J
DALY = ZM*LAMBDA*(DEPTH(IZERO(I) 1.) + DEPTH(lZERO(N) 1.} +
$ 4 ,*DEPTH(I1ZERO{N=-1),4,) + DALY)/(Q *ND*{N=-1)) '

TGG = .TRUE.
A = LAMBDA/(3.+(N-1))
c THIS 1S A DUMMY CALL TU QROD TC OBTAIN THE DEPTH PROFILE

A = QROD{0.,0,A)
WRITE(6,52) DALY
52 FURMAT(//' DAILY INTEGRAL PRIMARY FRUDUCTION =! ,E15.4,
$ ' MG C/Mwxx2, DAY'/)
©.- GO TV B0 .
101 STOP
END

REAL FUNCTION DEPTH{I1Z,TF) .
c SUBROUTINE DREPTH GIVES THE DEPTH INTEGRAL FOR A VALUE UF I ZERD.
REAL 1Z '
COMMON /NUMDEP/ND :
IF(1Z .GT. §,001) GO TO 1
DEPTH = 0.
RETURN
1 SUM = 0.
NN = ND - 2
DO 2 I=2,NN,2
2 SUM = SUM + 4.*QRODCIZ,1,TF) + 2.*QRODCLZ,1+1,TF}
DEPTH = SUM + QRODCIZ,1,TF} + QROD(IZ, ND+1,TF) + 4.+QROD{IZ,ND,TF)
RETURN
END

REAL FUNCTION QRODC(IZ,!,FACTOR)
c SUBROUTINE QROD GIVES THE PRODUCTION RATE AT THE {RRADIANCE ZI.
REAL ZI,1Z,LITE(101), IRRAD(9),P(9,101)
LOGICAL TOGGLE, TOG
COMMON/NUMDEPR/ND , NI
CUMMON P,LITE, IRRAD,TOG,DELX, TOGGLE ,XZ, ITITLE
INTEGER ITITLE(20),1BCD(2)



51
50

[ ¥y

10
12

11
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EQUIVALENCECIBCD(L), ITITLE(L9))

REAL CURVE{IL03),ZZ(103)

IF(TOG) GO TO 10

IF(TOBGLEY GO TO 50

THIS 15 THE FIRST FIHME THROUGH THE SUBRUUTINE 50 INITIALIZE CURVE.
TUGGLE = .TRUE. : :

NK = ND + 1

DU 51 J=1,NK

CURVE(J) = 0.

ZI = 1Z*LITE(L)

TEST TO SEE WHETHER Z1 1S GELUW THE LOWEST INCUBATOR (RRADIANCE
IFCZE .GT. [RRAD(L1)) GO TO 3 )

A= ZI*P(1, 1)/ 1RRAD(L)

GU TU §

IF 2! ,GT, THE HIGHEST INCUBATUR IRRADIANCE, COMPUTE INHIEITIUN
[F(Zt .LE. [RRAD(NI)) GO TO &

A= (ZI - ITRRADCNT) )/ (L 5= 1RRADINE D)

A= PINT,1)*{1.-A%A)

IFCALLT.0.)A = 0.

GU TU 8

INTERPOLATE TO GET PRODUCTION RATE..

J = 2

IFCZI.LE, IRHAD{J}) GU TU 5

g o= J + 1

Gu TO &

A= (PG, 1)-PUJ=1, 1))/ CIRRAD(J) =1 RRAD(J=-1)) I *{(Z 1= RRAD(JII+P{J, 1)
QROD = A :
CURVE{ ) = CURVE{!) + A*FACTOR

RETURN

DO 12 1=1,NK

CURVE(I) = FACTUR » CURVE(I
WRITE(G, 1101, 2£¢1),CURVE(!
FORMAT(//" THE PIHOTUSYNTHES
S7X, MG C/ulx*3 DAY /1X,48('-
Qiop = 0.

RETURN

END

S=1,HK) .
S/DEPTH CURVE IS:'//' ' t', 20X, '"DEPTH',
1 _ S

)
}
I
! Ih,5X,2F20.4))



- 11 -

THIS IS AN EXAMPLE DATA SET THAT MAY BE USED TO TEST THE PHUGRAM.
THE FIRST LINE 1S NOT A DATA CARD BUT RATHER INDICATES THE‘
COLUMN IH WHICH THE DATA ARE PUNCHED ON THE CARDS.

12345678901234567890123456789012345678901234567890125456789012305678901234567890

0.0041 0.0098 0.0322 D.1120
29 228 21.7.72

0. .25 .5 1. 2, 2.5 3. 5.

5. 6. 7. 8. 9. o 10, ©o11. 2.

13. 14, 15. 16. 17, 1s. 19. - 20.

21. 22, 23. 2y, 25. ' j o

100. 94, 8. 80. 52. -~ 55, 50, b4,

36, 28. 22, 18. 14, iz. 7 10 8.4

7.0 5.8 4.6 3.8 3.2 - 3.0 2.6 2.0

1.8 1.6 1.4 1.2 1.0 - - :

0.362 0.289 0.5497 0.363 0. .5

0.140" 0.279 0.452 6.614 .50 2.

210 430 LG5 A2h 2. 3.5

180 .354 466 412 3.5 - 7.5

.195 415 .505 Y 7.5 15,

.209 371 378 .281 15. - 20.

=100, o ] A '
JULY 21, 1972. L 228(TEGGAU) TEGGAU MET SITE. ' .49

0.0 0.084 0.156 0.204 0.099 0.145 0.253 0.098 0.003 0.005 0.054 0.019 0.047
0.1454 0.235 0.248 0,174 0.131 0.085 0.094% 0.019 0.002 0.006 0.005 0.032 0.008
0.005 0.00% 0.002 D.007 0.008 0.073 0.172 0.125 0.015 0.089 0.137 0.125 O. 130
0.120 0.101 0.120 0.125 0,117 0.164 0.1h4°0.181 0.04LD 0.026

THE OUTPUT GENERATED BY THE PROGRAM FOLLOWS ON THE NEXT PAGES.
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+

INCUBATOR TRRADIANCES (LY/MIN)  0.0041  0,0098  0.0322 . 0.1120

NUMBER UF DEPTH INTERVALS = 40

LAKE 228
L= 0.0 PERCENT |ZERO = 100.000
Z = 0,25 PERCENT IZERCQ = 94.000
Z = 0.50 PERCENT |ZERO = B8.000
Z = 1.00 PERCENT |ZERO = 80.000
Z = 2.00 PERCENT |ZERO = 62.000
Z = 2.50 PERCENT |ZERGO = 55.000
Z = 3.00 PERCENT 1ZERQ = 50.000
Z = L.00 PERCENT IZERQ = Wy, 000 -
Z = 5,00 PERCENT 1ZERQ = 36.000°
Z= 6.00 PERCENT I1ZERD = 2B.00G0
L= 7,00 PERCENT [ZEROQ = 22.000
L= 8.00 PERCENT {ZERD = 18,000
L= 9.00 PERCENT I1ZERO = 14,000
Z = 10.00¢ PERCENT 1ZERDQ = 12.000
Z =11.00 PERCENT IZERO = 10.000
Z=12,00 PERCENT I1ZERU = B.400
Z = 13.00 -PERCENT 1ZERU = - 7,000
Z = 14.00 PERCENT I1ZERU = 5.800
Z = 15.00 PERCENT IZERD = L.600
Z = 16.00 PERCENT IZERU = 3.800
Z = 17.00 PERCENT I1ZERD = . 3.200 .
Z = 18.00 PERCENT [ZERD = 3.000
Z = 19.00 PERCENT IZERO = 2.600
Z = 20.00 PERCENT JZERD = 2.000
Z = 21,00 PERCENT [ZERO = 1.800
L = 22,00 PERCENT [ZERD = 1.6090
Z = 23,00 PERCENT |ZEROD = 1.400
L = 24,00 PERCENT [ZERUQ = 1.200
Z = 25,00 PERCENT [ZERO = 1.000

APPL!CABLE DEPTH RANGE PHUTOSYNTHES1S VS. LIGHT CURVE (MG C/M¥#*3. HR)

0.0 TU 0.5000 M. 0.3620 0,2890 0.4970 0.3630
0.5000 TO 2.0000 M. 0.1u0n 0.273D 0.4520 0.68140
2.0000 TO 3.5000 M, B.2100 0.4300 0.4650 0.42L0
3.5000 TO 7.5000 M. B.1800 0.3540 0.4%060 0.4120
7.5000 TO 15.0000 . . g.196u 0,4150 0.5050 0.4480

15.0000 TO 20.0000 WM. 0.20%0 0.5710 0.3780 0.2810
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THE VERTICAL STRUCTURE OF THE PHOTOSYNTHETIC SYSTEM
(INTERPOLATED FROM THE INPUT DATA):

[T-R- SR RGBT LN

e e e
WO E NS

WIH AW MWW W H W W W R M MR N RN D DR MR
e~NoOWMFHMNHEOREeESOITUVEWNEOWUom

= &=
—_o

/ DEPTH

0.0 -
0.5000
1.0000
1.5000
2.0000
2.5000
3.0000
3.5000

L. 0000

4.5000
5.0000
5.5000
6.0000
6.5000
7.0000
7.5000
B.0000G
B.5000
9.0000
9.5000
.10.0000
10.5000
11.0000
11.5000
12.0000
12.5000
13.0000
13.5000
14,0000
14,5000
15.0000
15.5000
16,0000
16.5000
17.0G00
17.5000
18.0000
ig.5000
19.00600
19.5000
20,0000

/FRACTIUN YZERO /

1.0000
0.8800
0.8000
0.7043
0.6200
0.5500
D.5000
0.4690
0.4400
0.3980
n.3600
0.3175
0.2800
0.2482
0.2200
0.1930
0.1800
0.1587
0.1400
0.1298
0.1200
0.1085
0.1000
0.0817
0.0840
0.0767
0.0700
0.0637
0.0580
0.0517
0.04GO
0.0418
0,0380
0.0349
0.0320
0.0310
0.0300
0.0279
0.0260
0.0228
g.0200

PRONDUCTION/LEGHT CURVE(MG C/M»*3,MIN)

et T T e AR e R e 4 G 6 A8 i A A N e e .

0.0060
¢t.0060

" 0,0023

0.0023
0.0023
0.0035
0.0035
0.0035
0.0030

©0.0030

0.0030
0.0030

0.0030 -

0.0030
0.0G630
0.0030

. 0.0033

G.0033
0.0033

~0.0033

G.0033
6.0033

' 0,0033

0.0033
0.0033
0.0033

. 0.0033

0.0033
0.0033
0.0033
0.0033
0.0035

7 D.0035
S 0.0035

0.0035

“0,0035

0.0035
0.0035

"0.0035

0.0035

0.0035

0.0048
0.00u8
0.004G
g.00u46
0.0046
D.0072
g.0072
0.0072
0.005%
0.0059
0.0059
0.0059
0.0059
0.0059
0.0059
0.0059
0.006%
0.0069
0.0069
0.0069
0.0069
0.0069
0.0069
0.0069
0.0069
0.006Y9
0.0068
0.0069
0.0069
0.00663
0.0069
0.0062

0.0062

0.0062
0.0062
0.0062

0.0062

0.0062

0.0062

0.0062

0.0062

0.0083
0.D0D83
0.0075
0.0075

0.0075
©0.0077

0.0077
0.0077
D.0078
0.0078
0.0078
0,0078
0.0078

- 0.0078

0.0078
0.0078
0.0084

0,008k

0.008%
0.0D84
0.008%

0.0084
" o.o08h

0.00Bk4
- 0.0084

0.0084
0.0084
0.0084
0.0084
0.008%4
0.008%
0.0063
0.0083
0.0063
0.0063
0,0063
0.0063
0D.0063

.0.0063

0.00G3

0.0063

0.0060
0.0060

0D.0102

0.0102
0.0102
0.0071
g.0071
0.0071
0.0D69
0.0069
0.0069
0.0089
0.0069
0.0069
0.0069
0,0069
0.0075
0.0G675
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0075
0.0047
0.0047
0.0047
0.0047
D.0047
0.0047
0.0047
0.00L7
0.0047
0.0047



SURFACE [RRADIANCE (LY/MIN) FOR

0.0

0.0654
0.019
0.008

0.101

0.08Y4
0.019
0.002
0.073
0.120

0.156
0.047
0.006

. 0.172

0.125

0.20h
0. 1hb
0.005

0,125
0.117
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JULY 21, 1972,

0.089
0.235

0.032

0.015
0.164

THE PHOTOSYNTHESIS/DEPTH CURVE 1S:
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DAILY INTEGRAL PRIMARY PRODUCTION

0.
T 0.
1.
1

2.
2.
3.
3,
.
h.
-5I
5.
6.

" B
7.
7.
N
8.,
9.
gl
10.
10,
1l.
11.
12.
12,
13,
13,
1h.
1k,
. 15,
15,
16.
16.
17.
17.
18.
18,
19,
19.
20.

DEFTH

0
5000
0000

.5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000 -

5000

0000

5000

0000

5000 .

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

5000

0000

0. 145
0.2438
0.008
. 0.089
0.1y

MG C/M**S DAY

—--———-_..._-_-.-.._----—....—-—-—_...--...------—.....u_——--—-—-

‘;1 h277
1.4497
1.7872

1.7283

- 1.6677
-l.4882
. 1.4787
1.4699
1.4077

. 1,3979

1.3868
1.3678
1.3451
1.3183
1.2810

 1.2456
1.3492

. 1.3083

1.2700
- 1.2h70
-1,2222
- 1,1816

C1.1573

1.1198
" 1.0846
C1.0811

. 0.9888
. 0.8305

. 0.8721
0.8011
0.7339
0.6736
0.6301
0.58917
0.5538
0.53394
0.5252
0.49k45
0.4642
0.4126
0.3656

0.2121E 02 MG C/M*%2,DAY

L 228(TEGGAU)} TEGGAU MET SITE,

0.253

0.174
0.005
0.137
0.181

. 0.098

0.131
0D.009
0.125
G.o0LO

0.003
0.085
0.002
.130
0.028

0.005
0.034
0.007
0.120





