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ON THE COVER - The area of the heavens around the Orion Constellation,
shown in the cover photograph made through the 120-inch telescope of the Lick
observatory, is also the region of observations with an infrared telescope de-
veloped by University of Minnesota astro-physicists. The infrared sensory equip-
ment reveals stellar bodies that could not be studied by conventional telescopes,
and it is expected to provide data on the birth of stars.
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FOREWORD

" This report covers the first twelve-month period,
1 July 1972 to 30 June 1973 of support under NASA Grant
NGL 24-005-263. The purpose of this project is to foster
and devélop new applications of remote sensing under an
interdisciplinary effort with the general title "A Study of
Minnesota Forests and Lakes Using Data from Earth Resources
Technology Satellites." The following five reports reflect
the progress recently feported prior to this date and the
work proposed by new investigators for the coming year.
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"Remote Sensing in Lake Superior Studies.”

Investigator: Dr. Michael Sydor
- Department of Physics |

The surface water tran5porf-in the extreme western arm of Lake Superior
is charascterized by a localized surface current loop,l and a general eastward
transport of the surface wager out of the arm along the south shore of the
lake.2 This is accompanied by a cold water upwelling along the North Shore
of Lake Superior. Our activities in the summer of 1971 and 1972 supported
under a NASA Remote Sensing Program were concerned with the investigation of
the transport processes at the tip of the lske in greater detail. Our p;oject
is a part of the continuing Lake Superior Studies at the University of Minne-
sota. The results of our water currentrmeasurements, and the messurements on
thermocline sctivity at three stations_located along the northern shore of
Leke Superior from Knife River to Duluth, show that the bottom currents have
a prevailing nértherly rection at station 1, Fig. 1, dispiaying a broad =area
of ﬁpwelling south of Knife River. A well defined current pattern, somewhat
smaller than anticipated from_prgvious studies by T. Olson and T. Odlaugl
developes in the area between the upwelling and Duluth. The upwelling serves
as a turn around path for the cell currents. The curreﬁt pattern was investi-
.gated using water current and temperature profile measurements in conjunction
with ERTS Satellite data. It was found thaf an eddy loop-developes near Duluth.
because of warm water pileup at the tip of the lake. The circulatioﬁ pattern
associated with the warm wa£er cell displays a characteristic feature iﬁfluenced

by the winds and the depth of the cell. The circulation persists until the warm

- water is driven out of the area.

1. Lake Superior Studies, T. Olson et al, Minnesota Public Schbol of Health.
2. Charles E. Adams, Jr., Proc. 13 Conf. Great Lakes Res., (862-879) 1970.



The knowledge of the summertime current patterns is impoftant in that

these cﬁrrénts are responsible for the sweeplng sut of the polluted vatefs
near Duluth., The water cur£ents tend to disappe=ar in the winter, particulerly
with the development of ice cover on the leke, causing accﬁmulatipn of poliuted
‘watersrfrom the St. Louis River at the tip of the lske. This situation is
potentially hazard;us since three water intakes are located in the afea.
Little information, even of qualitativelnature, was avail&ﬁle 6n ﬁhe win%er
water trensport in the leke. The winter currents werevvery low anﬁ were dif-
ficult to measure on account of the lack‘of safe ice cover. Thus other'methods
for determining the winter transport had to be establishéd. Since the water
quality parameters for the St. Loﬁis River are considerdbly-differént from

- those of Lake Superior, and the water quélity_at the Cloqﬁet.vater intake
located 2 miles off shofe at the tip of the lake, could be monitored on &
continuous basis, wé-deqided to use the propegties of the river water tp i-
dentify suitable parametérs for measurements pf the ré£e of ;ccumulaiibn of
the effiuents under the ice. For this purpose, we-had to exanmine the\prop-
erties of the river water end its transport iq the bay area first. Such data
for the winter months was unfortunately nonexistent; thus we had to extend

our measurements to the Duluth-Superior harbor area. The resulfs of our
studies give the yearly veriastion in water quality parameters for St.,Loui§
River, indiéating that the electric conductivity, transparency and dissolved
oxygen could.well serve as effluent tfacers. These parametér; ﬁere subse—
quently used to measure the effluent eccumulation at the Cloquét water in-
take during the time of ice cover on the lake. Some results for measurement

of ice cover are also discussed, including a prediction for ice breakup in



thg harbor. We were also intolved in evaluation of an. experimental bubbler
system installed in Decemuar 1972 near the Buperior entry to the leke, Only
some of the datz for the past year is presented here, sufficient we hope to
serve as a progress report justifying our support from NASA for this progran,
end our subsequent request for manned aircraft remote sensing data for our
~erea. Consideration for the practicél aspects of our in#esfigation to the

-~

community is outlined as required by the contract.
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Results and Discussion

A series of temperature and water velocity profile measuréments vere
pade from July 25 to September 15, 1972, at the three stations located in
the extreme western arm of Lake Superior to.determine the nature of currents
at the tip of the lske. Temperatures were measuréd using pressure pperated
bathythermograph usable down to 200' and thermistor probes for entire temp-
erature profile. Water currents were méasured using wand type current meters.

From the end of July until August 9, no pronounced steady stratification
took place. A series of‘days with variable winds produced, under the in-
fluence of N.E.'windﬁ, wvarn water pileup at the tip of the lake, which was
subsequently driven out by'westerly winds. Considerable mixing took plaée
in that beriod of time as shown by fhe temperature profiles taken at statioﬁ
#1 off Knlfe River for August 1-T, Flg. 2. Cold vater near the shore was
often eloser %o the surface 1ndicat1ng presence of upwe111ng. The currents
below ﬁhermocllne at station #l often pointed due north at speeds & 2 cm/sec.
These seemed to be characteristically present at Station #1 through August
snd September,. The.upwelling diminished for timeé_of prolonged N.E. winds.
This broad area of upwelling off Knife River tends to coatain ﬁhe warm
water cell developed at the tip of the lake. Such wa5'£he case for August
9 data when a distinct stable stratification develdped afterwthe prolonged
H.E; vinds for August 6-8. The teﬁperature profile for the day Fig. 2, .
shows the stratification'with slight upwelling detected by comparing the
temparature profile for points 1 and 3 miles off shore. The accompanying
thermocline activity Fig. 3 was characterized by ihternal waves which had
a rather regu;ar v 50 min. period, Fig. 3. The crest of the wave was calcu-

leted to be ~ 10 ft., using the témperature profile taken at the time of the



crgst of internal wave and at_the slack time. The water §elocity at. depth
below the thermocline was ~ 1 ém/sec. due N.¥W. The surface water velocity
was towards west at &~ b cm/;ec.

The ERTS image for August 12 shows the turbidity pattern for the period.
The turbidity resglted from the lakg bottom metivity develéped'dﬁring the
N.E. winds. The turbldity pattern indicates an eddy ﬁurrent a# the very‘tip
of the leke as shown in Fig. % and 5. This fype of current pattern prévailed
in the area from then on into August and September, and was verifieé with the
current measurements at the étations. Tﬁe stratification seen on. August.g,
per31sted for August 11 though on that day the thermocline act1v1ty (Fig. 3)
was not characterized by regular internal surges, but showed a steady shift
in thermocline, es the cell deepened. Subseguent easterly Vlnds gausad an:
~even further stratification as shown by temperaturé-records-from August 11
-to August 28 - Considerable preciplitation occurred in mid-August, causing
extensiVe turbldlty plumes from the rivers. The edge of the turbldlty plume
off Kn1fe River, on August lT, was v T of amile aWay from the shore. The
transparency profile of pluma measured using a homemada transparency meter
(20 cm. light path, broad sensitivity peaking at 6000 ) shows that the
plune edge consists of a tongue of ~ 10 ft. layer of tu;bid water riding‘
up on top of the upwelliﬁglwater, Fig. 5. {Secchi disc transparenecy on fﬁe
élear side of pluﬁe waéjES ft., while inside tﬁerpiume it was 2.5 £t. 'The
. plume deepened as the shore was approached, présuméﬁly ffom'séftling of
coarser material., A pressnee éf 2 separate shalloy warm water layer is
seen in teﬁperaturé profile at Station #1 for Augﬁst 1T and for Augusﬁ 23,

vhere it is still discernible but somewhat obscured by a much deeper leyer



of werm water which was driven in by prolonged easterlﬁ winds following a
torrential rain for August 20. The edge of this warm water bounded the
region of the upwelling and oisplayed long Langmuir cells running parailel
to the shore for one to two miles. The winds were consistently easterly
until August 27. The profile for August 28 (Fig. 6), shows the strati- '
fication st the and of the month. ERTS data for Augusf 30 agaln shovws =
well defined eddy loop quité similar to the August 12 pattern. .Tho winds
were vésterly for the day, and the upwelling along the North Shore was
pronounood as shown by the temperature profiles.  Water velocify profiles
are shoﬁﬁ for August 30 znd Sepiember 1. ERTS records of the turbidity .
pattern confirmed the direction of'the measured éurface flow. A comparison
of temperature for a given stetion on thése two days shows that the cell of
warm water was still confined to the tip offthe‘lake by:tﬁe_upwelling. The
-eddy current persisééd further into the segson‘in'spite of westerly wiods, |
but the cell became shallower as the warm water was transported out of the
area as indicated by temperatures for September T-12. The eddy curreot ‘
was again evident in the October 6 ERTS image, due to the prolonged easterly :
| winds late in September and early October. The November 29 ERTS imaege shows
that the loop current disappears altogether in sgreement with the wind data
| whioh showed 4 days of strong westerly wiﬁds prior to the daylthé iﬁage vas:
téken. Ko temperature profile records ore availasble past Seﬁtemher lh

The data to date, tentatlvely esteblished the general neture of the
sunrner-fall currents at the tip of the 1akﬂ More stations are naedesd to
measure the water velocity at sufficient number of points necessary for an
| analytical treatment of the transport. The proposed stations for future

studies are indicated in Fig. 1.
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Wintertime Studies

- To study the wintertime water_?ransport in the area, through tracing

. - * ]
of effluents, it was first necéssary t6 establish which paresmeters were
suitable as tracers.. It wag also necessary to examine the transport process
within the Superior Bay itself, as the water guality parameteré in the bay
are influenced by lake water surging into the.bay through the eﬂtries.
Chemical analysis of samples would be the most reliazble method for tracing
the effluents. Unfortunately it quickly defeats any éttemptlat extensive
measurements since the chemical analysis is tedioué. Ve thus spent our effort
- on identifying the parameters which.cculd ﬁe suitable for relstively quiqk
nmeasurements of conéantratioﬁ of the effluents in the 1ake. .Figures 12-19
show the fesults for some of the water quality paraméters measured on weekly
basis for the year 1972. They indicate the expected correlation between
suspended solids and turbidity, both showing the spring ruanf'effects. The
temperature measureéents indicate considerable inflow of lake water into the
Duluth:harbor area in May end Juné, Figure 16. The N.E. winds kept‘the ice
cover ai the tip of tha leke until June 9, 1972.--The turbidity genéfally-
dropped for the winter months when considersble settling occurred. Pro-
nounced stratification with depth occurred es a result of settling of pol-
‘lutants in areas where industrial dumping'fakes place. Drop in the dissolvéd
oxygen at the bottom of the shipping channei was much greater than indicated
: in.the seasonal vériation shown in Pig. 15, vhich peftains to water values st
5 ft. depth. Tab;e 1l in Figure 20 shows an exampie*of chemiqai enalysis for
the surfece and the botiom water in the chennel. Figure 21 shows the.map of the

bey area. The suitable tracing pérameters were established to be the dissolved
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oxygen, the électric conductivity,'thg turbidity and water color or
transparency. ﬂA'meter is being devised for quick quantitative measurement

of the last paremeter in situ. Figure 22 and 23 show the results for those
parameters at the Cloquet inteke. The times of poor water quality are
evident from the graphs. To interpret these events, we cénsider how the
water qﬁality at thé intake could vafy; by exémining the Table in Figu}e 2h.-

The natural storm activity should inérease turbi&ity, conductifity andl
color, but not the dissolved oxygen since lake water is sgturated with dis-
solved oxygen. Presence of the effluents in the laké water should on'the'
other hanﬁ be characterized by an increase in ccnductifity and colof and a
decrease in dissolved oxygen leaving the tufbiditj relatively unchanged sincé
‘effluents are relativelyllow in turbiﬁiiy. Figufe 22 and 23 show both typeé
of eveﬁts. It is seen that the latter type of event is displayed for the
pgriod of durable ice covér on the lake in late February. Odor in the lake
water was detected at the same time. Pronounced odor characferiﬁes thé bay
vater.' Lzke water at other intakes was odor free. .Temﬁerature profiieiof
the lake ruied out turnover. It is thus ientatively propoéed, based on data
:shown in Figures 22 and 23, that cause of odor in late February 1973 at the
Cloquet intake was due to 5t. Louis River effluentsﬂ' Chemical tracing fof
next year should establish this better. .

So far ERTS images for spring break-up are not available.. It is hoped
thet subtle chgnges in images due to water éoior cansed by‘the accumuiated
effluents can be discerned from the remoie sensing aata taken oﬁ days when.
the ice cover just begins to move out of the lske tip area.' Should this be;.

possible, an estimate of the extent of effluent accumulation could be made.
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Such information would establish the location of‘ crucial sampling stations.
The remote sensing data supplemented by sampling measurements these points
will allow for calculation of the transport coefficient for effluents in

‘the lske. ZExtensive sammpling could slso do the job, hovever it would be.
.pz.'ohibi‘tive because of the large area f.ﬁat would need to be covered if the key
sampling stetions could not be predeterﬁiued. .This year the safe ice cover

" lasted too short a time to collect sufficient dé.ta. on sampling ’basis to

enslyze the wintertime concentration of effluents, et points other than

the Cloquet intsake.
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Hap Iocation
Date

Sample Time
Temp C°
Turbidity

Color

Dissolved Solids
Susp. Solids

FPh

BOD

COoD

. Hardness
Alkali;;ty
Cholorides
Sﬁlfates
Phosphates
Specifie Conductance

D.0O.

5! Depth

Barkers Island

2-15-13

2 P.M.

o%c

T J.7.U0.

80 Color units
175 mg/l

3' 8 n

6.88 "

' 3. TO "

68.4 "
72 "

Gh " ]

10 "

13 l 1]}
0.25 "
92'11 :ﬁhos/cm
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25" Depth

Barkers Island

" 2-15-73

2 P.M.
0.9°¢
8

120
184
6.0
6.78
8.30

-2

6L
10.5
16
0.16

125 u mhos/em

0 p.p.m.
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Table IT
Hormal Values for Water Quality Paremeters .

Clean Water Values Winter Values =zt

et Cloouet Intake ) Superior Bay
Turbidity . 2 o 6 JTU
Specific Gonductance (st 1.5°C) 55 120 u mhos/cn
Color . o ' 3 - 300 Color units
Dissolved Oxygen : o 11 ppm ‘ - 2 ppm

Calibration of Conductivity Probe VSI 33 S.C.T.

KC1 Solution . Temp. | Probe Standard

.0005 m 23% o 75 w mwhos/em  T73.9 p nmhos/em
001 m - 2400 140 u mhosfem | 1h5 ;u mhogfcm
.01l m 21°¢ 1370 m mpbs/czg 1408 u mhés/cxﬁ 7
Lake Water Station #1 (150 ft. depth) 967'.1;7mhos/cm st 24°% (old semple)
Recent Cloquet Intake  sample ‘ o 95 u mhos/em  at 2h°c
F. W. Q. Lab Intake ' | _ | 5% u mhos/em  at 1.8°C

Fig. 2k
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Ice Growth for Superior Bay

1) Formation: The problem of formation of first ice may de sepafated ]

into two periods. Tﬁe first is the cooling of the body ol water

to sn isothermal state. The second is the coéling of the surface
water from this isothermsl condition (v 4°C) teo 0°C, and formation

of a solid‘icercover of v b in. The figure h'in.'was chosen be-
cause once that thickness is reached, onéhis feirly assured that

the cover is permanent. Experimental evidence shows that once tha
surface reaches Oo, the first b in. of ice form very rapidly. For

the first stage of cooling, Newton's Law of Cooling may be aﬁplied.*

gt = K(Te-Ty) , , _
where T, = H20 surface temp.
Tq = air temp.
k = Constant of proportionalit;
t = tine |
dr, + kT dt = kTydt
e¥tar, + xeFtr gt = kST at
or d(Twekt) = Tad(ekt)
Integrating from t = t, to t =ty ,
bt t=tn - f raa(e’t) let T,{t ) =1
_ t=tys ¢ n n
. 0
T lte) = 14

# M. A. Bilello, Ice Prediction Curves for Lske and River Locations in Canada.
U. S. Army Command, Hanover, New Hampshire. July 196k
B. Rodhe, On the Relation Between Air Temperature and Yce Formatlon in the
Baltie, Georgrafiska annaler, vol. 3h, p. L75~-202,
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t
n
Tnektn - 1gefo = f Tad(ekﬁ)
. t,

t
. s
T, = roe“h(tn‘to) + e~Ktn f Tad(ekt)
iy b

Write integral as a sum by bresking (t,,t;) into n’ equal short

intervals, At = 1 day

n
= toeKltnto) 4 Ktn gy p (KEv_ckbv-1)

n
v=1

where T, = Ave. value of Ty on t?~l to {v ’

i.e., T L

v =or ] Teltlat (At =t g )

tya

n o ' B :
- Toe.-k(tn-to) P [e~k(tn=tv)_o-k{tn-tv+at),
' v=1 ’ '

. = Toe—k(tn-tO) + (1-e~KBEY & Tve-k(tn_tv)

n
v=1
Selecting the period lerge, tn-to >>1,

roe“k(tn‘to) =0. T

To obtain a formula of iteration, replace t, by tpoqe

=kA
k4t e k t)T

P )

n

or 1= 1oy + (e (Tpm1s )
t; 1s-an "adjusted air temp.”

Now the value of (1-¢7%%%) wes found by ﬁfigl and e%rér such that

T, = k° for n = no. deys from stérting poinf for TV. to.reach 19,

The starting pt. was July 1 {any day several.months before freeze-

over would do) aud 15 was teken to be the average temperature for the
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month of June. This was done on computer and found that

(l—e‘kﬁt) = ,99 for the Superior bay. (fhis figure has

not yet been calculaéed for the lske.)} It was assumed here

that this atmospheric heat exchange was not affected by
~winds and currents. When the bey has become isothermal,

the water surface temperature will be much more sensitive

to sir temperature. It ‘has been found experimentally thaﬁ

the fbrﬁation of éolid ice cover occurs after a set number

of accumulated degree freezing days, (32°F base temp. ) be-

ginning from when the body is isothermal.t This experimentai,

fact may be rationalized by assuming that during this second |
cooling stagze the lake-water surface temperatufe is close to

32°F, a.ndltize rate of heat loss is proportional to (T,-32)°F,
ﬁhgre Ty, = &ir temperéture (°F). This figure was 130 accumulated
B degfee‘freezing days for the bay (Dﬁluth—Superior). Using thé

" pigures (1-e"58%) and 130 ADFD celculated from 1972 dsta, the
fonnation‘of s solid ice cover was pfedicted within three days

for the years 1969, 1970, and 1971l. The temperatﬁres used in
these predictions were the actual temperatures recorded, bﬁt in
practice one would use actual températureé up to the Aay the forcast
is made, énd then use forcasted and average-temferatures after that.
Thus one would be &ble to increase the accuracy of the forcast as
each daily average tempergture is recoraed; This shoulﬁ a2liow for-
casting freeze-over {to within five days) sbout two months (or more

in advance.

t G. P. Williams, "Correlating Freeze-up and Break-up With Weather
Conditions" Cenadian Geotechnical Journal. Toronto V. 2, ¥k 1965,
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Grom‘,h:r There are two mé,jor types of ice growth,l black ice, which
is formed from the freeziné of lake water, aﬁﬁ wvhite ice, which is
formed from the freezing of slush on top of the black ice. The a-
mount of black ice (as a Punction of time) may be shown to be pro-
portional to the squere root of ADFD {accumulated degree freezing

deys). Consider a unit area of ice, thickness x.

- - ax d(T-—T)'m '

1. ~ at (7-T,)

X . ‘

Lr dx | Lef.'E% - ;;_(Ti-T) = ky(T-T,)
1 ﬁqk |

vhere kl, k2 are constants.

x_ &
k

L 1oax
ldt k., d&

e = (T3-T) + (2-T,) = 7,-T,

1

*Eé' dx = (Ti"Ta)‘dt

- ax +
Xy

X=8 ' t=t”

f =4 5—) dx = (r.-T_)at L
X=0 {kl k2) £=to 18 , : Vo

vhere x{t°) = S (the ice thickness is § at t=t”) and t, is taken as

the first day where ADFD(t) stsys positive.

s?2 s }' ( )
-t o= T.-T_ )dt = ADFD
For forced convection, kl << k, (due to motion of air over ice)
s2 = o) f (T,-T )t or S« [aprp}Y/2
t
o

1/2

For Superior Bay, x(t) = (5.6"){ADFD]™"" . (5.6" determined

experimentally)
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Since wintertime acquisition of data required ice penetration, the
collection and examina?ion ofrice data itself could hardly be avoided, both
for curiosity and safety re;sons. Excellent data for one point on the bay
was ava.ila‘bleh’5 at the U, 5. Army Corps of Engineers. BSince our_early
neasurements or ice cover indicated that 1972-73 ice grévth was unusual,
it wes ipterestiné to attempt to predict the freeze-up times and the break-
up time, for this yearrusing the available data. This year for moderate ice
thickness (0-20") the growth of black ice was well éorrelaﬁed vith the ac-
cumulated degree freezing days. The ice thickness was proportional té the
square root of degree accumulated degree freezing days as éan be seen from
Figure 25. fhe'reason the formula holds so well came sbout from the fact that
this year negligible white ice had formeﬂ.ﬁ ‘The departure from this relatign
past 20" in thickness could be attributgd to river currents which are not
ﬁteady on zccount of the lske, and the presence of the two entries{ Also
the efiécts of the lake ice covér on the air temperature on the bayiand the
unusuaiiy mild weather itself could accqunt fof this departure. It is seen
from Figure 26 that the rélationlis not valid for years when the accumﬁlation
of white ice was not negligible. The prediction of ice breakup would depend
on the ice type since thawing curves like the ice growth depend on thé nature
of the ice. Black ice shows regular growth and decay. Analytical description |
of formation of white ice and its effect on breakup time would.bé difficult at

best. To predict the breskup time however, some effective description,

L. Private commun1cat10n, Clarence Wong, U. S5, Army Corps of Enclneers at Duluth.
5. Mr, T. D. Brennan, U. S. Coast Guard.
6. J. B. Shaw, McGill Sub Arctic Research Lsboratory.
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sccounting for wnlte ice, was necessary. Records of plot of total ice
thickness as a function of time for the past four years indicated that

the turnaround time for ice growth on the Superior bay occurred on or_be-
fore Harch 6. Thus a prediction of breekup based on ice thickness for thét'
date could be made using average lce decay rates, The guestion arose as

to whet was the effective thickness of ice cover on that day, realizing

that the properties of black and white ice so far as decay rates and
nechanical strength are coqcerned, are quite different. As an approximation
of an effective thickness, we took fhé thickness of black ice plﬁs one half
of the thickness of white ice. Often this value corresponds to ice thickness
below water level, but the water level fluctuates on account of ice buckling.
Upon zssigning to white ice one half the-effe;tive thickness in terms pf‘black e
ice, and averaging over successive readings for each year we obtained, Figure
27 which shows the total effective ice thickness for the past five years.

' Once the turnaround in ice thickness bceurs, it is seen that the ice
decays at an average rate of .227 inches per day until it reaches = criﬁiéal
value. At such time parts'of the bay where currents are large, open up, while
the ice cover on Superiof bay channel honeycombs end cracks, presenﬁing little
cbstacle to ship traffic. This critical ice thickness for the mid area of the
Superior bay is 15". Thus if one projects thg decay of ice from the March 6 -
thi;kness, the latest maximum thickness date, tq the 15" thickness,'dhe ar-—
rives at predicted breakup as shown in Fig. 28. Since for 1973 the maximm
in the ice thicknesss occurred more than & month early, it was interesting td'

use this method to prediet the harbor opening of this year. TFig. 28 shows
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that the preddctéd date was March 22, which was correct, though shipping
did not start until March Z29. 'Thé shipping hovever depends on oﬁher factors,
such ag opening of the 10ck; gnd the iée §acking zt tbe tip of the lake.

The measurements on the iée cover at the tip éf the lake were made
during the times of collection of water samples on the laké at points inter-
mediate to the Cldquet intake. The ice cover on the lake was, however,
minimal this year. It was hezardous for all except two weeks time. The ice
céver on the lake was treated according to procedure of T. L. Richards.
Since the tip of the lake is open to the rest of Lake Superior, it could not:
be treated eltogether as a separate body of w;ter.l If no malJor storms were
present, the tip area could act like a2 shallow lake. Using characteristiec
parameters of antecedent heat, and accumulated'degreé freezingvdays, aﬁd
the assumption that the tip oflthe lake behaved llke a shallow.laké, it
‘is estimated that lOO%icover would develop after ebout 800 accumulated-
degree freezing days,.wpich would yield (aversged over records for 1967-

73) théiloo% freeze up date as January 15 and egrees well with-proj;cted
grcwtﬁ of initial cover. However, Que to wind storms, partial ice cofer
at the tip of the lake is often removed and new warmer water is brought
into the area, initiating in effect a new ice 5rowth period, Fig. 29.
After an accumulation of ~ lQOO degrae freeiing,days, the entire lake
cools sufficiently so that this factor is less important., Thus a durable
cover over the tip of the lake forms after about 1,100 sccumulated degree
freazing days which falls at the end of January. Fig. 29 shc—aw.s the. ic.:e

cover for 1972-T3, using ERTS data for the winter. The 1007 area considered,

7. T, L. Richards, Monthly Weather Rev., Vol. 92, 6, 297.
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is.the tip of the lske from Epife River to Duluth. The ice thickness after
freeze up seens to display gro;th proportional to the squaré root of the
degree accumulated freezing;days. Ice thickness date for this part of the
leke is unavaildble‘for other years. The méin problem fo navigation in so
Tar &5 the ice at the tip of the lake is concerned, comes from ice packing
due to ice driven .in‘{:o the tip area in the early spring by W.E. winds. This
vhencnenon for instancg caused considerable.diffiéulty to shipping in 1972,
vhen the ice was piled up to 10 ft. depths, and remained in the area until
June 9, 1972, Similar event caused 18" pack to develop late in March of
this year. The extent of packing depends on the ice cover on the entire
lake. Further consideration of this problem is planned with aid of the

ERTS satellite data.
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Qur measurements on the effects'of the experiments} bubbler were per-’
fbsmed asrsuppiementary informstion to the data collected by the National
Biocentrie Corporaticn, which was charged with essessment of its operation
for the U. S. Army Corps of Engineers. Five sampling points were established
in the area of bubdbler as shown in Fig. 30. The messurements of water quality
parareters at thess points wss used~for the evaluation purposes. Intensive
measurements were made for three saumpling days, one each before, durisg and
after the operation of ths system. We also took data on sesersi other dates
- 85 part of our investigation of the bay. The auxiliary stations used for
our own purposes are showa in Fig. 30, |

The assessment of the operation of the bubbler so far &s ice cover was
concerned was based on the ice growth.data for p01nts adjacent to the bub—
bler. |

Fig. 31, curve 1, shows fhe ice growth for assa upstream from the bubbler,
Curve 2 on the figure shows the estimated growth of ice over the bubbler area
if the srea was not disturbed. ThlS was done by u51ng the same functlonal de-
pendence for ice gfowth over the bubbler area as for station #5. Initial values
" for ice thickness were hased‘oh measurements made before the bubbler was in-
stalled, Curve 3 shows the actual ice valuss over the bubbler affected srea.
Two discontinuities occurred; one on January U because of a w;ndlstonm whish
caused considerable surge‘of lake wzter into the bay, breaking up the icé
sover; and one on January 15 because of unusually mild weather, at thst tine
the bubbler psrfofated the ice, creating open wabter right ovsr the‘buﬁbler.
_outline., For more normal conditions the bubbler area,‘including the section

right above the bubbler outline, were frozen over. The lce right above the
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bﬁbbler outline was, however, substz;.ntially weaker and remained in that
state even after the bubbler operation ceeses,

When the bubbler was shut off, the ice cover quickly returned to near
nérmal projectéd thickness. The weaker area directly over the outline of
the bubbler formed a pressure ridge about 2 ft. high. Whén the thawing
pericod began this ridge area deteri;rated first, showling open water a week
earlier than ad}acent areas. |

Based on this years performance then, {year unusual in character) it
is estimated that the breakup of ice iﬁ the bubbler area was speeded up by
‘one to two.weeks on account of the weakened sectién formed directly-aboveA
the bubbler. EVen in the #bsence of the weakeﬁed ice and tﬁe subsequent
pressure ridge, one could estimate that fhe ice cover over the bubbler should-
déteriofate sooner. It displa&ed many imperfections in grdwth, (characferizedr
by trepped air and discolorations giving appesrance of entrapped algae growth)
and its final thickness was about 2 inches lower than projected nofﬁal thick—
ness. This according to the thawing curves, Flg. 28, would mzke the bubbler
area nav1gable 8 days sooner than the adjacent area on. the Superlor bay.

The assessment of the effects of the bubbler on water quality was 4if-
ficult. The location of the bubbler was chosen for its ant1c1pated aid to |
shipping as such the choice was excellent The area-does, howeVEr, have the
‘prOblem in that it is not a homogeneous body of water. Fig. 32 shoﬁs that
the bubbler is located at the Junction of the muddy Namgdji'River and the
much less turbid 3t. Louis River. The proximity to the iake entry also com-

plicates. the problem as the lzke water periodically flows into the bay. Some
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assessment of the effects of the bubbler on water quality can be made,
however, particewlarly 1f comparisons are made for selected saﬁpling stations.

We limited most of ourlmeasurements only to those physical parameters
which could be easily taken in situw, and for wﬁich we‘felt pertinent relations
to water mixing could be established and discussed. (Other measurements were
perforreed by Biocentries, inc.) )

Basically, one would like to assess the effect.of the bubbler in preventw.
ing.the natural settling of pollutants, and on its possible reintroduction
of settled out material into the water. The questiqn in this case was |
whether the mixing was largely due to the bubbler or due to the natural
mixing processes at the junetions of the rivérs and the lake entry.

Aerial data was most useful in this'case.. Fig. 32 gives good indicationr
that the site #1 on the bubbler should reflect the properties of the St. Louis
River. One would expect the same.from site #5. Thes? two sites céuld then be
compafpd. The station at the tip of the bubbler, off the 6idlore a?ck, could
serve ég an indicator of lake vatef surging into-the bay, the surges;do indeed
occur, as evidenced by the water current obsérvations gt the Suﬁerior ént:y,
and water percolating throuvgh the icé cracks in the slip of thé old ore dock.
It is anticipated that the prevailing water flow in the area; except‘for'areas
right next to physicél protrusion, such as the U. S. Army‘Cogps pier, is
'nonhally laminar.' This is somewhat borne out by the results'qbtained fﬁr
the times of sa.mpliﬁg after the cesse;.tion of bubbler ‘Operati-c)n;

The data in Figs. 33-29 shovw thét & ndrmai profile with depth for the
conductivity and the dissolved oxygen Ead developéd by Decembef 13 for the
Superior bays. Considefablé settling is shown by the depth profiles for

the site off Barkers Islend, which is downstream from the Superior sewage
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plant. The first intensive sempling day was Deteﬁber 21, Fig. 34, 35.
The bubbler mrea wes apen. The tugboat, Illinoié, courtesy of'dreat Lakes
Snipping Company, wes used in collecting the date. The date for Deceubver
21 shdws that the water in the bubbler area is well mixed, particularly ir
compgr;son of the shape of conductiviiy profiles is made for sites #1 and
#5. Furthermore,.the average condurtivity of water was substentially higher
at site #1 indicating extra conductive suspended material elther due to
bubbler action or the veésel traffic. GSite #E‘Vas‘not app?éciably dis-
turbed by the tugboﬁt on the sampling day. The results for subsequent days .
sh&w water quality parameters for Barkers Island site and the ypper channel.
The ﬁpper channel displays little veriation of conductivity with depth. Gen--
erally pronounced conductivity profiles ?éfé preseﬁt primarily in the_Superior
bay and the'St. Louis Bzy where major sewage andrindustrial waste‘sites arer |
found. The next d&f of extensive measurements ﬁas January 15, ?ig.'36, 37.
The data for the day shows again considerable mixing Qt site #1 as compared
to site #5. The ship traffic had stopped by Janﬁa:;y; L, 1973, and water
currenttwas downstream on that day. The.day was unusually warm and the ice -
 directly above the bubbler was either well perforated or was showing open
spots. | o

The oxygen over the bubbler area had increased % 2‘ppm on the average.
This would depend mostlﬁ on the rate of flow of water over the bubbler. 'Tﬁeu
oxygen profile was determined using proble measurements and Winklér (Alkali“ ’
_ Todide Ozide) analysis on somples every 5 ft. depth for the extensive méééure—
ment days. The comparison of the conductivity curve for site #l end #5 shows
that the average conductivities for the sites are nearly the same;

unlike the case for December 21.



52

One could then deduce that the water at site #5 become well mixed by the

time it reached site #1, but if the_increase in everage conductivity on
December 21 was due to bottom sedimernis being resuspended, then by January
15 the process was no longer taking place and though the bubbler was pre-
venting settling,.it wes not addingKnew conductive bottom material to the
vater on that date. The station of} the tip of the bubbler reflects the.
paremeters similar to those at station #5 while station #3 seems to reflect
the regular winter conditions at that point which changed littlé lzter on.

In the areas away from the bubbler, 2 slight temﬁerature-gradient had
developed by that date. This was typical of the temperature brofilerlater
oﬁ, and may well be of considerable importance in improving the efféctiveness
of & bubbler operating in mid-winter, Tﬂe préfiles fdr January 30 and
February 6 displays depth variation in the parameters after ceséation éf
-bubbler operation. Some nadbural mixing is indicated on Februéry 6, The_
data fér February 13 shows the results for the times well after theigperation'
of fhe.ﬁubhler has stopped, so does the data'f6¥f?ater_days.;ilt is ﬁoticed
that for times efﬁer cessation of operation the bubbler area generslly disQ
played stratification indicative of the upsiream econditions on the Supéricr
bay. Station #; end #5 show émall differences, particularly in the tempere-
ture profile. Natural mixing may have been the cause 6f this. The effect
is.relatively smail however compared to mixing indiceted during the bubbler
operetion. The availeble data thus sugzests that the bubbler, introduced

1-2 ppm dissolved oxygen into the water at the site #1 and sufficiegtly mixad
the water to distribute the conductive lons almostﬁuniformly with deptﬁ. The

initiel operation monitoréd on December 21 seems to have also caused
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substantial increase in the a*}erage conductivity of the water, perhaps by

resuspending the settled out particles. However, the cause of this cannot

be established since conslderable turbulence vas caused by vessels operating
~in the area. A more intensive study for & bubbler, located further away from
the entry, should pe made particularly with regard to the effects of bubbler
on the bottom material. The operativn éhould slso be exteﬁded to the entire
winter to see how the bubbler operation improves with the natural development
of temperature gradient in the channel. This could shift the ice breskup to

a nuch earlier time.
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Sumuary of progress:

The studies for the past nine months have established the type of

mezasurements which should be pursusd in subsequent investigation of the

year-round water transport in the western tip of Lake Superior and the

‘St. Louis River bays.

Following is our plan for future studies.

Objectives:

“

Svmmer-Fall

1.

VWinter

1.

Continuation of studies of the upwelling along the N.E. shore
and the eddy currents at the tip of the lake with aid of ERTS
images showipg the turbidity plumes aﬁd patterns at the tip of
the lsake, |

Continued infestigatién‘of water quality in the bays and in-
vestigation of the transport of effluentslout of the h@fbor:

srea into the leke and how these pertain to the weter qﬁality

at the tip of the lake.

Investigation of the mixing procssses in the Superior bay .

using the established paraneters suitable in detecting
mixing and the water current measurements at the entries.
A nev instrument for current measurements will be set up

by the U. 8. Army Corps of Engineers et both entries.

Study of winter currents in the lake through physical and

chemical tracing of the effluents. .o~
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2. Study of ice growth, cover and ice packing in the lake tip
» ares using ERTS images; snd continuation of harbor ice
studies together with the envirormental effect of bubbler,

should these be in operation sgain.

Plan of operstion:
Summer-rall

To estzblish further the nature of the upwelling along the North Shore
for westerly winds, horizontal temperature gr&dient, and acéompanying water
velocity profile with depth will be monitored at Knife River site and.a ;ite
in the vicinity of the Cloguet wabter intake.

To obtain quantitative data on the eddy curreﬁt depth prcfiles for
temperature, turbidity, water velocity, and the thermocline activities ﬁill o
be made at a site near the Cloquet inteke and a point 6 miles directly N.E.
from the station where the ERTS images shqw a northerly turnaround in the
cufrenfs. The deta will be then correlated with the ERTS data on tﬁ;bidity
plumes.: _____ -

To produce quantitative data sufficienf for analytical study of £he N
eddy current, at least five continuously monitoring stations should be
established &t the tip of thé lake. If our application to other azencies
for the support of_more extensive ground truth date collection is-accepted,
such station will be estéblished. Under present conditions of manpower and
instrumentation, however, only itwe regularly visitea'sites can be maintained.

During the times of rough sea conditions on the lake, the work on
monitoring of wate; quality in the Superior bay and the St. Louis dbay will

be continued on the same basis as in the past. The datsa ﬁill be examined
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for influence of:effluents on theivater qﬁaliﬁy at the Cioquet intake,
which will be continuously monitored by the cityvof Cloguet.,

Two dintensive 3 day stqdies consisting of continuous monitoring of-
vater quality in the Superior bay and the water currents at the entries_
will be nede to evaluate the mixing process in the bay. This material
together with other measurements in the bays will serve the purposes of
masters thesis for Mr., Kirdby Stortz. A detailed operation plen is a- -

vailable should HASA require it.

Winter

Winter studies will be maintained at the 1972-73 level. The chemistry
department ét UMD will have complete their operational setup of the experi-
ment this year so that the tracing of effluents by chemical ﬁeans will add.
to our information of wintertime water transportlin the lake and will identif}
further the cause of odor at the Cloquethintake. The lécal u. 8. Armj.Corps
of Ené%neers in going to install a year—:ound system for water currégt |
measurements st the entries.' This should,substggtially aid.us in stgdies
of mixing processes in Superior bay. Ve had requested';upport for our
wintertime studies from the EPA as.we felt that the stﬁdies were germane
tﬁ their interests, since three municipal water intakes are located &t tﬁe
tip of the leke. The agency has rejected our reguest.

Studies of the onset of ice cover and its growth in the western em of
Lake Superior will be pursued further. FRTS data for the ice cover will be
used in relating éhe ice cover to the spring packiné 6f ice at thé tip of -

the lake.



As a port of our understanding of HASA's practice to serve the

comnunity, we enumerate the possible epplication of our work for the

benefit of the community:

l.

2.

Work on water transport in the winter énd SUmmer 18 neceszary

to water users of the area. Currently all intskes experience
sone difficulty with weater quality, though it is intolersble

only at the Cloquet intake, That intake must either be re-
located or a filtration must be provided designed'with sufficiént
knowledée of wa#er.quality parameﬁers fﬁr any further degredation
in water quality at their intske, Such could for instance arise,
should extensive bubbler systems be installed in the Superior |
bay for purposes of é;ténsion of shipping season,

The knowledge of-water transpor£ is also essential fbr purpéses
of detenmi%gtion of the éffecté of dumping of harbor dredging

in the lake, In the past dredgings wvere dispésed of at the tip

of the leke. Buch practice will reswume in the future when‘§he on

land disposal sites are unavailable or too costly. It dis anticl-

pated thet this will happen within the next 10 years because of
limitations of the on land sites, and likely much sooner for

economic reasons. By that time the ongoing progrém in pollution

control should remove the dangerous pollutants from the harﬁor;

However, there will always be considersble amounts of.organic,
fibrous meterial which could degrade the water at the inteke if
proper dumping sites are not selected. Dr. Xeith Larson of the
U. 8. Army Corps of Engineers Bt Minneapoiis is well aware of
this problem and is considering our work as a part of the Corps

long renge progrem.
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The winter studies on the.bubhler operation and the work on
ice conditions in the bay and the lake are useful to the
shippérs. Eﬁcellent progrem for monitoring overall ice cover
on the lske exists and will improve with ERTS program. How-
ever, quantitative data on icg growth at the tip of the lgke
is sparce. The studj of lce conditions in the harbor and ice
growth and packing at the tip of the lske is iﬁportaﬁt to the’

proposed extension of the shipﬁing Season.

Involvement in commmity:

1.

We have had close c00peration from the Cloquet Cify Enginéer,

Mr. Bruce Boyer, in use of their facility and exchange of in- =~

formation on their problem with water quality at their intake.

This year we will be involved to a limited extent with the

' harbor dredging program through the National Biocentrics

Corporation and the U, S. Army Corps of Engineers..

Our winter studies on bubbler have been fiade in cooperation

with the Biocentric Corporation snd the local U. S. Army Corps.

of Engineers, the loesl office under Mr. Clarence Wang.

The monitoring of water quality on St. Louis River and its bays

is a cooperative program with Mr. A. Biele, the cthemist at the .

Loakewood Pumping Station for‘Duluth;‘ He is responsible for

rost of the chemical analysis of the samples.
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Acrial Photography: Use in Detecting Simulated Insect Defoliation in Corn'

1. G Cmasg, Ronkwr Latiay, snd Meaws Po Muyen?

University of Minncsota, St. 'uul 55101

ABSTRACT

Artificial defolintion in eorn wis wsed to explore the
warfuluess of aerinl phatography in delecting erop-inseet
imfestations, Defolintion on top of plant was ensily detected,
while that on the base wis less so, Aere infrared film with

Wratten 8913 filter gave the hest results, and moming
flights at the seale of 1:15840 are recommended, How
direction, plant growth atage, and time elapwe sinee
defoliatinn were not importnnt factom, :

Larvae of both armyworms, Pscudaletin unipuncia

(Mawerth), and grasshoppers <defoliate corn plants.

Information on the amount of leaves destroyed is useful
in assessing potential crop losses, and assists in es-
timating the levels of pest populations involved, To
abtain such information by ground echeeking requires
considerable Iabor and tinme. Time is particularly crucial
beeause early availability of this information is essential

* for preparing plant-protection measures,

Acrial photogeaphy has been used in various aspoets
of agriculture (Brenchley 1968). Work has been done on

“forest insects (Heller et al. 1959, Bajzak 1966, Wert and

Roettgering 1968, Harris 1071); range insccts (Meyer
and Woolfolk 1967); and fruit insects (Hart and Myers
1968). No information is available on detecting cerenl-
crop-inseet, infestations.

We explored the usefulness of aerial photography
in this latter respect. The work was done on the Rose-
mount Experiment Station of the University of Minne-
sota-in Rosemount in 1970 and 1971,

Geseran MeTons.—Aerial Pholography and Image
Analpsts.—Multiband reconnaissance equipment of the
University of *Minncsota, College of Forestry, in the
form of a 70-mm quadricamera unit and a photo aircralt,
were usedl, The film-filter combinations, photo seales
overflight times, and film enhancement procedures user
an 1970 and 1971 follow, s

1970 1971
Film/filter eombination
Ektachrome MS/Wratten 2A
LEktachrome Infrared/Wratten 12 X
Ektacolor/Wratten 2A
Panchromatic Plus-X /Wratten 8
"anehromatic Plus-X /Wratten 58
"anchromatic Plus-X/Wratten 25A
Aero Infrared/Wratten SOB
Photo scale
1:4000
1:6336
1:12000
1:15840
1:31680
Time of flight (CST)
0001000
1100-1200
1300-1400

X X X¥X
X XX X X KAXKK

XXX

1 Paper no, 8070 Belentific Journal Herien, Minnesota Agricultural

" Experiment Statien, Bt. Pavl, Minn, Received for publication Aux, 18,

1072,

t Professor, Department of Entomology, Finheriea, and Wildlile;
formerly Reaearch Fellow; and Profemsor, College of Forestry, 1ini-
vernity of Minnesots, respectively.

Film enhancement procedures

1°8 Mini-Addeonl X *
125 Digicol Viewer x
PPhoto-optical Density Slicing x
IS1 VP-8 Image Analyzer x

To insure that all possible phiotographic characteris-
tics were considered, both multiband anid Ektachrome
infrarci] transparencies were subjected to various types
of enhancement (Meyer and Chiang 1971): (1} the
1970 70-mm multispectral (three} positive transparen-
cies were optically combined through component filters
hy means of the engincering prototype of the 25
{International Imaging System) Additive Color
{Addeol) viewer; the current mode] 6030 Mini-Addceol
combiner was used for analysis of the 1971 multispectral
imagery; {2) the 1970 Ektachrome infrared trans-
parcncics were enhanced through n proeess of enlor -
separation using & photo-optical density-slicing tech-
nique; the resulting isodensity image (10 levels) was
then reproduced in 3M Color Key, registered, and
mounted; (3) one of the better Plus-X/Wratten 25A
1970 season transparcncics was evaluated with the 25
4000 Digicol viewer; (4) the Jul. 31, 1971, Acro In-
frared /Wratten 808 transparency was enhanced on the
ISI VP-8 Tmage Analyzer.

Field Plots—Two fields, P10 and A-15, were used
in 1970, and one, I-10, was used in 1971 {Fig. 1). The
general area has Waukegon silt loam type of soil. Some
characteristics of the crop and planting, and information
on defoliation follow,

. 1970 1971
Row direetion in the field ‘
E-W (field P-10) x ®
N-§ (field A-15)- X
Row width . 30 m. 30 in,
Plant population (no. plants
per acre) .
Field P-10 ; 19,250 * 20,666
Field A-15 21,000 .
Corn variety '
Field P10 Phster Pioneer
§5X-3935 3784
Ficll A-15 Funks
4222
Defoliation levels
{n) 0 leaves removed
(control) ¥ ¥
(b} 2 basal leaves removed %
(c) 4 basal leaves removed ® *
() 6 basal leaves removed x
ge) 8 basal leaves removed x
f) 2 top leaves removed X
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() 1 top leaves rentoved x
() 6 top leaves removed X
£3) 4 hasal leaves removed
on alternate plants X
) 4 alternate leaves :
removed b4
Number of replicates in each
field 6 2
Plot <ize 24 rows 3 29 rows ¥
75 It 75 ft.
Subplot size SBrows X Srows X
25 It. 25 1t.
Dates of defolintion/no. ex- '
tended leaves at that
time Aug. 14716 July 10/11 -

Aug. 217186 July 26/13
Aug. 3/16

Aug. 24713 July 20/1
Ang. 24710 July 27/1
and 8
July 31/5
and 12
Aug. 4/1,
Oand 16

ProcEPURES AND REsurms.—/070 Study.—Artificial
defoliation was to be doune Iate in July, the usual time
when armyworm larvae invade corn fiehls wnder
Minnesota conditions, but it was delayed until Aug. 14
al 21 beeause of weather problems and aircraft avail-
ability. Flights were made Aug. 24, The plants had
reached their maximum height with approximately 16
leaves, and the silk was in the drying stage, Two levels
of defoliation were made, 4 aml 8§ basal leaves were
removed, hoth simulating armyworm larval feeding.
The 2 levels and a control were each replicated 3 times
within a plot. All leaves removed from the plants were
hauled off the plots. Flights were made in the forennon,
at noon, and in the early alternoon, :

Dates of Gights/dnys after
defolintion

1970 Field Pt

Field A-13
ajes|e
l‘.a"
CH'I
Fietd P-t0 )
aflc]r REIE]
e|wlc olelo| ™
tjeja iuc‘
I fed sle|o
cjale
o]«
-
1971 Field Plon
Field P-10
dli|® blcfd eftice Wle[d ARSI ER N LIERT]
elvicffels]n]{ile]il fo]e wle{t| [1}efa]t ™,
FEREL] uilbdhdloif:nbhl‘
A L C -] £ ¥

Fin. 1,—Fields in 1970 and 1971, showing types of
defaliation (a-j, nee text).

3H JournaL oF Economic Exranotoay

The transpareneies were examined both with wnieirled
vision anel snler magnification, Ou all filn-filter coni-
Binations, amd ab hoth seales, defolintion Tevel ¢ was
clearly visthle with or without magnilivation i, 25,
This high degree of visibiliky was e 1o 2 factors: (i)
stress caused by removal of approximately Li of the
leaves on cach plant, aml (b) somewhat ncressed
verticnl exposure of the soil. In no ense was rdefolintion
level ¢ visible on the original photographs, This was
not particularly surprising in view of the probable laek
of cffect of this relatively lizht defoliation upen plants
=0 near maturity.

I'he 3 enhancement procedures deseribed carlier wire
applied to the transparencies. None made defoliation
level © visible. However, with the IS Addeal viewer,
the visibility of defoliation level e was improved, and
other fentures such as crop maturity differentials,
drainage palterns, compaction due to past animal
trailing, were realized. With the %S 4000 Digicol
vicwer, details discernible on the original imagery
beeame much more visible to the unaided eye.

The results showed several points of methaorlobogical
importance: (1) row direction, E-W or N-3, didl not

influence over-all pictoral quality and rendition; (2}
the quality of forenvon photography was the best,

afternnon the next, and noon the poorest; (3) the S-row
plots were large enough for experimentation; (4)
replications within a block were ot necessary.

1971 Study.—Since 1970 results showed that F-W
and N-8 row directions did not make any difference,
only 1 fickl (P-10) was used in 1971. We photographed
only in the forenoon and replications were redueed to 2.
B3ut more types of defoliation below the levei of 8 leaves
removed were studied: 2, 4, and 6 basal leaves were
removed, simulating armyworm larval feeding; 2, 4,
and 6 top leaves were removed, simulating grasshopper
feeding; and 4 basal leaves were removed on alternnte
plants, and every other leaf on the plant (4 leaves in
total} was removed. The last 2 types are to simulate
lighter levels of inscct infestation.

Defoliations were done July 19, July 26, and Aug, 3,
when plants had 11, 13, and 16 leaves, respectively.
Tassels were out Aug. 3. Flights were made July 20,
27, 30, and Aug. 4. Thus photographs were taken at 3

" stages of plant maturity, and from 1 to 16 days after

tlefolintion.

Transparencies were viewed under stercomagnifica-
tion. As shown in Fig. 1, there were @ subplots with 8
different types of defolintion and a eontrol. The subplots
showing coelorations lighter than the field in general

were noted, The lightest was assigned a rating of 1, the -

next lightest 2, and so on. A subplot did not have o
rating if it was not distinguishable frem the ficld in
general. In a given plot, there might be 2 subplots
showing the same degrea of lightness, and thex were
assigned the same rating. Thus in a plot there coukd be
more than one subplot rated 1, or 2, or 3. It should be
noted that the subplot rated 1in a given plot might net
be of the same lightness as that in another plot.
During the proeess of evaluation, the levels of de-
foliation were not made known. Two persons viewed
the transpareneies and made evaluntions independently,

~ and produced similar results.

Table 1 includes data to compare the 4 film-filter
combinations and three time lapses at the phioto scale
of 1:15840, The film-filter combination Acro Infrared/
Wratten 80B gave the best quality. More subplots were
distinguished (see figures in the right hand column)
with that combination than with the others. There

Val. 660, 0. 5
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Table 1.—Ratings of dilferent Lypes of defoliation with 3 time lapses, and 4 fi

CHIANG BT AL Asmian PHoTOGRAPRY 0F [IFPOLTATION IN Conx ' 581

Subplats

(defolintion levels) No. aubplots

Date of Date ol  No. days Film/filter rated lighter
defolintion  {light lapaeci( eombination Rep, Piot abedefghilj than geneeal fich
Aug. 3 Aug. 4 1 Acven Infrared/ I 13 1 32 &

Wraticn ROB 11 A 3 21 3 8
Vktachrome Infrored/ 3 B : 1
Wrentten 12 1T A 21 4
Iktachrome M8/ I B i
Wratten 2A I A 21 3
Ioktaenlor/ I 13 1
Wyatten 2A I A . 21 3
July 26 Aug. 4 9 Aceo Infrared/ I . 3443 421
Wratten ROB 11 C 231 i0
Fktachrome Infrared/ 1 ¥ 3 1221
Wratten 12 10 C 21 . G
Ektachrome MS/ I K 2 1
Wratten 2A 11 G 11 4
Fktacolor/ I it 21
Wrkten 2A 31 C 11 4
July 19 Aug. 4 16 Aero Infrared/ 1 ¥ 321383

) Wratten 801 11 D 221 3 o
Fktachrome Infrared/ 1 O 3321 .
Wratten 12 . 11 1 231 7
Fktachrome MS/ 1 F 1
Wratten 2A 11 D 1
Fktacolor/ I T 2 1
Wratten 2A 11 D 1 3

were no consistent differences among the 3 time lapses
of 1,9, andd 16 days, .

Table 2 is organized to compare the effects of 3
factors on the phetographic resolution of the different
levels of defoliation. The 3 factors are: (1) degree of
plant maturity as_ reflected by the date on which
defoliation was marde, (2) time lapse as reflected by the
number of days hetween defoliation and flight, and ()
photo seale. The data include only the flm-flter com-
hination of Acro Infrarcd/Wratten 8913, since this
gives the best photographic quality. Unfortunately,.
mechanical problems during the scale H1 thight on
July 20 ruined the photagraphy.

Comparisons can most readily be made by examining
the number of times the subplots reeeived ratings. The
fimures in the 15t and 3rd columns on the left reflcet the
cffeet of plant growth stage when defoliation was made
(15t column) and the time lapse between defoliation and
flight (3rel column). Figures in the last column on the
right show no consistent differential result from these
2 factors. :

The figures in the next to the hottom row refleet the
offect of photo scale and type of defolintion. Seales
1:6336 and 1:15840 were about equal in clarity, while
1 131680 was loss clear. The hottom row gives the overall
detectability of the types of defoliation hased on fre-
griency of being rated ane valurs of the ratings. The 3
types most ennsistently deteeted, in orler of velorntion
contrast are h, g, and j. The next types are d and f.
The least detected wers b, ¢, 1, and a. The differential
ameng these was dlight and accuraey of detection very
low: ax reflected by the fact that level a, which is the
control with no leaves removed, was given a rating on
3 ocensions, althongh all at low levels of lightness, 18
shontl be mentioned, however, that there was no strch
confusion at the seale of 1:6336.

I'racricat Inprications.—~The 2 years’ results have
the following implications which are of practical signifi-

cance in using acrial photography for deteeting de-
foliation:

1. Defoliation in corn may he detected with -

relighility regardiess of row-direction.

2. Potoction is feasible within one day after
defoliation; it is not nceessary to wait for intensive
plant stress. .

3. Detection is feasible when plants are at the
11-leaf stage through tasscling. :

"4, The seale of 1:6336 gave most reliable detection,
but considering the economics, the scale of 1:15840 is
to heo recommended.

5. Aero Infrared film with Wratien 8913 filter
gave the hest results among the 7 combinations tested.

6. Morning flights are recommended.

7. Defoliation on top of plant is casier to detect
than that on the basal part of the plant.

The artificial remnval of vorn leaves in square plots
probably is casier to deteet amid normally Erowing corn
ficlds than natural infestations, It is probable that corn
earworm or armyworm infestations would bhe more
uniform over corn ficlds, and the contrast level: woukd
be more ditheult to define. One other factor which was
not involved in this test, beeause leaves were artificially
removei, is the likelihood that grasshoppers or army-
worims woukl not consume entire corn leaves. Partially
consumed Ieaves would probably change color and he
helier detected with normal color or color infrared film
than by infrared film with an 898 filter,

Our next step will be to test the potential of the
methad in fields with real armyworm and/for grass-
hopper infestations. The information is published now
with the hope that the method ean be tested by en-
tomtlogists clsewhere when the opportunity arises.

AckNowLEpaMENT,—Funding for the final imnge
enhatncement and snalysis by NASA's Office of Uni-
verrity Affaira (Proj. NGL-24-005-263) iz gratefully
acknawledged. '

im/filter combinations (photo seale 1:15540).
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Table 2.—Ratings of dilferent levels of defoliation with 3 scales, 3 plant stages, and 6 time lapses {film/filter combination—Aero Infrared/Wratten 898B).

Seale I {1:6336)
sub-plots {defoliation levels)

Seale IT (1:15840)
sub-plots (defoliation levels)

Scale IIT (1:31630)

stb-plots {defoliation levels)

No. sub-plots

DPate of Date of Xo. days tated lighter
def, flight lapsed Rep. Plot abedfghij abedfghij aboed fgh ij thangenerulfield
T7/19 7/20 1 I F 3 21 3 3 21 3 No photographs taken 18
B ¢ D 2 321 2 33 21 3 No photographs taken
7/26 /27 i 1 L 3 21 3 3 21 3 1
II c 2 31 3 32 21 2 2 1 2 2t
. 8/3 8/4 1 I B 2 31 3 1 3 2 3 2 1 3
H| A 3 21 3 3 21 3 2 2 1 2 23
1/26 7/31 5 1 E 332143 4 213 4 3 3 2 1 3
II C . 2 21 3 o2 21 3 21 2 23
7/19 7/27 8 I F . 21 3 21 21
I D 3 21 3 2211 1 2.1 2 19
7/26 8/4 9 I E 3321 3 3443 421 3 21
- II C 3 21 -3 23 1 3 3 21 26
7/19 7/31 12 I F 14 4 21 3 4 21 3 3 21 3
. ’ i | D 3421 3 3 23 21 2 2 21 27
7/19 8/4- 16 I F 21 3 32133 1 2
_ : - D 21 3 221 3 - 2 31 20
No. sub-plots rated lighter than general field® 3 51616 116 1 3 211 71616 213 2 1 0 3 G6I0M 1 6
Overall rating 4 52163 9684352173 6893542173

* Ouly Seales I and T1 are included, Others include Scales [, IT, and II1.
b Qeales [ and [ include 8 groups, Senle ILI includes 7 groups,
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' ¥rg. 2.—Plats A, Optical combiner view of the 1970 Plus-X/Wratten 58, Plus-X/Wratten 25A and Aero Infrared/
Wratten 898 transparenciea of Plots I (left) and 1. Plate B, Digicol Analyzer view of the portion of the Plus-X/Wratten
25A transparency showing Plot II. Original negative scale = 1:4,000; north is at top of page. _

s
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Fio. 3.—~Plate A, Optical combiner view of the July 31, 1971, Plus-X/Wratten 8 and Aero Infrared/Wratten 80B
transparencies of Plota C, D, E and F (from left to right). Piot F ia onlygnrtia“y shown. Plate B, VP-8 image Ann-
lyzer view of the Aero In mredgrnuen 80D transparency of Plota C, D, E.and F {alse from left to right). Plots Cand

o:trlf being n.dw[araely affected by vignetting at the edge of the 70 mm transparency. Original negative scale = 1:6,336;
n is at top of page. :
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"Feasibility of Detecting Major Air Pollutants
by Earth-Oriented Sz@tellite-Borne Serisors."

Investigators: Dr. Harold J. Paulus, David W. Hoffman,
Department of Environmental Health

To further aid in the evaluation of air polluticn in the Minne-
sota area, ERTS-1 MSS imagery are being scught for areas where enor-
mous sources of air pollution are present. The identification and
densitometric examination of air pollutants, especially suspended
particulates, should help to evaluate the lesser socurces of air
pollution in Minnescta.

Contrast reductions over the metropolitan areas are being
examined for possible construction of isopleths of particulate

matter, and for correlation with air pollution index values fram

local measurements.

Data sources fram which atmospheric parameters are directly
availaible are the Minnesota Pollution Control Agency, Minneapolis \
Air Poliution Control Division, St. Paul Air Pollution Control Division
and local meteorological stations. |

The examination of pollution injury to vegetation (crops and
forests) in the area of air pollution sources will be evaluated.

The capabilities Qf the ERTS-1 MSS imagery relative to air
pollution will soon be presented to the Minnesota Pollution Control

Agency and other local agencies concerned with air pollution.



Feee ™

n7%-32270 7

USE OF REMOTE SENSING IN THE ANALYSIS OF SNOWMELT FLOODS
by

C. BEdward Bowers

I Introducticon

The objective of this study is the evaluation of remote sensing data
and particularty ERTS Imagery as an ald to the determination of percent show
cover and possibly water content of snow on the ground, This information is
of interest in the application of some_mathematical Simulatién models to the
forecasting of spring snowmelt floods.

Thé largest floods of record for most areas in Minnééota have usually
occurred in the spring and consist in whele or in part of snow melt runoff.
Thus, in attempts to predict the magnitude and timing of the spring floods
it is necessary to obtain data on the snowpack during late winter and early
spring, If small areas are of Interest, it;is relativeiy easy to make field
measurements of water content and estimates of percent snow cover. However,
the primary problems usually develop in the 16,200 square mile Minnesota
Rlver Basin, the 16,100 square mile area of the Mississippl River above
Anoka or combinations of these ftwo areas and a dﬁwnstream segment for a total
of 59,200 square miles, A similar problem exists for 40,000 square miles of
the Red River of the North Basin. Thus, data collectioﬁ for areas of this mag—
nitude can be formidable. ‘ |

Currently, field sampling of the watef content of snow at 60 locations
in Mimesota, North Dakota and Wisconsin provide some data on water content |
of snow. (This corresponds to 1 measurement for about 1500 square miles.)

Information on percent snow cover is not generally avallable,
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IT - Current Research

Studies of snowmelt flood analysis in the upper midwest are currently
underway at the St. Anthony Fallé Hydraulic Laboratory, Department of Civil
and Mineral Engineering; University of Minnesota. The studles sponsored by
OWRR involve fitting of a mathematical simulation model to the Minnesota
River Basin, using avallable hydrologic data for past years; The model,
involving about 8,000 input statements, requires information on water conbtent
" of snow and percent snow cover as well as river discharge, precipitation, |
temperature and related variables. Snow melf can be compubed on a continuous
basis either by a degree-day or temperature method, or an energy basis involv- |
Ing solar radiation as well.as temperature. The model computes the melt and
the balance of snow in storage but must be provided with a relationship between
water content of snow and percent snow cover. rFiguns 2 i1llustrates one simple
relationship; thils assumes that if the snow water-content is greater fhan 1
inch, Ehere is 100% snow cover, with a linear relationship between 0 énd 1
inch. This has not been verlfied and is the areémiﬂ which remote sensiﬁg,
applied to the 16,200 square mile basin should be helpful. TFigure 3, shows
part of the print—out of the model and Figures 4 and 5 show computed or
simuiated discharge compared to observed diSchafge. The results for the
Porme de Terre River (1967) Figure 4, are good.l The agreement for the
Minnesota River at Jordan (Figure 4) and the Chippewa River (1969), Figure 5,
indicate the need for improvement. | .

It is hoped that the ERTS Image'r'y for the Minnesota Basin in late winter

and early spring will provide a sound basils for estimating percent snow cover

over the large areas involved in the mathematical simulation study. .Hoﬁever,
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there is no reason to limit the ERTS study to the Minnesota Basin., Since
fileld data on waber contéht are available for all of Minnesota and parts ol
Wisconsin and North Dskota, these additional areas will also be considered
and possibly used in the study.

Floéd damages in Minnesota amounted to $92,000,000 in 1965 and $77,000,000
in 1969, two of our worst flood years. Amnual flood damages are on the order
of 10 to 15 million dollars. Research studies plus flood plain management

should help to reduce these figures.
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North Dckota

Minnescra

Wisconsin

South Dakotg

Nebraska
!

Fig. 1 ~ Shadad area shows location of the Minnesota River '
wararshed relztive to Minnasaia and surrounding
sfaras ‘
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Fig. 3. Typical Output from SSARR model,
Chippewa River Watershed
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"A Proposal for Precambrian Mineral Resource
Evaluation in Minnesota UtlllZlng ERTS Imagery."

Investigator: Dr. Donald Davidson, Jr.
Department of Geology

I propose an investigation of the discriminatory ability of ERTS
imagery to geological relationships in Precambrian rocks of Minnesota.
These rock units hold p?omige for potential minerzal reéources as do
important ore deposits found in similar rocks to the north in Canada.

Two major Precambrian rock units are proposed for examination using
ERTS 1magery. fhe research planned involves the discrimination of rock
types to show their aerial extent and an interpretation of the structural

relationships between and within the various rock units. A considerable

amount of ground truth information developed by the bedrock mapping program
done in the pést 10 years by the Minnesota Geological Survey 1s available

for both units propoéed.

The two majof rock units to be examined are:

1. Archean Greenstonz Belts

Greens;one bel¢s throughout éanada are the most important sources of
Cu-Ni-Zn-Ag-An ores in that country. Several greenstone belts aré known to
occur in Northern Minnesoté. The best studied belt, the Vermilion belt, has
- proven to be essentially baxren. Moreover, geologic mapping and exploration
work has been conducted in most known greenstone belts. However, adequate
study and evaluation of these belts has been hampered by the lack of regional
as well as detailed information concerning distribution, structural relation-
ships and-other geological data. Regional structural and lithologic analysis
in and near the several belts may hold the key to either why a belt is

barren or where more favorable areas of mineralization are to be found.
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2., The Troctolite Series of the Duluth Gabbro Complex

Known Cu-Ni ﬁineralizatidn‘is found in the lower, western part of
the Duluth Gabbro Complex in rocks of troctolitic composition. To date
Cu-Ni ore bodies are found in the basal contact zones of within the
Troctolite Series. The total extent of the boundaries of the troctolitic
units héve not been determined primarily because of their extensive
occurrence., Since the basal contact of the units is where known ore deposits
have been found, regional patterms, structural studies and even a broéd
delineation of the major rock units could be of great value to continued
exploration. Additional information of regional scope could greatly enhance
the chance for further success in discovery of Cu-Ni deposits.

This proposed program, while having considerable scientific value,
merits consideration because the scientific results can be expected to
have considerable value in determining the metal resource potential of the

Duluth Gabbro Complex.
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