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INTRODUCTION .

The National Aeronautics and Space Administration (NASA) has
selected the Chesapéake Bay and its immediate tributaries as one
" of four major test sites for the study of remote sensing techniques
by the Earth Resolurccs Technology Satellite (ERTS) ard the Skylab
Project. As a part of this program, NASA chose the watershed of
Rhode River, a small fsub-estuary of the Bay, as a representative
test area for intensive studies of remote sensing, the results of
thch could be extrapolated to other estuarine watersheds arcund
the Bay. A br;*.a.d program of ecological research was already
underway within the watershed, conducied by the Smithsonian
Institution's Chesapeake Bay Center for Environmental Studies
{(CBCES) and cooperating universities. This r'esearch program
offered a unique opportunity to explore potential applications for
remote sensing techniques. This led to a joint NASA-CBCES project
with two basic objectives: to evalvate remote sensing data for the
interprelation of ecological parameters, and to provide essential
data for ongoing research at the CBCES, 4 third objezztive, dependeat
upon realization of the first two, was to exitrapolate photointerpretive
expertise gained at the Rhode River watershed to other portious of

the Chesapeake Bay.



In pursuit of the first two objectives, this project has investi-
gated the applications of remote sensing to three types of research

now in progress at the CBCES:

1. Detection and mapping of drainage patterns {(for studies
of stream discha;.rge into the estuary)

2. Identification and mapping of plant species in deciduous
forest, cultivated and abandoned fields, and sait marshes,
both by photointerpretation and ground truth. This was
accomplished through the following projects:

A. Preparation of a vegetation map of the watershed

B. Photointerpretation and ground truth correlation
at a deciduous forest site

'C. Recording of phe:nological changes as photointer-
pretive aids

D. Photointerpretation of late summer crops

E., Photointerpretation and ground truth corrzlation
at two salt marsh sites

3. Detection and mapping of physical factors (bark ercsicn,
sediment movements, etc. ) and aguatic vegetation in

) !Rhode River estuary. |
Use and evaluation of remote sensing is planned by CBCES

investigators for study of planktonic blooms, ground water seepage,



[

distribut-ion of waterfowl, and land use patterns,

-The- basic approach applying remecte sensing to the above
" research was (a) to examine the available remote sensing daté.,
{b) to determine methods of correlating these data with ground truth,
and (c) t.o use both types of dgta to statistically evaluate the photo-
interpretive techniques used. This approach was best for analysis
of vegetation cover types. For mapping drainage patterns and

estuarine conditions, most emphasis had to be placed on photo-

interpretation.



DESCRIPTION OF RHODE RIVER WATERSHED

Rhode River watershed comprises 18 SCLL;.B.‘;'.E miles of which
14 square miles is land including forests, old fields, pastures,
cropland, freshwater marshes, salt marshes, and residential areas,
and approximately 4 square miles of the study area is estuary.

‘The watershed is predominantly an.agricultural %Lrea which is
slowly becoming more heavily populated by suburban encroachment.
The eastern shore of Rhede River is populated by. the towns of Mayo
and Beverly Beach. The western shore remains undeveloped, as most
of it is owned either by the Smithsonian or by families deeply con-
cerned with the preservation of wildlife and the natural eavironment.
This particular shoreline {approximately 13.5 miles long) is one of
the largest relatively undisturbed areas remaining on the western
side of the Chesapeake Bay.

Approximately 455’{; of the land area of the watershed is cultivated
with grain, tobacceo, and truck farms. Recent iarmers have wisely
left most of the stream valleys and floodplains covered with forest,
s0 soil erosion is presently minimal., Forests cover approximately
35% of the watershed. The remaining 20% includes abandoned fields,

marshes, and the towans of Mayo and Beverly Beach, This is shown

on the drainage map in Figure 1,
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The topography of the waterlshed is chic‘ﬂy rolling upland, much
di'ssected by narrow stream valleys which broaden to level ilood-
plains along the courses of Muddy Creek, the prilﬁcipal tributary
stream. The eastern shore o;f Rhode River consists of r;alatively
levél lgwland, where no streams originate. Maximum elevation in
the watershed is 207 feet on the western boundary. Elsewhere the
maximum elevation averages 160 feet.

The streams provide good drainage of the upland and floew all
year except during summer droughts. Springs and scepages are
numerous. The south fork of Muddy Creek and its tributaries drain
into Mill Swamp, a partially forested freshwater swamp covering
approximately one~quarter square mile. The swamp probably
serves as a reservoir for sediments, nutrients, and pollutants
washed down from the surrounding upland.

Soil erosion from Rhode River watershed and siltation of the
estuary itself have been severe siqce initial Euvropean settlement
and clearing of the forest. Ixtensive salt marshes have developed
along the lower coursc of Muddy Creek and around its mouth. The
available data on the depth of Rhode River indicate progressive
shoaling since the initial surveys in 1846,

The soils of the watershed range in texture from sand to silt

loam. Some overlie the geologic sediments from wnich they were
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formed but others have evidently been washed together from other

l sources. Stones in the soil are rare, a fact attribﬁted to the repeated
l:\a&rash}lng_g of the soil éarticles by successive previous ocean levels and
upland streams.

:I'he climate of Rhode River wa.tershed anci the surround%ng region
is humid and temperafe, usually with. rhi-ld winters é.nd-hot sUNMIrNeTrs.
Sterms typically move in from the west but there are alsc onshore
winds from the sea whiclh bring cool breezes in summer and north-
gastern storms in winter. The Chesaioeake Bay meoderates the diurnal
range of temperatures over adjacent land areas and raises the annuai
temperature.

The seasonal weather is highly variable, with extremes of tempera-‘
ture {both maximum and minimum) likely to cccur at any time of ysar
with no discernibie pattern. -Spring is the most variable SeaSOn.
Summers tend to béﬁ hot and dry with sudden thunderstorms which may

hY
cause brief flooding and severe erosion. The growing season usually
lasts from late March t;o late QOctober. Ca;astrophi.c storms are rarte
but locally szrious rains are common.

The Rhode River estuary has a surface area of three to four square
miles and a mean depth of approximately six feet. The six foot depth
contour parallels the shore about 400 fect offshore, except in the .

shallower region west of Big Island. Salinities vary locally and

seasonally, and range from 4-5 to 11-13 parts per thousand.
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The range of tide in Rhode River is ugually abqut 18 inches, but
strong southeast {\-;nds rhay cause éxceséively' high tides by pushing
more water into the estuary, and strong northwest winds may drive
it out. Most of the estuary is sheltered from strong winds and cur-
-rents, so that wave erosion is not severe, but near its mouth strong
contrasts in erosion and depésition occur, especially along the west~
ern shore (Cheston Peninsula).

The bottom of the estuary fre quéntly censists of soft black silt,
carpeted in some places with waterlogged tree trunks. The shallow
area near the mouth of Muddy Creek usually supports a variety of

aquatic flowering plants, notably red-headed pondweed (FPotamogeton

perfoliatus) and Eurasian milfoil (Myriophyllum spicatum). The

latter species became so abundant in 1964-65 as to ke a serious
pest. Scientists at the johns Hopkins University have been studying
its fluctuations of abundance and the recov.ery of the native aquatic
species.

The floristic composition and patterns of vegetation in the ter-
restrial areas of the Rhode River watershed have been intensively
studied within the bounciaries of the Chesapeake Bay Center. and
for purposes of this study have extended to include the entire water-
shed. The forests of this area are an interfacs= of the oak-pine coastal

plain with the oak-chestnut piedmont {Braun, 1950). Characteristic
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-of these types are white vak with sweetgum, willow oak, pin oak,

|

;and sour gum on poorly drained uplands, mixed hardwood and lob-
|

jlolly. Virginia pine stands on abandoned upland fields, beech, tulip,

and white cak on slopes, and cak-tulip codominants with hickory sub-

——————

dominants on the piedmont uplands. Chestnut, previously codominant

o

with oak, has been gradually replaced by tulip. These forests repre-

sent mature secondary growth in this region,



AERIAL OVERFLIGHTS

A total of 17 overflights has been made for this study to date,
15 of thez.'n under thé direction of NASA, Wallops {Table 1). All
‘but two of the NASA-directed {lights have been low-level (1200-
5000 feet) photographic missions using a T-11 camera with a six
inch focal length mounted in a helicopter., Film and filters were
used as f_ollows: _ . ,

Film Filter

panchromatic black and white (DXN 2405) Wratten 57

black and white infrared (2424) | Wratten 25A
natural color (8442} Wratten HF-2
‘nawmral coior {(SO-397)} . ] Wratten A-1
color infrared (8443) ' Wratten 15

color infrared {(2443) | Wiatten 12 + 208

Wratten 12AV + 2001
Wratten 15 + 20B

Most of tke flights utilized natural colpr and color infrared film
since these types have proved to be the most useful for this study.
The film is developed as positive color trans.parenci-es ona 9 x 9 inch
format.

Othér overflights include one taken by NASA, Wallops from an

RB-57 at 60, 000 feet with color infrared and natural color film, a

11
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flight by the University of Michigan's Willow Run Laberatory from a
C-47 at 5000 feet with film and multispectral scanner, and two flights
by Rome 'Ai.r Force Base. The Ai;' Force flights include one from &
6—131 at 2000 feet using a modified AM-AAS-18 MAIRS thermal infra-
red scanner and the other with a R&I-—S sensor using natural color film
(2448) from an altitude of 3000 {eet.

Hydrological and weather conditions recorded at the CBCES piér
and at the weather station in front of the main building are given in
Tables 2 and 3. Except.for precipitation, cloud conditions and z2ir
temperature, all data were taken from a continuously recording Honey-
well monitoring system at the CBCES pier with permission of
Mr. Rober-t Cory, U.S5.G.85. Data coincide with the starting time for
each fiight.

In the near future, a conti;mc:usly recording air temperature moni-
tor will be irlstélled at the main rbuilding area, . In addition, two
stream monitoring stations have been installed on the north fork of
Mﬁddy Creek. Both continuously record stream temperature and one
also records stream flow. These temperature records will be invaluable

for correlations with thermal overflights.



TABLE 1

N

AERIAL DATA TAKEN FOR CBCES PROJECT BY NASA

Flight Date & Imagery Armnount Altitude Area
# Season Type (frames) {fecet) - Scale Covered Stereo
TTNI5—_6/36G/70 bjw IR 25 ea. 3500 1:7000 eastern half of Some
Summer b/w Pan : R watershed
col Nat
col IR
17 T/1/70 b/wIR 71 ea. 3500 1:7000 whole watershed Some
!j Summer b/w Pan '
ﬁ Col Nat
| Col IR
RB-57 10/22 /70 col IR 2 60, 000 1:60, 000 whole watershed Yes
Mission Fall
144
Flight 2
A 10/17/70 b/w IR 17/2 1200 1:2400 Hog Is, marsh and Scme
Fall b/w Pan wesftern Java
col Nat 21 /2 5000 1:10, 000 forest
col IR »
U. of 11/6/70 b/w IR . 5000 1:10, 000 Beverly Beach to Yes
Mich, b/w Pan Shadyside (2 flight
DC-7 col Nat lines}
T col IR
scan bands: ,32 - .38
) .40 - . 44
.44 - 46
.46 - , 48
.48 - .50
.52 - .55
.55 - .58
.58 - .62
.62 - .66
.66 - ,72
.72 - .30
.80 - 1,00
4,50 - 5,50
§..00 - 14,00

13



Table 1 (Continued)

Flight Date & Irnagery Amount Altitude Area
# — Season Type {frames) (feet) Scale Covered Stereo
32 11/8/70 b/w IR 44 ea. 1200 1:2400 Beverly Beach to Yes
Fall b/w Pan ' Shadyside (2 flight
col Nat 1:10, 000lines)
col IR :
36. 12/5/70 b/w IR 80 ea. 2500 1:5000 Parts of water- No
© 7 Winter colIR 1200 1:2400 shed
col Nat 10 ea. 1200 1:2400 4 test sites Yes
(2 sets)
43 2/2/71 b/w IR 56 ea. 5000 1:10, 000 Whele watershed Yes
col Nat '
col IR ‘
48 3/16/71 col Nat 25 ea. 1200 1:2400 4 test sites Yes
Winter col IR -
51 4/13/71 col Nat 68 ea, 1200 1:2400 5 test sites Yes
early’ col IR B
spring 5000 1:10, 00CWhole watershed Yes
57 5/5/71 cel Nat 63 2500 1:5000 Most of Rhode Yes
Spring col IR River watershed
60 5/18/71 col Nat 108 1200 1:2400 5 test sites Yes
col IR 2500 1:5000 Whole watershed
73 7/13/71 col Nat 16 ea. 1200 1:2400 5 test siles Some
Summer col IR 80 ea. 2500 1:5000 Parts of Water- Sonne
shed
80 8/24/71 col Nat 103 ea. 3500 1:7000 Whole watershed Scermne
Late col IR :
Summer
89 10/7/71 col Nat 43 ea., 5000 - 1:10, 000Parts of watershed Some
Fall . col IR
IR-71- 4/7/71 MAIRS 9 2000 1:10, 000Most of watershed
21 Early Modified and estuary
. Spring AM-AAS-
‘ 18
71-67 11/15/71col Nat 140 3000 1:6000 Most of watershed

.



TABLE 2

————

HYDROLOGICAL CONDITIONS DURING NASA OVERFLIGHTS

Water Dissolved
Flight Starting Temp. Salinity Oxygen Turbidity Tide Level #
# Date Time {°C.) (ppt) pd (ppm) {JCU) (feet)
15 6/30/70 1000 24.5 8.7 L 7.0 15 6
17 7/1/70 1500 27.0 8.4 . 7.5 . 5.5
RB-57: 9/22/70 1530 27.4 L 8.4 8.5 L .
144(2)
27 10/17/70 1300 17.0 13,0 8.1 6.6 L 4.0
"U. of 11/6/70 1430 12,0 11,4 8.2 8. 4 . 5.7
Mich, :
3z 11/8/70 1500 12.4 11.4 8.1 7.5 - 6.1
36 12/5/70 0900 8. 4 12.1 o 11.4 - L
43 2/2/71 1330 8.2 o 6 L
48 | 3/16/71 1600 10, 4 6.1 9.0 13,6 16 5.5
51 4/13/71 1200 13.8 7.9 11.0 o A______
57 5/5/71 0930 o L . L
60 5/15/71 1020 13.0 6.9 8.0 9.4 6.7

S1



Table 2 {Continued}

Water ‘ . Dissolved
Flight Starting Temp. Salinity Oxygen Turbidity  Tide Level %
¥ Date Time (OC. ), {ppt) pH {ppm) (JCU) (feet)
73 7/13/71 1300 27.5 . 8.0 6.7 6.4
80 8/24/71 1000 o
89 10/7/71 1230 21,2 10. 4 8.5 9.0 20 5.8

% Water level at end of CBCES pier

91



TABLE 3 - }

WEATHER COMNDITIONS DURING NASA OVERFLIGHTS

, Daily Cloud % Wind Wind Ai: Temp.
Flight Starting Precipitation Ty pe Cover © Speed Direction Daily C.
_# - Date Tirne {Inches) (Daily} (Daily) {rmph) Max.  Min,
15 6/30/70 1000 0 clear 0 8 SSW 34,5  18.9
17 T1/1/70 1500 0 clear 0 6  E 30,0 19.4
57:144  9/22/70 1530 | o clear 0 L 35, C 8.3
(2) ‘ |
21 10/17/70 1300 0 cirro- 10 . 0-10 W 12, 3 1.7
. cumulus '
U.of 1176770 1430 0 clecar 0 5-10 WNW 16 ¢ 1.7
Mich. o
32 11/8/70 1500 0 - 0- 5 E 173 3.3
36 12/6/70 0900 0 cumulus 0-40  0- 5 s 21 1 2.2
43 2/2/71 1330 0 5 WNW 10,0  -l4.4
48 .3/16/71 1600 0 cumulus 0-40 10 sw 21.1 2.2
51 4/13)71 1200 . ____10-15  ESE 2.1 - 1.1
5/5/71 0930 0o cumulus  0-106 45 7.0
60 5/18/71 1030 L s NE L L
73 7/13/71 1300 0 cumulus 20 L L 27.8  17.i.
80 8/24/7} 1000 0 clear 0 0- 5 - 27.2 1m0

39 10/7/71 1230 clear . € 7

[ I 3



COMPARISON OF FILM TYPES IN PHOTOINTERPRETATION

Natural color and color infrared film werer found to be superior
_jz_ytlj.is study to panchromatic and black and white infrared film for
plant species identification and for‘ dcetection of soil mois'.cure,. drain-
age, siltation, and turbidity. .This ciifi"erence is largeiy due to the
additional information provided by hue and chroma chafacﬁe ristics
of color as opposed to only value (light and dark) characteristics of
"~ black and white film. The relative merits of coler infrared and
natural color film for vegetation study are not agreed upon by photo—
interl?reters. Northrop {1968) studying mixed hardwoods in Alazbama
.and Hrumpe (1971} working in mixed‘hardwoods in Tennasse¢ agree
that natural color is superior to color infrared {or tree species ideu-
tification. Anson (1506}, studying focrests in South Carolina and
Maruyasu et al (1971) in Japanelse deciduous forests, claimed the
superiority of color infrared-over natural color photos. The latier

LY
investigators also reported color infrared sﬁperiority in evaluating
forest mixture: types, crown densities, stand composition with height
classes, and ground flora. Pestrong (1970) working on San Francisco
Bay marshland and Andf,:rson (1971) étudyihg marshland in Che:‘fapeake

Bay state that color infrared is superior to natural color while Egan

and Hair (1971), also working on Chesapeake Bay marshland claim

18
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the superiorizy of natural color used with microdensitometry in the
red band region. Those investigators maintaining that natural color

is inferior to color infrared film invariably mention the haze prob-

lem, a factor mentioned in this stud};', which is dependent on flying
altitude and to some extent season. A near consensus of opinion
is reached with regard to drainage mapping; the prresent investigators
agree with Pestrong {1970), Anson (1966), and Norton {1964) that
color infrared is superior to natural color. Anson also adds that
natural color is supecrior to infrared color for mapping soils and
culiural features.
In this study it was found that no clear distinction could be made
bet\v_ee_n the cffectiveness of natural color and color infrared film,
Each type had advantages a.nd'disadvantages in different instances.
Generally, natural color film was better for vegetation interpretation
if haze during exposure was negligible. Natural color was less con-
fusing than color infrared, especially in fall when colors were greatly
v A ,
varied; with natural color it was possible to translate {field experience
directiy into photointerpretive ability. This \ﬂ'as especially useful
in marsh and forest _vegetatioa mapping. Under haze conditions,
caused either by weather or flying altitude, color infrared was é)refer—
able. Feor interpretation of drainage patterns,color infrared was

superior, while for sedimentation detection, natural color was more
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desirable. Comparisons of the relative effectiveness of the two types

of film under specific conditions are given in Table 4.
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. TABLE 4 e

FACTORS AFFECTING PHOTOINTERFRETATION |

Cround . Cultivated Salt

Feature Deciduous Forest - Pine Forest Fields Qld Fields Marsh Other

Film : &

Types

Naturalk/Species subcanopy Discernible by ‘ Recognition by - Species recog- Species G Drainage F

Color ({Spring) F color ' G texture G nition G . (winter, early
Spécies canopy (winter) A {fall, winter, spring)
{ summer)} G . spring) AquaticVeg, ¥
Species canopy - Discernible by Recognition by Estuarine
{{all) G texture F color F Siltation G

[~
(other seasons} -

Color Subcanopy (spring) G Discernible by Sarae as above Species recog- Species F Drainage. G

Infra- color G nition F (winter, early .-
red Canopy (summer) F (winter, summer, {fall, winter, spring) '
spring} spring) ' AgquaticVeg. F
Canopy {fall) G Discernible by Evergreen Estuarine
texture o Component Siltation P
(fall} Recognition ‘ '
' {(winter) G

G = good detection
F = [air detection
P = poor detection



Table 4 (Continued)

Ground _ Cultivated t Salt
Feature Deciduous Forest - Pine Forest Fields 0ld Fields Marsh Other
] .

Altitude

(Alt. /Scalé species recognition: species recognition: crop recognition: species recopnition: species Estuarine

Ratio = 1:2) 1200, 2500 ft. G below 5000 ft. G 1200-5000ft. G 3500 ft. & below G recognition: Siltation,
3500, 5000 ft, F above 5000 ft, P above 5000 {t.F-P above 3500 ft. P 5000ft. & current

above F flow;
age class distinc- : below 5000 ft. G
tion: ' 5000 ft. G bhelow
under 5000 ft. ¥ _ : 5000 ft.P
_______ 5000 ft, G ' ' :

Haze for all recognition purposes, usefulness of natural color much reduced, infrared color slightly reduced.

Season phenological discernibility & - crop recognition; dense stand recog- species = soil con-
species recognition: species recognition: summer~{all G nition: recognition: ditions:
spring G winter G winter-spring F winter G winter,
fall G summer, fall, fall, spring, sum- early
winter & summer F spring F mer N , spring G
structural feature ‘
recognition: evergreen ground- sunime r, fall, sum:
summer G cover recognition? fall G mer
winter G - winter : G winter, (after
spring & fall F | other seasons P spring F plowing

only) F

G = good detection
F = fair detection
P = poor detection

-ZZ-



PHOTOINTERPRETA TION OF VEGETATION USING COLOR AND
o STRUCTURE

In recent years, much emphasis has been placed on golor as a
tool in photointerpretation of vegetation types and individual species
{Heller et al. 1964, Krumpe 1971, Krumpe et al. 1971a, 197ib,.
Northrop 1968, Northrop and Johnsoﬁ 1970, Sil.vestro 1969, and
Parry et al. 1969). Color has proved to be very uséful, and in some
cases indispensable for‘ correct identification of deciduous forest
species. However, the tendency has been to rely heavily on colox
comparisons between transparencies and the opaque Munsell coler
standards. These s'tandards ave precisely classified according to
hue, chroma, and value. There are a number Qf drawbacks to the
use of Munsell standards iﬁ vegetatio_n photointerpretation; (1) color
fidélity of aerial films does not warrant such précise color classifi-
cations. Color varies iroaﬁ frame to {rame énd from the middle of
‘ tl;e frame te the edge {vignetting), resulting in color value changes
(Parrﬁr et al., 1969) Norton {(1964) recommends standardization of
exposure and processing of film as well as standardized lightigag for
viewing transparencies and color standards. (2) The visual com-
parison of an opaque color standard.with z transparent color leads
to subjective errors since t‘l;.e types of light reaching the evye,

reflected vs, fransmitled, are different in quality, {3) Color ranges
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A

“represcntative of a given spcciés a-re difficult to pinpoiat due to
(a) variation in relative rates of color cﬁange withir the species,
'within a season and f'rom year to year, and {b} variation in color

'_ra.nges between individua_.ls of the same species and sometimes

within a single individ\:;al due to seasonal idiosyncracies, -habitat,

age, and genetic makeup of the individual. Krumpe (1971) and

Krumpe et al. {1971a, 197lb) tried to overcome the variation factor

by standardizing the phenological state at which his forest study

area should be observed and by differentiating the "cluster” or

most common color range of a species at that time from the

“phase' or more variable and less common colors characferistic

LI - i-
g crown Rey

v

eatigalor using Hrump

of the species, Thus, &n i

can get some idea of which colors 2re the expected ones for a

shbecies at.a given time of year. It becomes clear that absolute

. color is not as important as relative color in species differen-
tiation, or, in the words of Anson (1966} '"color fidelity is not

as much a consideration in photointerpretation as color differen-

tiation. ! o

--Color criteria notwithstanding, crown structural character-

istics are also important for species identification, especially in
" the case of conifers. Northrop (1968) recommends the following

structural characteristics for usc in forest photointerpretation:
)

s
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crown texturc, .shape, size, pattern, and shadow. Heller et al.
{1964) also includes crown apex shape, crown margin, limb

exposure, branch shape, and tone spots in thé crown. In the case

e

of conifers, Sayn-Wittgenstein (1960) emphasizes that despite

minimal coldf differences, cm}ifers are easier to differentiate
than hardwoods by structural characteristics because of ;cheir
regular growth pattern.

In the ﬁ:reéent study, both covlor and structural characteristics

as well as habitat and topographic data {recommended strongly

by Northrop, 1968) were used for species identification in forests,

marches, old field, and cropland. DBoth color and texture were

necessary in the spring for differentiating beech and tulip trees

™

rom later-leafing trees such as ozks and hickovies, Color was

an excellent criterion for differentiating tree species in the {all
ot .
Lt . - -~

while in winter and summer, structural characteristics were more

important. Color in winter was useful for differentiating beech
. :
and sycamore from species having darker crowns. For crop

determination, texture was more important than color differences,

In winter and spring, cultivation patterns could be used to predict

crop type when color was of little use. Aerial criteria most

‘useful for difierentiati'ng types of vegetation are given in Table 4.

-

+



DRAINAGE MAP OF RI-IODE‘RIVER WATERSHED

The drainage map of Rhode River watershed (Figure 1) was

constructed primarily to sétisfy a reciui‘rement for detailed and
up-te-date hvd I‘Dgraph'ic data by the CBCES research program.
Since the most recent and detaile-d coverage of the watershed is
provided by photographic flights under the rcm'ote: sens;;g program,
the preparation of a drainage map offered an opportunity to com-

pare the valuces of natural color and infrared color photography
for the detection of hydregraphic features. i
The drainage map shows all discernible streams, intermittent

channels, marshes, and natural or artificial ponds. A gray

Q'?'n_rr
1ng

Fty

+1 -t el et
the watcrshed pro-

[o N

n

ScCreen represen the forested porticns ¢

vides & background, since forest extends along most of the stream

courses. The boundaries of the forest indicate the watersheds of
tributary strearns, including those which were dry during prepara-
tion of the map, Major roads are included on the map for help in

orientation. The boundaries of the watershed were drawn from a .

topographic map.

All data for the map were cropied from 9x9 inch transparencies

photographed in April 1971 at a scale cf 1:10, 000 {flight 51). This
flight was chosen because the predominantly deciduous forest of

the Rhode River watershed had not yet begun to develop foliage, so

;
¢

4
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v

. that streams running through the forest were readily discernible, -

The forest outlines, roads, and hydrographic-data were traced from

_each transparency onto sheets of acetate, since it was impractical,

- -

to cut transparencies from the roll of film. The acetate sheets were

then assembled into an uncontrolled mosaic of the Rhode River water-
Cam

shed, and the map was drawn from this mosaic. Slight distortions

- —

in the individual photographs tended to produce cumulative distor-

- -

ticns in parts of the mosaic, so that frequent corrections were

. . - Pl

needed. Distortions on the assembled map never exceced 1/4 inch

* {equivalent to approximately 200 feet on the ground) and are usualiy

.

much less. Greater accuracy would have required the use of

spacialized cartographic equipment, which was not available,
The comparison belween natural color and infrared color filin

was made by first tracing the hydrographic and basc data from

- —-

natural col: r film, then comparing the tracings with corresponding

infrared color film, Natural color proved satisfactory except for

Er

determinin:, he courses of narrow streams and intermittent drzinage

channels, ard for dellrniting swampy areas. For these purposes,

the infrared color was superior, since all water surfaces showed

x *
a - -

‘blue 1:ainst a predominantly reddish brown background, whereas
natural color offered much less contrast. Approximately 20% of the’
streams required revision after comparison with infrared ceolor

film, usually in the upper reaches of the watershed. A few sireain
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courses could notAbe accurately tracéd even .on infrarcd film,
either b«cca;use the overlying vegetation was too dense or because
the ravines were Foo na.rro'l.v. These obscure c‘OurscsluSually
___interrupt discernible portioﬁs of the streafns, and are shown on the
m-ap by broken lines. Broken lines also show intermittent channels
at the source.s of streams.- The bwoundaries of frcshwéttler marshes
and swarmps were easier to>.determine on inf}'are-d film b-ecausc of
the bluish tiﬁgc in wet areas. Salt marshes were casily recognized
on both types of filrn, since they contrast sharply in color and tex-
ture from the forest which usually borders them.

The names of streams and marshes on the map were chosen

.

o

Swamp. These latter streams are the only ones named on recent
¥

U. :‘.‘g. Geological Survey maps. It'was__dccided to name the other
stre—-éms in anticipation of an increasing neced to refer to them in
research projects throughout the watcrshed. Personal names, {ormer
place na,:mcs,. and names desc:rip.tive of conditions at the sites were used.

Estuaries were given the names that already appear on the U. S.

Geological Survey maps.



VEGETATION MAJP OF RHODE RIVER WATERSHED

-

-

The vegetationl map of Rh.ode Rive;- watershed {Figure 2} was
—eeiistructed to show specics c:omposition.of fore‘st areas and aban-
doned ficlds for research p‘roject.s b-y the CBCES. The nj:a'.p fa:;ili-
tated the interpretation ofwl:i}r_note saﬁsing data in the various {orest
' habitats fhroughout the watershed,-‘and improved photointerpretive
techniqgues.

The map shows the distribution of seven major cover t‘ypes:-
de-ciduous and coniferous forest, culti\-.ated and abandoned {fields,.
freshwater and salt marshes, and residential areas. The mép
describes the dominant and ‘subordinate species found at approxi-
mately 500 sites within the forest and abandoned- fields, which
together cover app-rox%mately_ half the watershed area, Cultivated

fields cover most of the remainder of the watershed, but since the

. ' f

crops grown on them are {requently changed they are not described
on the map. The vegetation of residential areas (except preserved
stands of foresi) is not described for the same reascn, Most of the
marshes are too small to be adcequately described on a fnap of this
scale, buta se‘para.tc' section of this report describes the vegetation
of the two largest salt marshes, ‘ -

A prototype of the vegcetation map was constructed from a maosaic

.of black and white aerial photographs tzken in 1968 at a scale of

29
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Figu
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1:5, 000. This scale was excellent for recording field data but was

1

too large for inclusion in this report. The final version of the vege-

tation map was drawn from the outlines of the drainage map (Figure

1) at a scale of 1:10, 000. The natural color and infrared color

photos used to prepare the drainage map were then used to locate

s

preciscly the major cover typesA on the watershed. Infrared photos

. proved more useful than natural color photos for this purpose since

- -

they more accurately revealed not only the boundaries of marshy

‘areas but also the distribution of coniferous forest and evergreen

. subcanopy vegetation in the deciduous forest and abandoned {ields.

In contrast to the drainage map, preparation of the vegetation
map required the collection of extensive ground truth. The species
composition of the forest canopy and understory was noted whenever

any change in the dominant species was apparent, dominance being

£l

subjectively f;._ctermined in each forest habitat by the relative size

and abundance of each species. The presence of evergreen shrub and

ground layer .:getation (principally honeysuckle) was also noted.

H

It was impréctical to delineate the boundaries of canopy cover

types. in the deciduous forest, either by recognition from aerial photo-

-

"'graphs"‘v;‘r from ground'observations, becausé the types graded into

each other. Species composition of a forest area may be determined

by comparing descriptions of the vegetation at several points within it.
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The drainazge patterns of the forest, shown by the courses of streams,

setation

indicate the distribution of streara valley and flaodplain veg

cover types.-

C_ionifcrous Vi‘or‘est stands are represented by a patiern when
cot;ifcrous trees ;Z:OIIS'I.itt.Ite 5% or‘rmore.of the canopy, but more fre-
quently the conifers are scattered through the deciduocus forest without
forming definite stands large enough to be représénted on the map. In
these cases, the pattern for deciduous forest is used, and coniferous
specles are mentioned as co-dominant or subdominant to the hardwoods
at individual sites,

The specics composition af vegeta_tic;n cover types on the map is

represented by combinations of symbols, the symbol for each species

usually being the first letter of its common name. This svstlera makes
s &

[

t casier for researchers in different dilsciplines- to interpret the map.
BecaL;se the species of some genera such as oak and hickory are dif-
“ficult to distinguish on aerial photcgraphs, it was decided not to separate
these.species on the map. In these cases, the first letter of the com-
mon generic name i5 used. When two or more names begin with the
same leclier, they are distinguished on the map either by the addiiion

of 2 guffix or by using the first letter of the generic name. For _Qxat-.‘:p}c,
the ‘I(-zttcrs H, Hb, and Ho on the map denote hickory, hornbearn, and

holly. But hercules-club is more easily distinguished by the letiers
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i
+

Al, for Aralia, its generic name, . The selection of ietters for these

1 symbols kas becn arbitrary, determirned by convenience and to mini-
3 B

4

mize confusion of species. Table 5 gives the symbols ard their

respective species. In addition to the letter symbols used to denote

species, a few asierisks and parenthcses are used to distinguish

dominant, sub-dominant, and understory species, as well as young
. stands, lumbered stands, 2nd stands with thin canopies but dense

understories.’



TABLE 5

SYMBOLS USED FOR THE VEGETATION AP OF RHODE RIVER
WATHRSHED ‘ :

Aspect of Stand

* denotes sapling-sized stands

-+ denotes-recently lumbered stands now growing back

b

® denotes a stand with thin canopy, not necessarily as a result of

- s

lumbering.

~ separates dominant species {left) from subordinate species (right)
in the canopy

{) encloses understory, shrub layer, and ground layer species

Species Symbols

Agd Alder (Alnus serrulata)
Al Tree of heaven {Ailanthus altissima})
Ap Apple {Pyrus malus)

Ar Hercule:-s" club (Aralia spinosa)
B” ‘Beech (Frzus grandifolia) ' BN

Be Box elder (Acer negundo)

Br ‘Birch, river (Betula nigra)
C Che:l‘ry, black (Prunus serctina) g
Cy Cypress, bald (Taxodium distichum)

D chwcﬁod, flowering {Cornus florida)

E Elm, American (Ulmus americana)

35
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Ed Elder‘(S&;nbucus canadensis)
F Ash -_(Eraxinus spp. )

Gb Greenbriar {S:nilzix rot.undifol{a}

- . -

Gs Grass, short {species unspecified)

Gt 7Grass, tall {Species unspecified)
H Hickol‘y {Carya glabra, C. tomentosa)

Hb Hoiibeam, American {lCarpinus caroliniana)
Ho Holly, A.mericén {Ilex opaca)

Hs Honeysuckle, Japanese {Lonicera japonica)
J Jl;riiper {(Juniperus virginiana) -

K  Mountain laurel (Kalmia latifolia)

L Loc.ust,- black (Robinia-pseudoacacia)

M . -Maple, red {Acer rubrum)

N - Sour. gum {Nyssa sylvé,tica}

O Oazk {Quercus spp. )

'P Persirnn’:gn (Diéspyros 'virginianz‘l)

Pa - }saulownié{)-;Ps.iulownia torncntosa})

Fi I:T’oison i.v*,; ‘.(Rhus radicans) i
Fo Poplar (Polpulus grandidentata)

Pp Pe:.wpziw (Asimina triloba)

. »
T

Ps ‘»‘fhitc:.pir}e {FPinus strobus)
Pt Lobiblly pine (Pinus taeda})

Pv Virginia pine {Pinus virginiana) .
g B
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‘R Raspberry {Rubus spp. )

g

Sa

Sb  Spicebush (Lindera benzoin)

Sweetgum {Liquidambar siyraciflua}

Sassafras (Sassafras albidum) - :

Sm “Sycamore {Platanus occidentalis)

Su Staghorn sumac (Rhus typhiné'.)

- T

Tuliptree (Liriodendron tulipifera)

Tv Trumpetvine (Campsis radicans) '

v

Viburnum (species unspecified)

Vt Grape {Vitis spp. ) _ S

W

Walnut {(Juglans nigra)

Wl Willow, black (Salix nigra)

Ws

Weeds,

short funipecified)

Wt Weeds, tall (unspecified)

Examples {rom

" OST > BrPv

{SHs)

{(ArD>0SHs)

- B

i

the vegetation map:

Canopy of cak {une or more species), sweaigum,
and tuliptree as dominants, river birch andg
Virginia pine as subdominants. Understory of
Sweetgum; ground layer of honeysuckle.

) Recently lumbered stand of beech (thin canopy.
dense understory). Understory dominated by
Hercules club and dogwood, with young or
sprouting cak and sweetgum as subordinates.
Ground layer of honeysuckle,

i
- f



CORRELATION OF CROUND TRUTH WITH AERIAL PHOTOGRAPIS
FOR FOREST SPEZCIES IDENTIFICATION

e

& . ’ - -

An intensive -study on identification of forest-species, by combining

ground truth and remote sensing data, was made on a 5-acre site. The

study revealed several fairly reliable criteria which influence this

sdeniification. Precautions and techniques were determined which are
applicable to simmlar studizs 2lsewhere. The relative accuracy of
photo identification obtainable varies with the species, season, and

ty pes of photography employed. Significant correlations of ground

truth and remote sensing imagery were obtained on 2n oval-shapad
island (Hog Island) at the mouth of Muddy Creek {see Figure 1} The

island supports a mature mixed upland hardwood canopy of white and

-

black cak species, sour gurn, and scattered Virginia pinc. The

undesstory consists of beech, oaks, and sour gum, with an ericaceous

shrub layer predominantly of mountain laurel and blueberry. The
island is especially valuable for a ground truth correlation study
because an accurate survey grid covers both the island and adjacent

salt marsh. This survey grid provides fixed landmarks at 100 meter

intervals, two of which occur on the island. Although the landmarks

on the island were hidden from the air by the forest canopy, thd r

approximate position could_ be determined on aerial photographs by

measuring distances from other landrmarks located in the surrounding

s 38 - :
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salt marsh and marked with tarpaulins to insure their vilsibility from
the air,

Ground truth data were collécted in theé autur.r;n of 1970 and in the
spring and sumwmer of 1971. The presence of the survey grid made it
'Iea-sible te map tile positions of individual tree trunks using an alidade,
plane table, and stadia rod. Spring and autumn phenology were noted
for distinctive species. The large number of trees on the island made
it impractical to map them all, so only those trees having a trunk
diameter greater than eight inches at breast height (approximately
4 1/2 feet) were selected for mapping. This eliminated most of the
understorv trees, but it was expected that the canopy trees would mask
them on aerial photos. The trunk diameters of the mapped trees were
recorded, to facilitate their c;)rrelation with the appropriate ¢rowns on
the aerial photos. Many understory trees showed up on the photos,
espec.ially when the scales were enlarged, Since many of these trees
belonged to different species l(beech) than those of the cancopy (oaks and
sour gum), it would have been worth while to map them. The position
of evergreen subcanopy species (principally‘mountain laurel) would
also be useful for correlation with photos in the winter and early spring.
However, the major ef._f_ort reqguired and the crowded appearance of the A
map which would have resulted discouraged the collection of these sup-
plementary data.

A total of 182 trees were mapped. These included most.of the canopy

trees on the island except at the southern tip and southwestern slopes,
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where the ;stccp terrain seriocusly 'reduce:.c;l the accuracy of the mapping.
Problems with stcep terrain on the western and northwestern sides of
the island. were con‘"ecte-d_by mapping trees along tne perimeter of the
-island from survey points in the n)arsiz. Pine trees, dead trees, and
trees leaning out over the marsh-were mapped in axltici:pat:xczu of their
“value as landmarks on-thc aerial photos.
-
| The ground truth was compared with both natural color and
infrared ¢0101‘ photos taken at all seasons, to establiéh correiations
between the mapped trunks and the appearance of the crowns. The
films which proved most useful were flight 51 (late winter), flight 57
.(spring), fllighf. 73 {surnmer), flight 89 (mid-auturnn), a_ncl flight 32
(late autumn). Natur-:—}l color was goc-:d for the identification of hardwood
species-at a1l seasons, whil;: coler ii—-:ira'reci was most uselful il: the
autumn and to a lesser exteni in winter and spring. Infrared imagery
often proved nelpful in verifying identifications mad»&_‘ .b,‘.‘.om natural color,
The values of these film types and seasons in identifying tree species

at Hog Island i.re sumnmarized below.

Season Altitude {feet) Natural Color Inirared Color
Tate Winter 1200 Good for evergreen Goed onlv for
{fligh’ 1} - spectes. Zond for evergrecn species,

locating beech (by
while bark)}. Fair
for locating oaks
{by branching habit).
Poor for locating
tndivicual rrungs
O, I's

e Iiae b ot sina

shadowa,
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Altitude

Seascon eet) Natural Color . _ Infrared Color
Spring 2500 Good for locating beech Good for verifying
. {flight 57) - even in cnderstory by beech. but tends to
| rrcwn texture and colur. contuse them with
(Leaves are rmuch brighter pire.
green than oak or sour
- gum. )
Summer 1200 Good for distinguishing Good mainly for
{flight 73) oaks by branching hzbit. locating dead trees.
Fair for distinguishing
soui gumn.
Mid-zautumn 5000 Goced foy iocating sour
{flight 83) gum (leaves turn red
eariy;.
Late autumn 1200 Good for 1ocating.oaks Fairly goced for
(flight 32) and beech by crown separating species by
’

culor and branching. crown color,
Fair for locating sour
gum {leaves gone).

Correlations between fra:sics on the above ﬂights.w\ere necessarily
approximate, because distortions in the photc_;ng raphs preventad exact
" matching, even when the scales were the same. The use of 2n enlarging-
reducing table at NASA wWallops facilitated this matciling, but the time
was insufficient for making all potential correlations. Trees around the
perimeter of th;a island could be matched fairly well by viscal comparison,
An overhead projector at the Smithsornian Instiiution was used to match
the above flights to the tield map, with moderaf.e success.

Correlations betwet:en the photograph; and ground truth proved féirly

accurate toward the middle of the island, where the terrain wes relatively

flat, and at localized points arournd the perimetér. Slight distorticns in
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the photographs and inaccuracies in the g:_-ound truth both of which
were intensified by the steep terrain around the sides of the island
_and by. the tendéncy of tre'eé to lean instead of growing straight,
a;._;.j_gqunted for t};is difficulty. It was necessary to shift either the
.}—)-hoto or the map repeatedly, and attempt correlations at only one
;egment of the island at a time. Si.n'(:e hole diameter is a fairly good
indicator of crown dia;neter, the diameters of the tree trunks ware
recorded as part of the ground truth.,  These proved to be a useful
guide for rr;atching a given trunk with one of several adjacent crowns
on the photo. Correlaticn of the largest caxiopy -trees, which proved
fairly accurate, utilized the late autumn data (flight 32) and comparison
of crown characteristics of the trees on frames from the other flights,
especially flight 73, )

A map of all the discernible tree croﬁns 6n the island (F‘igure 3)
was drawn from a 3X enlargement of a frame from flight 32. The map
shows 260 ¢crowns, of which 15;6 have been identified. Only 54 of these
identifica;tions were made or verified by comparison with the ground B
truth map; the remaining crowns either could not be matched to trunks
shown on th? ground truth map or were not included in it. The ground
truth map she 15 182 trees.

The rerx;;ainﬂ'ng identifications were made on the basis of crown char-
acteristics at.a.s many seasons as possible, to achieve the best reliability,

The success of identifications by species and season is sumtnarized in

Tabic 6.
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Figure 3

TREE CROWN IDENTIFICATIONS:

HOG ISLAND

IDENTIFICATION
D O0AK (ALL SPECIES)
e
'Yy BEECH

HHE soUR GuM
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A POSITIVE
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Prepared by Danial H‘igm.n
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TABLE 6

IDENTIFICATIONS OF TREE CROWNS: HOG ISLAND

Number of

OAK (canopy) . Individuals
Identified by winter aspect (flight 51} 14
Identified by spring aspect (flight 57) . 0

Identified by summer crown characters (flight"??)) 3
Identified by late autumn phenology (flight 32) 10
Identified by ground truth map €

BEECH (chiefly understory)

. Identified by winter as.pect (flight 51) 9
Identified by spring aspect {flight 57) 36
Identified by summer crown characters (flight 73) 0
Identified by late autumn phenolc;gy {flight 32) 37
Identified by groundrtruth map _ 2

SOUR GUM (chiefly canopy)

Identified by winter aspect (ilight 51) 0
Identified by spring aspect (flight 57) 0
Identified by summer crown characters (flight 73) 2
Identified by mid-autumn phenology (flight §9) 6
Identified ';y late autumn phenolo‘gy {{light 32) 50

Identified by ground truth map 8
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The identifications tabulated above are not cumulative, since the

same tree was often identified on more than one flight.

are

The criteria used for estimating reliability of crown identifications

Correlation of ground truth with

v

photos from two or more flights = Positive identification

Correlation of the ground truth map

. and photographs from one flight, or

of photographs from two flights

without the ground truth map = Good identification
Identification by ground truth alone

or by photographs from one flight

only = Tentative identification

These reliability estimates are shown on the crown identification

map of Hog Island {Figure 3). Almost half the oaks were positively

identified whilz most of the sour gums and beech understory were

tentatively identified.

The identifications of tree crowns shown in Figure 3 and Table 6

result from two different kinds of correlations: correlations between

the ground truth map and frames from one or more of the flights con-

sulted, or photointerpretive correlations resulting entirely from the

aspect of a given tree on one or more of the flights, with reference to
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structural or phenological features characteristic of particular species,

The latter technique was resorted to-when tree trunks on the ground

t
1
i

truth map could not be matched to crowns observed on the photographs.

It was possible to extrapolate frem the crowns which did correlate

with the ground truth map to those xvhic:h did not, using late autumn
phenological and structural chafacters {flight 32). First, the natural
and infrared coloration of 130 crowns was described from the photo,
whether ,the‘ trees being described had been included on the ground

truth map or not. Then 54 of these‘crowns were correlated with the
ground truth map using an overhead projector. The correlated trees
were grouped by species, and the range of crown colors for each spécies
were not;ed (See Table 7). ’

Most of the oaks on the 'grﬁund truth map exhibite.d a variety of
yellow-brown na‘tural' crown colors on flight 32 and most cf the sour
gums were already leafless. Only two beech were canopy trees and
therefore inéluded in the ground truth map, and only one of these could
be correlated. The range of crown coloration for all species of oaks
did not permit a reliable separation of species by coloration, either
with natural or infrared ;:olors. Since the natural colers within each
species showed less variation for individual trees than did the infrared
‘colors, the natural colors were chosen as a basis for possible extr-apo-

lations.

Of the eight sour gums listed in Table 7, two were leafless. The
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rest exhibited the same range of color as oaks, but this was probably
because leafless gums were being masked by other species. Since
} ) .

observations of autumn phenology (See Table 8 } show that sour gum

leaves turn red quite early in the autumn and then fall off, it was

considered safe to assurne that any such trees showing this characteristic
on Hog Island wouldl proba‘t;ly be sour gums. The only other local species
having this distinctive autumn pher:.lology is the flowering dogwood, but
neither the ground truth data nor an examination of fligh-t 57 (taken in
May when the dogwoods were in flower)} revealed the presence of any
dogwoods on the island. The possible confusion of leafless sour gums
with dead trees was eliminated by comparison with the grqund truth
data and flight 73 {taken in July).
Extrapolations were attempted for 49 trees which had been describad
from fligilt 32 at the 1:1200 scale but which did not rnla.t:ch any trunks on
- the field map. The d’escr;'.ptions of theiz‘: crowns were {irst compared at
the 1:1200 scale and the 1:800 enlargement to get additional correlation
data, but many of the ¢rowns which had appeared single on the smaller
scale proved to consist of two to five crowns, coften differently identified,
on the larger scale. This situation eliminated 26 trees (as described on
the smaller scale) from further attempts at extrapolation. Tentative
identifications ofr the re-maining 23 trees were made by comparing the

descriptions of their crown coloration in natural and infrared color with

those of trees already identified in Table 7. Of these 23 trees, 7 had
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already been identified from other flights., The remaining 16 were

added to the map {(Figure 3).



"TABLE 7

SPECIES OF TREES CORRELATED WITH LATE AUTUMN CROWN

; COLORATION
No. on field No. on .
\-_.‘.kSpg,chi_g_s map photo Infrared Color Natural Color
White oak 3 65 Lavender-gray Medium yellow-tan
{Quercus alba) i3 - 130 Lavender-gray Pale yellow-tan
' 24 66 Lavender-gray Pale yellow-tan
s 40 76 Lavender-gray Medium yellow-tan
/ 48 99 Rust red-orange Pale greenish brown
i 54 [ Pale purple-pink Medium yellow-tan
| 55 45 Pale purple-pink Fale green-yellow
- 57,162 45 Pale purple-pink Medium yellow-tan
_! 58 80 Lavender-gray Pale yellow~tan
: 63 52 Pile purple-pink Pale yellow-tan
64 35 Pale yellow Dull yellow-tan
i 68 115 Pale purple-pink pale yellow-tan,
‘ 73 122 l.avender-gray Rust yellow-tan
80 - 33 Pale yellow Pale rust brown
113 64 Lavender-gray Yellow-tan (yellow-pin=
- 118, 119 9é Lavender-gray brown) "
143 67 Lavender-gray M
150-151 62 Pale purple-pink FPale brown yellow-gre
158 57 Pale purple-pink Pale brown yellow-gres
- 160 27 Yellow-green Pale rust
Red & Black Oak 31 77 Lavender-gray Medium yellow-tan
{Quercus rubra) 30 118 Lavender-gray Pale yellow-tan
 {Q. velutina) 56 78 Pale purple-pink Pale brown yellow-gre«
: 70 117 Red-orange Rust yellow-tan-green
72 81 Lavender-gray dull yellow-tan
76 39 Red-orange Brown yellow-green
47 68 .- Leafless
86 80 Lavender-gray Yellow-tan (yellow-pin:
Brown)
94 28 Yellow-green Dark rust
132 37 Pale yellow Pink-brown-yellow
142 112 Red- rust-orange Pale yellow-green
169 21 Bright yellow-or- Rust
ange
67 Lavender-gray Yellow-tan {yellow-pin

174
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Table 7 (Continued)

No. on field No. on .
Species map photo Irfrared Color Natural Color
Spanish Oak 10 59 Pale purple-pink Pale green yellow
(Quercus falcata) - 38 49 Pale purple-pink Pale green yellow
28 51 Purple rust Pale green yellcw
B - 74 123 Yellow-green Pale rust brown
75 39 Red-rust-orange Pale brown-gree=
v 77 108 Rust brown
78 56 Pale purple-pink Pale brown-yelic~
8l 54 Pale purple-pink Pale brown-yeilc”
103 91 Lavender-gray Yellow-tan (yeliov
pink-brown)
152 62 Pale purple-pink Pale brown yeliow
: green
168 127 Lavender-gray Yellow-tan (vells
, : . pink-brown)
176 92 lL.avender-gray Yellow-tan (yello:
' o — pink-brown)
177 34 Pale yellow Pinkish brown-
yellow
Chestnut Oalk 15 - Medium vellow-t2
(Quercus prinus) 23 -— Blue-green Fale brown
115 58 Pale purple-pink Pale brown-gree:
Post Oak
{Quercus stellata) 59 79 Lavender-gray Yellow-tan {yellc-
- pink-brown}
Beech
{Fagus grandifolia) 27 65 Lavender-gray Yellow-tan {yellc
pink-brown;j
Sour Gum 41, 43 68 Blue-gray Yellow-tan
{Nyssa sylvatica} 42 - Blue-gray Leafless
60 107 Lavender-gray Yellow-tan
69 72 Blue-gray Leafless
88 124 Yellow-green Pale Rust
130 103 Lavender-gray Yellow-tan
153 70 - Leafless
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PHENOLOGY

Observations of the phen-ology or seasonai changes of plants
(.i. e., leaf development, flo;vering, f‘ruiti‘ng, leaf color change,- and
l_ea.f fall) are ofteln valuable for determining species, and indirectly
the effects' of weather, in conjunction with remote sensing. Sayn-
Wittgenstein (1961), in his studies of mixed mes;)i)hytic 'foreét in
southeastern Canada, stresses the importance of both dates and
descriptions of phenological changes for correct species identification.

These criteria have been used in recording the spring and autumn
" phenology of forest, salt marsh, and cultivated species in Rhode
River wate‘rshed as 2 photointerpretation aid. Forest and salt marsh
observations were made primarily at the CBCES; observations of
cultivated species were made throughout the watershed.

Natural color photographs were taken at three intervals during
critical color changes in the autumn of 1971l. A hand-held camera was
used to record forest and abandoned field vegetation around the horizon
from the top of a 40-foot silo. Ground truth identifications were made
for many of the trees thus photographed. The data are still being
analyzed.

Attempts to standardize observed autumn leaf colors by correlating

individual leaves with a set of Munsell color chips were not successful;
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-~ there was too much variation in leaf écj.lorati_pn within each species or
even within individual trees {also noted by Northr_op and Johnson, 1970).
Moreover, there is no assurance thaf the close.range reflectance of an
individgal leaf will represent the long range reflectance from an entire

- crown {Knipling, 1969-70). Weather conditions also influence leaf
colors and rates of change. For example, heavy rairnfall and mocderate
t_empera.tures in the autumn of 1971 {September and October), foilowed by
a brief cold spell and high winds (December) produced muted croloration,
followed by rapid— browning and leaf fall.

An autumn phenology table {Table 8} illustrates the variability in
r%tes of leaf color change between species of trees and among individuals
of the same species, especially in different habitats. Individual genetic
characteristics, exposure and dryness, and age were all found to influ-

ence auturnn phenology.

Sweetgum {Liquidambar styraciflua} and sassairas {Sassafras albidum)

exhibi.t a mixture of reds and yellows. In 1970, red maple (Acer rubrumj}
did the same. The influence of habitat was marked in sour gum (Nyssa
sylvatica), which changed color faster on the islands in-Rhode River

than on the adjacent mainland, apparently because the islands are drier

and more exposed. Sweetgum and white oak (Quercus alba}) also changed

color faster in exposed locations.
Examples of the effects of weather on forest phenclogy in the autumn

of 1971 were the unusually late color change of red maple, the unusually
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.early change of Spanish cak {Quercus falcata), and the duller coloration .

of tuliptree (Liriodendron tulipifera) leaves, All these phenomena are in

contrast to those observed in 1970,



Date
- 8f24/71

-8/30/;1,

Species
Nyssa sylvatica
Liquidambar styra-

cifluya
Robinia pseudoa-

cacia

" Prunus serotina

9/20/71

Nyssa sylvatica

" Baccharus halimi-

10/4/71

folia

Cornus floridsa
Liquidambar styra-
ciflua

Liriodendron tulip-
ifera
Parthenocissus
quinquefolia
Liquidambar styra-
ciflua

Sassafras albidum

Quercus falcata

Diospyros virgini -
ana
Prunus serctina

Salix nigra

Celtis occidentalis
Quercus palustris
Cornus florida
Platanus occiden-
talis

TABLE 8
FALL PHENOLOGY

" Description

Some lvs. turning color
Some toé lvs. turning reddish
Some .roads;ide lvs.brown-red
Some top lvs, re§dish

Many dark, coppery red crowns

.Some brightr red crowns

White silky flowers

Some turning red
Seme turning part red

Many still all green, some with
lvs., ochre-green
Bright red

Most a medium green

Some light green with red-orange
Yellow-green, lower lvs. on
branches often crange-red

dull orange, yellow,

light green or shiny dark green
Coppery green with dark, yellowish
fruits

Mostly darkish green or pale pink-
green

Pale green with faint brownish-red

Pale green, some yellow-green lvs.

Brown and pale green
pale pink-green
Brown (dying)-green and yellow-

green lvs,

54

Area'
Hog Island
Roadsides and old

field of RR. water-
shed

Hog Is., Big Is.,
and Muddy Creek

Muddy Creek, Fox
Pt., Hog Is.

View from west silo
View from west silo
View from west silo |

View from west sila

View from west siio

View from west silo
View from west siic
View from west sile

Road to Western
Java Forest .

"

n



Table 8 (Continued)

Date

10/5/71

Species

Robinia pseudoacacia

Cornus florida
Liquidambar styraciflua

- Sassafras albidum

" Ulmus americana

" Nyssa sylvatica

Carpinus caroliniana

- Liquidambar styraciflua

Fagus grandifolia
Carya sp.

. Celtis occidentalis

10/13/71 Liricdendron tulipfera

OQuercus falcata
Carya sp.

Ulmus americana

Cornus florida
Acer rubrum
Carya glabra
Quercus alba
Nyssa sylvatica

Platznus occidentalis
Fagus grandifoiia
Liquidambar styraciflua
Nyssa sylvatica

Scirpus Olnevi
Phragmites communis

Quercus ;;hellos
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Description

Yellow and green lvs., dull,
glaucous v

-Bright red .
Small trees, tops dark or bright

red, lower 2/3 green
Green and bright red
Green with brown and yellow

Bright red and losing lvs., some

green
green with brown and yellow
Many all green; small trees
red on top 1/3, green below|

Green with brown and yellow lvs,
sometimes with brown-

Green,
yellow lvs,
Green, some brown

Lvs., brown, dull yellow and
green; some bright yellow
with green

Dark Green

Green with brown and yellow

“lvs..or brown-yellew lvs.

70% dropped, remaining light
yellow

Reddish-green lvs,

Light green lvs.

Green lvs,

Green lvs,

- Reddish-green and bright red,
dropping lvs.

Brown-green lvs., falling
Green lvs,

Light green lvs.

Bright maroon lvs.

Green, top 1/2 brown-yellow
heads pale pink-brown, .
stems blue-green,
light yellow
Green with some yellow and
brown lvs.

sometimes

Area

Roadside of Route .

Roadside of Route .

Roadside of Route .

Powerline cut off

Route 2
Route 2

Route 2

Route 2

Route 2
Powerline cut cif

Route 2, coni.

Road to Western
Java Forest

L1

"

G e cer

L L

Kirkpatrick marsh

vicinity

Kirkpatrick marsh

vicinity

Kirkpatrick marsh

vicinity



Table 8 (Continue_d}.

Date

Species

Quercus palustris
Quercus falcata
Quercus alba

Juglans nigra
Mimosa pudica

Pueraria loba.ta.

10/14/71Prunus serotina
Sassafras albidum
Cuercus phellos

Liquidambar styraciflua
Quercus rubra/velutina’

Quercus alba
Quercus falcata
Fagus grandifolia
Quercus prinus

Liquidambar styraciflua
Robinia pseudoacacia
Nyssa sylvatica

Cornus florida
Diespyros virginiana
Ulmus americana
Prunus serotina

10/19/71Quercus rubra/velutina
Platanus ©ccidentalis

Quercus alba
Liquidambar styraciflua
Liriodendron tulipifera
¥agus grandifolia

Acer rubrum

Carya tomentosa

Ulmus americana

56

Description

¥
Light orange-green lvs.

Shiny dark olive green lvs,

Dark green lvs.

vicinity

Leafless

Dull glaucous green, brown
pods '

Bright green

Some green, some reddish-green

QOrange, some green
Green with some yellow and
brown lvs. '

some green, some reddish

and green with assorted colors
green

Area

Kirkpatrick mar
vicinity

Kirkpatrick marsi

vicinity

Kirkpatrick marso

Contees Whari R<.
Contees Wharf Ré.

Route 2

Fox
Fox
Fox

Fox

Yellow-pink-brown-green, green, Fox

Fox

Shiny brown-green or shiny greenFox

green, slightly yellow

Light green, some with yellow-
brown boughs

Green with yellow

Glaucous dull green lvs.

Light red, dropping lvs.
reddish-green lvs.

dark green lvs.
pale yeliow lvs,
green Jvs, '

Green or reddish-brown lvs.
Green, vellow, and brown on
lvs., some still green

green ivs.

Green, some yellow-green lvs.
Golden yellow or green lvs.
Green, some with yellow lvs.
Green lvs,

Golden brown lvs.

Part grayish green, part yellow

*lvs., shiny and pale

x
;

Fox
Fox

Fox
Fox
Fox
Fox
Fox
Fox
Fox

Road to Western

Point Read
Point Road
Point Road

Point Road
Point
Point

Point
Point

‘Point

Point
Point
Point
Point
Point
Point
Point

Java Forest

g, -g.—-iu/.. -



Lapic o {Continued)

Date Species |

Nyssa sylvatica

|

]
+

10/20/71 Platanus occidentalis .

Robinia pseudoacacia
Zea mays, standing
T— e __Quercus falcata

10/26/71 Carya spp.

Fagus grandifeolia

. Quercus alba

|

10/29/‘71 Morus rubra

! Liquidambar styraciflua
:r " Acer negundo
Quercus palustris

Prunus serotina

Sassafras albidum

Diospyros virginiana

Liriodendron tulipifera
Acer rubrum
Campsis radicans

Parthenocissus quinque-

folia
Quercus falcata

Quercus phellos
Robinia pseudoacacia

Quercus alba

Quercus rubra/velutina
Quercus prinus

Nyssa sylvatica
Carya tomentosa

=2

Description

Some still green, most dropped
lvs.

Green with brown and yellow lvs.
Glaucous gray-green

Stalks light brown

Bright green

Yellow and dropping lvs.
Geolden brown, some green with
brown

Greenish-yellow or green

Light Green

Some all green, most have
yellow and /or red and/or marocon
Light green lvs., silvery-gold
samaras hanging below

Green and ochre brown, losing
lvs, _

Many almost leafless, others
yvellow and green lvs.

Some flame orange-yellow, |
one bright red, some green on
tcp, -vellow below

Leafless or bright yellow lvs.,
bright or dull orange fruit
Yellow with brown and green
green

Very pale yellow

in tree s, bright red

Shiny-green or brown-green-
yellow-orange lvs.

‘Spotty green/yelloew /brown

Light green with yellow lvs.,
glaucous

Area

Java Forest

From CBCES doc=

From CBCES doc=
From CBCES docx=
Fom CBCES dock

Western Java Fore

Western Java Fors
Western Java Fore

Fox Point Road
Fox Point Read

Fox Point Road
Fox Point Road

Fox Pcint Road

Fox Point Rozd
Fox Point Reoad
Fox Point Road
Fox Point Reoad”
Fox Point Poad
Fox Point Road

TFox Point Road

Fox Point Road
Fox Point Road

Ochre and light olive green, someFox Point Road

very light green with brown and
yellow

Maroon-brown with green and
yellow lvs, dropping

Light, bright green lvs. with
brown edges

Lvs, red and falling .
Red-brown and yellow, drcpping
lvs, )

Fox Point Road
Fox Point Road

Fox Point Road
Fox Point Road
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"Date Sgecies. o : Description - ' Area
11/2/71 ¢arya spp. Bright yellow lvs. ‘ Contees Whari Rc:
Liriodendron tulipifera Bright yellow, pale yellow, Contees Wharif Rer

yellow green, brown yellow,
and lcafless

— Mimosa pudica Glaucous green with yellow pods Contees Wharf et
T—Pueraria lobata Green N Contees Whari Rcr
Liquidambar styraciflua All variations of green and red Muddy Creek Rozc
Robinia pseudoacacia glaucous dull green Muddy Creek Ro=c
Platanus occidentalis Each leaf with brown, green, & Muddy Creek Rozz
J yellow
| Acer rubrum Green , A Kirkpatrick Mars:z
! : vicinity
/ Quercus phellos Mostly green; green and yellow  Kirkpatrick Marsr
; Quercus Alba Green and brown vicinity
! Liquidambar styraciflua Green Kirkpatrick Marszsz
uercus palustris Green with yellow, losing lvs, vicinity
Prunus serotina Some still green Kirkpatrick Marsz
j A - vicinity
11/8/71 Liriodendron tulipifera some yellow, most leafless " Muddy Creek Rozc
Fagus grandifolia Many leafless, others grecn & Muddy Creek Rozz
, yellow _ : :
Robinia pseudoacacia Glaucous dull green : . Muddy Creek Roaz
‘;\} L Liquidambar styraciflua Some green, some yellow-green Muddy Creek Roac
' _ ’ and almost leafless; small ones
red on top 1/3, green on lower
_ 2/3 ,
Acer rubrum Green : Muddy Creek Read
{uercus prinus " Yellow-pgreen with brown Muddy Creex Reozo
Carya spp. . - Leafless Muddy Creek Road
11/10/71 Acer rubrum Green Western Java Foro:
Ouercus falcata Green-yellow, olive, or leafless Western Java ror:
Quercus rubra/velutina Green with brown and falling lvs. Western Java Fer:
{uercus alba Green, brown, or leafless Western Java For:
Fagus grandifolia Leafless or green and brown lvs, Western Java 'or-.
Liriodendron tulipifera =~ I.eafless or orange-yellow and Western Java Forx:
brown lvs. ’
Nyssa sylvatica Leafless ' Western Java For:
Liquidambar styraciflua Some green, most leafless Fox Point Rozd

Acer rubrum _ Green Fox Point Road



l'able § {Continued)

Date

11 /11771

11/18/71

11/24/71

12/4/71

Species

Prunus serotina
Quercus prinus

Platanus occidentalis
Quercus alba
Fagus grandifolia

Carya spp..

" Liquidambar styraciflua

Acer rubrum
Liricdendron tulipifera

Quercus falcata

Quercus rubra/velutina
Quercus stellata

Acer rubrum

Quercus falcata
Pueraria lobata

Robinia pseudvacacia
Cuercus alba

Quercus falcata
Liquidambar styraciflua
Acer rubrum

Lonicera japonica
Fagus grandifolia

Other species

Prunus avium

Quercus alba

Quercus stellzata
uercus rubra/velutina
Cuercus falcata
Liquidambar styraciflua

Description

Green
Yellow-brown lvs,

Leafless or brown and green lvs.

Most with green lvs,

Most leafless, some with copper

lvs.

Leafless

Greecn or leafless
Green

lLeafless or with yellow~-brown

lvs,

Some leafless, some with a few

olive-green lvs,
Mostly green
Mostly green

Various; green/yellow /brown-
yellow/ochre /olivegreen/ orange-

brown

Olive~green or brownish lvs.

dead, therefore gray
gray-green, lvs. falling

Some brownish lvs. still on,

some leafless

Some brownish lvs. still on,

leafless

Some trees red on top 1/3, most

leafless

" Orange-brown and yellow-orange

lvs. _
Still green and shiny

Most leafless with a few copper

lvs.
Mostly leafless

Green lvs, turning yellow

with some brown lvs, dn
with some brown lvs. on
with some brown lvs. on
with some brown lvs. on
Some maroon lvs., on

Area

Fox Point Road
Fox Point Road

Road to Western
Java Forest
Road to Western
Java Forest
Road to Western
Java Forest
Road to Western
Java Forest
Road to Western
Java Forest
olive-green lvs., some with manyRoad to Western
Java Forest
Road to Western
Java Forest

Muddy

Muddy
Muddy
Muddy

Muddy

3 0Immne

Muddy
Muddy

Muddy

Muddy
Muddy

Muddy

Creek Road

Creek Rcad
Creek Rozac
Creek Road
Creek Road
Creek Road
Creeck Road

Creek Roza

Creek Rozas
Creek Roa:

Creek Rozd

Conteas Whari Ro:
Contees Whari Ros
Coniees Whari Ra:
Contees Whar{ Ro:
Contees whar{ Rez
Contees Wharf Re:
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Additional studies of spring and autumn éhenology are planned in
order to develop usefL_ll generalizations for photo-int‘e rpretation in the
Rhode Rivext watershed, And earlier analysis of phenological charac-
teristics, crown structure, and habitat influence on forest species in
the neighboring South River watershed by O'Neill et al,(1950) is expected
to provide much useful data. Phénological characters have already
proved valuable for photointerpretation of the forest at Hog Island on

the CBCES (described in another section of this report).



EVALUATION OF SALT MARSH PHOTOINTERPRETATION

‘ ;1 Salt marsh vegetation was x-napped in deta‘i‘l to furth;ar the under-
standing of the Rhode River ecosystern a.n@ to determine the effec-
“tiveness of rermote sensing data for 'inte rpreting marsh cover types.
The two largest marshes in the watershed, Hog Island Marsh and Kirk-
patrick Marsh,l both at the mouth of Muddy Creek (see Figure 1) were
chosen for their accessibility and broad range of vegetation types.
The Hog Island Marsh was studied first, then the data from that
study were used to predict the vegetation in the Kirkpatrick Marsh,
which was later verified by ground truth., This exercise determined
the facility of extrapolating photointerpretive techniques to other salt
marshes.

A detailed grouﬁd truth survey was made in Hog Island Marsh and
"correlated with a natural color transparency taken in April at 1200
feet altitude (scale 1:2400). This transparency and ground truth data
were then compared with a transparency of the Kirkpatrick Marsh
taken in Juiy at 2500 feet altitude (scale 1:5000), A print was made of
this latter transparency (Figure 4).

The two investipators who had determined vegetation types in the
Hog Island Marsh made-independent comparisons between the trans-
parencies of Hog Island a.pd Kirkpatrick Marshes, basing their predic-

tions of the Kirkpatrick Marsh vegetation upon similarities of color,
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texture, and habitat, Variations in éolor and/or texture of the Kirk-

Pa.trick Marsh vegetation were ocutlined and numbered on an acetate

-goverla.y of the transparency (reproduced on papér - Figure 5). This ‘

overlay was taken to the Kirkpatrick Marsh where the species com-
position of each numbered area was ve'—x.'ified by ground truth.'-

The ground truth showed that the predictions by the two investiga-
tors had a mean accuracy of 50% totally correct identifications of
the areas in Figure 5, and a mean ac.cura.cy of 72% partially (at least
2'5%) correct identifications. The actual correcily identified area of.
the marsh was much greater than 50%, however, since most of fhe
incorrectly identified arcas were quite small.

Accuracy of prediction was advel-éely affected by: (1) the occur-
rence of vegctation types in the Kirkpatrick Marsh Which had nd coun-
terparts in the Hog Island Maz:sh; (2} phenolozical difierences between

" plants of the same species photo.graphed in .A.pril anci in July; (3) tex-
tural differences betw:—:eﬁn similar ve.getation types because of the 2:1
reduction in scale between the April and July photos; (4) the presence
of standing watér in the Kirkpatrick Max;s_h, which formed confusing
dark blotches in some vegetation types.

Thg ground truth data were used to construct vegetation type
maps for Hog Island ME;.l‘Sh (Figure 6) an_d Kirkpatrick Marsh (Figure 7).

Comparison of the latter with Figure & shows that many small variations

detected on Figure 4 proved insignificant in the field.



FIGURE 5
AERIAL COLOR/TEXTURE VARIATIONS IN

"'KIRKPATRICK SALT MARSH VEGETATION

€9
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" HOG ISLAND MARSH VEGETATION TYPES .

- . FIGURE, 6,

L 'f\ S . | o PR ¢ e
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Generalized
Types

“Iva

frutescens

50 - 100%
[::] Acnida

cannabina

50 - 100%

Typha anqustifolia
70 - 100%

Panicum virgatum
40 - 100%

Hardwoods

Spartina patens/
Distichlis spicata
60 - 100%

Scirpus Qlneyi 60 - 100%

Scirpus Qineyi 30 - 50%

Sgartina patens/Distichlis
30 - 50% spicata

EeRY Phragmites communis

Spartina cynosuroides 60 - 100%

Scale 1:2400

Spartina alterniflora 60 - 100%

%9



FIGURE 7

SEO0E

KIRKPATRICK SALT MARSH
VEGETATION TYPES

L3t =
-----

Iva frutescens 40 - 75% Spartina patens/Distichlis spicata

‘ . 60 - 100%

Iva frutescens 20 - 40% N’ -2 Scirpus O]HEyi 50 - 100%

Typha angustifolia 70 - 100% oy [#A Scirpus Qlneyi 35 - 50%; Spartina/
Pani ¢ vaatum 40 - 75% ' o Distichlis 35 - 50%
anicum virgatum g%  Phragmites communis 50 - 100%
Marsh Shrubs = Spartina cynosuroides 60 - 90%

Scale 1:5000
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Additional photointerpretive exercises are planned, involving

other salt marshes in Rhode River. Prediction accuracy is expected

<

'

o increase considerably when marshes photographed on the same

e .

flight are compared. Comparison of the effects of increasing altitude

on recognition of marsh vegetation will also be made (see Olson,1964).



'RECOGNITION OF LATE SUE\AI\/E‘.R CROPS

Aerial photogra}shy was used to identify late surmnmer crops on
Rhode River watershed ana the validity of these identifications was
tested to evaluate photointerpretive capability. A field survey of
agricultural crops the summer of 1971 was corx;xpleted about a month
. before the NASA, Wallops flight dated 8/24/71 which was taken 2t an
altitude of 3500 feet with both nat-ural color and color infrared film.
Using the field survey a.x-ld photographic data, a photointerpretation
test was given to workers at the CBCES to (1) clietermine the ease with
-which the major crops, pasture, and weedy fields could be distinguished- :
from each other and {(2) compare the two film types for ease of photo-
interpretability, The test required interpretation of 97 fields with
natural color {ilm and 194 fielcis with coler infrared film. The results
of interpretation qf the major field types are given below,
Participant . A B
Fiim TXIEe Natural Color 'Colc;r IR Natural Color Co%or IR
Correct
identification
of corn, tobacco, 80 per cent 85 per cent76 per cent 78 per cent
grass, and grass-
weed fields

Identification of the field types was fairly good. Criteria used for
recognizing the three major types are given in Table 9. Although

testees preferred to use natural color film, a slight increase in accuracy

resulted from use of color infrared film, This increase may be due to
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in-test training since natural color film was viewed first. A larger

Ay

sample size will be needed to verify this difference.



Parameter

Growth and harvest
patterns

Density

Growth form and
texture

Color
Watural

IR

TABLE 9

Corn

Rows distinguish-
able, harvested
many rows at a
time

Very dense,
ground usually
not visible

Tall vegetation,
individuals not
distinguishable,
fairly coarse and
uniform texture

Greenish brown
(due to tasselling
of corn

Reddish brown,
Often yellowish

Quite dense,

Tobacco

Rows distinguish-~
able, harvested by
individual plants

¥

can
sometimes see
ground between
plants

Moderately tzll,
individuals dis-
tinguishable,
texture very coarse
and-uniform

Bright green

Bright magenta

69

Grass
"Grass and Weeds

Rows usually not dis-
tinguishable but evidence
of previous cultivation
(row lines) sometim:s
present

Fairly thin, often uneve=n
density

Low vegetation, individo-
als not distinguishable, ‘
fine texture, If weeds
present, texture coarser,
often irregular.

Green to dull pale gree:x,
Brown or green moiilinz
due to so0il, meoisture, |
and dist. of vegétatior_

Red, pink, or reddish-,
brown, pink, red, or
brown mottling



' APPLICATIONS OF REMOTE SENSING TO RHODE RIVER ESTUARY

-

Remote sensing techniques have been found l-aighly useful in this study
in tracing éalterns of siltation and current flow, particularly_in shallow
‘water. They are expected to prove valuabI;a for monitoring changes in
'thle outlines of the shore. Their value in mapping the distr bution of
submersed aquatic vegetation has not been demonstrated in Rhodé River,
‘because of a dearth of such vegeta.tic)n during the growing scason of
1971, However, 'a. temporary concentration of floating plants (probably
‘alga) was discover/ed with the aid of aerial photocgraphs.

The best type of film examined to date for tracing siltation, chan—gesr
in dgpth, and current flow is natural color film at a scale of 1:10, 000.
Infrared co'lor film has been much less satisfactory; it shows the heaviest
silt plumes but masks the minor details. The data taken by Rome Air
Force Base on 4/7/7] with a thermal infrared scanner at 2000 feet show
great detail of surface water patterns, but since the scanner penectrated
only th¢ top 0-2 millimeter of water, it is hard to conclude how signifi-
cant these patterns are. A scale of 1:10, 000 is sufficient to show the whole
picture of water movements olver o fairly large area or along & shoreline.
A smaller scale {(down to 1:20, 600) would be a useful supplement, since
it would show most of the estuary on one frame, and any loss of detail
could be corrected by referring to fhe 1:10, 000 scale. Scales larger

than 1:5, 000 cover too smali an area, and the additional detail on themr
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has been found unnecessary for tracing siltation and current flow.
) ~

Films of the estuary were examined at all seasons to determine the

optimum seasons for detecting different phenox.’nena. Water clarity was
best during the winter months, probably because of reduced sediment
load_s entering the estuary. Due to suspcnded ;ediment, however,
clarity was significant in very shallow water only. Sediment plumes
~were clearly visible in the estuary from May to November 1971, espec-
ially after a rainy period in Octob;ar (Figure 8) which evidently caused
unusually heavy stream siltation. The developrnent of submersed
aquatic vegetation could not be noted because its distribution was too

sparse, but observations on the ground revealed srnall patches of

Eurasian water-milfoil (Myriophyllum spicatum ,currently the i)redami‘-

nant species in Rhode River) from May to October. A temporary con-

centration of what is believed to have been floating algae was discovered

in August. No planktonic blooms or Ured tides' were detected on the photg—

graphs, but a CBCES limnologist thinks they should be visible if present.

‘A “"red tide" was detected by ground observaticns late in the autumn,
Specific applications of remote sensing to the estuary which have

been explored to date are: monitoring ef siltation patterns at the _

mouth of Muddy Creek and along the shore of Cheston Peninsula, monitoring

of shore erosion at Cheston Peninsula, determination of bottom contours

in Muddy Creek, and mapping of rooted.submersed aquatic vegetation.
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The first two applications were made entirely from examination of aerial
!

photographs, while ground truth observations were used for the others.

The siltation patterns observed in Muddy Creek and along Cheston

_Peninsula are shown in Figures 8 and 9 respectively. Heavy, moder-
ate, and light silt concentrations were readily distinguishable_. In Figure
9, three views of Cheston Peninsula photographed at six:month intervals
show variations in the siltation plume. An estimate of the rats of shore
erosion at Cheston Point during 1971 was attermnpted by measuring the
width of tle.point on photographs taken a year apart, This difference
in width could not be detected with the instruments available, but a
comparison with photographs taken in May 1968 showed that by October
1971 the shoreline had retreated approximately four meters, .

Bottorn contours were distinguishable only in very shallow water
because of suspended sediments. Figure 10 shows the visible c:::ni:ours
at the mouth of Muddy Creek at low tide. Several transe;:ts across the
mouth were made with a skiff to verify the observed contours and col-
lect Somé quantitfa,tivc depth records, but the softness of the bottem and
drifting of the skiff made this impractical.

The distribution of rooted submerscd vegetation was observed
periodically from a boat. Floating mats of Eurasian milfoil were noted
along the upper tidal portion of Muddy Creek in the autumn of 1970, and

other scattered mats appeared along the creek during the summer of

1971, The creck channel, however, is too narrow for many details to



FIGURE &

SILT FLOWING INTO RHODE RIVER FROM MUDDY CREEK
TAKEN FROM NATURAL COLOR FILM, FLLGHT 89,
9N OCTOBER 7, 1971, AFTER 5 DAYS OF RAIN

TOTALING 1.1 INCHES.

Legend
Light gray - heavily silted
Medium gray - moderately silied
Dark gray - relatively unsilted

SCALE 110000

Arrows show discerunable current flow

£l



October 1971

Legend

May 1971

FLUCTUATIONS IN SHORELINE AND SILTATION DISPERSAL

CHESTON PENINSULA
SCALE 1/10000

light gray - - - heavily silted
medium gray - - - moderately silted

dark gray ~ - -
black - - -

e

e e aa

November 1970

relatively unsilted
dark water, probably upwelling
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FIGURE 10

BOTTOM CONTOURS VISIBLE AT LOW TIDE, MOUTH OF MUDDY CREEK
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be observed from the air. Only individual plants were found in the

estuary at the mouth of Muddy Creek and along the lower portion of

Sellman Creek. These plants included widgeongrass (Ruppia maritimal,

horned pondweed (Zannichellia palustris), and redhead-grass (Potamogeton

T perioliatus) as well as Eurasian milfoil,



EVALUATICN OF AUTOMATIC RECOGNITION WITH MULTISPECTRAL
SCANNER IMAGERY
Automatic recognition techniques using 1nuitisPectral imagery of
Rhode River watershed were analyzed for reliability and accuracy of
identification of ground truth categories including vegetation types, soil,
and water. The University of Michigan's Willow Run Laborator};' under
- the commission of NASA Wallops, flew over part of Rhode River water-
ghed and a.djo.ining areas at an ;ctlti‘tuc.le of 5000 feet with an optical~
mechanical multispectral scanner during the fall of 1970. After the
multispectral data were processed and an image of the flight path
~de(;\feloped on filrmm, sample areas representativé of various vegetation,
© soil, and water types were chosen as ''training sets' to be fed into an
- analog computer known as SPARC. This computer then atteﬁpted to
t recognize all categorics similar to the "training sets) a t;achnique kn_own
- as automatic recognition.
Sample areas were chosen from water, soil types, marsh types,
“hardwood forest types, conifer forest types, and pasture, agricultural
fields, and abandoned ficlds. Choices were based on ground truth data
and examination of filmstrips of the flight at different wavelengths.
The following irmagery was fed into the computer for recognition purposes:
0.41-0, 43 pm, 0.43-0.45 pm, 0.54-0.58 um, 0. 63-0. 68}11‘1}, 0.68-0, 74
pm, and 0.75-0, 85 pm. Experimentation with automatic recognition of

the chosen sample areas under different wavelengths resulted in selection

/
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of nine types for ozalid display: water, 1ob1c;11y pine, salt marsh, vege-
tated fields, light bare soil, dark bare soil, pasture, mature mixed up-
land hardwoods, and immature mixed upland hardwbods.

Attemptsl were made to compute percent correct and incorrect
SPARC identificatio‘n {or these types by pla.nirhct'ering the recognized,
incompletely detected, and falsely detected areas of each type on the
ozalid display. Several factors prevented this comﬁutation for all -
types. At the time of the flight, there x;vas incomplete ground truth for
tone of bare soil fields and for compos‘ition of vegetated fields and
pasture, the latter because some of. the fields in the flight 1iﬂe wercl off

‘the watershed, In the case of light and de_u:k soil tone, apparently &
parrow band photo was used to determine training sites because no tone -
differences are apparent on the natural color and color infrared phlotos
taken by NASA two days later. It was therefore impossible to oBtain
ground iaruth for soil tone from previous field observations or aerial
photographs. Finally, the mature a_nd immature mixed upland hardweods
were so diffusely displayed on the ozalid imagery that it was impossible
to planimeter recognized, incompletely detected, and falsely detected
areas for these types with any accuracy. Percentage correct recognitAion,
incomplete detection, and false detection for water, salt marsh, and lob-
lolly pine are given in Table 10 below while descriptions of the accuracy

of the SPARC recognitions for all these types are given in Table 11.

Only 34 percent of the total flightline was recognized by the SPARC
/



79

pfocess. Of the recopgnized area, 24 percent comprised water. Land
categories, therefore, comprised only 10 percent of the total flight-
line. The recognition itself was technically irhperfect, there being
some overlap in areas recogni'zed as light bare soil and dark bare soil
and 'iln areas recognized as pasture and mature upland hardwoods. Theo-
retically, there should be no overlap in the recognition.

In agreement with the report by the Willow Run Laboratories, it
is suggested that better resulis would be obtained if imagery were
taken at lower altitude: from 1000' - 2000', to obtain both better resolu-
tion of small vegetation types and larger test areas. The suggestion by
Willow Run Laboratories that greater homogeneity W’i.tbin such kheteroge-
nous types as salt r;:aarsh, vegetated fields, pasture, and mature and
immature mixed upland hardwocds, could be obtained by flying i.n surm-
mer or late spring is probably .well-founded. If greater reliability
- could Le placed on output from the automatic recognition technique, it
would be an invaluable tool for mapping and monitoring the Chesapeake

Al

Bay region,



‘Recognition
Category
Loblolly pine,

‘mature, closed
cancpy

Deep water

Salt marsh

Spartina, with
Iva, and
Distichlis

TABLE 10

SPARC IDENTIFICATION FERCENTAGES

Tc;tal area of

Recognition category

in S PARC fieild

13230 s.a.c. ™

100%

533060 s.a.c.

100%

32090 s.,a.c.

100%

-Correct
Recognition

11130 s.2a.c.

84%

470260 s, 2. c.

88%

1150 s.a.c.

3%

® s.a.c, =

80

+

Incomplete False
Detections Detections
2050 s.a.c. 50

15%

52800 s, a.c. 0

12% | 0

29500 s.a.c.

92% ) 5%

SPARC area count, computed

from planimeter area propor- -

tions in comparison to the
s.a.c., for "Correct recog-
nition. "



Recognition

Category

Lobloelly pine,
.mature, closed
canopy

Deep water

Salt marsh
(predominantly

Spartina with
Iva and Dis~
tichlis)

Vegetated
fields

Light bare soil

Dark bare
soil

Pasture

TABLE 11

EVALUATION OF SPARC OUTPUT

Correct
Recognitions

Almost all of training
site and adjacent
parts of lob. pine
stand

Both test sites and
almost all of category
recognized

Very little of training
site and adjoining
marshes

Almost all of training
site recognized as
well @s parts of other
vegetated fields

Most of training site

and dirt shoulders of
Muddy Cr. Rd.

Almost all of training

site detected and parts

of shoulder on Muddy
Cr. Rd.

Most of training site,
grass on banks of
Muddy Cr. Rd.

Incomplete
Detections

Small amount of train-.
'ing site area

Non- recognition of
shallow areas around
mouth of Muddy Cr.

and in southern part of

flightline. The latter

due to spectiral reflec-

tance.

Most of marshes not
recognized

Spotty recognition of
most vegetated fields

Not ascertainable

Not ascertainable

Spotty recognition of
other pastures

81

False
Deteciions

Scattered Virginia
pine near the CBCLES

Norne

A few vegetated ~
fields, scattered
forest, and Typha
marsh.

Spartina, Baccharis,
and Typha marsh
included

Some pasture, ''dark
bare soil, and light
colored trees on Hog

Is.

Some pasture

Vegetated fields



Table 11 {Continued}

¥

Recopgnition Correct
Category Recognitions

Mature, mixed Training site partially

upland hardwoods recognized; mature
trees along Muddy Cr.
and on Corn Is.

Immature mixed Training site poorly
upland hardwoods detected
]

i
i
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Incomplete
Detections -

Fox Pt., Hog Is., some of ‘
Corn Is. shadowed trees
(due to topog. and 5un anglev)

Large tracts of immature
forest, i.e., old fields
along Fox Pt., road

False
Detections

" Probably

negligible

Some vege-
tated fields



SUMMARY

! The watershed of Rhode River, a small sub;estuary of the Chesa-
peake Bay, was selected by NASA, Wallops as a rep1‘-esent.ati‘ve' test
area fc;r a study of remote sensiné imagéry over the entire Ba.y. A
broad program of ecological research was already underway on the water-
shed, at the Smithsonian Institution's Chesapeake Bay Center for Environ-
mental Studies (CBCES). A joint NASA-CBCES project was developed
with two basic objectives: to evaiuate rermnote sensing data for the
interpretation of ecological parameters, and to provide essential data
for ongoing research at the CBCES, Different types of remote sensing
have been vsed effectively in studying watershed drainage, _natur;.l and
cultivated vegetation, and estuary sedimentation.

A t,otal.of 17 overflights were made, thirteen flight.s by NASA at
low altitudes (1200-5000 feet}, using a T-11 camera mounted in a heli-
copter. The low level flights used natural color and infrared color film
developed as 9x9 inch positive transparencies. The remaining flights
included one by NA‘S;Ausing an RB-57 at 60, 000 feet with natural and
infrared color film; a flight by the University of Michigan using a C-47
at 5000 feet with film and a multispectral scanner; and two flights b.y
Rome Air Force Base using a modified AM-AAS-18 MAIRS thermal

scanner at 2000 feet, and an RC-8 sensor with natural color film at

3000 feet, The helicopter flights were made at all seasons, with greater

83
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frequency in spring and autumn. Flight dates were arranged with
%
ground truth personnel in response to vegetation conditions.

The most useful flight data for current research at the CBCES

proved to be the 9x9 inch transparencies of natural color and infrared

color film. Both film types were effec;ivel for interpreting natural
and cultivated vegetation, but natural color weas superior for distinguishing
species if haze conditions were negligible. Infrared color was best for
detecting drainage pattérns and evergreen spccies_ in winter, while
natural color was preferable for' interpretation of estuarine conditions.
The two films complemented each other well,

The multispectral scanner data {rom the University of Michigan flight
were disappointingly low in resolution and prone to false detections.
Oniy 34% of the total flightlire was recognized, and 24% of this was water.
Sample recognition areas were chosen from water, soil typzs, pasture,
cropland, abandoned fields, salt maxrsh, and qonifer hardwocd forest.
Percentages of correct and incorrect identification of wat;ar, salt marsh,
and loblolly pine were obtained by planimetering the areas detected and
comparing them -with areas of the sarme categories on natural color fitm.

The results were:

Loblelly pine
(mature canopy): 84% correct, 15% incomplete, 1% false

Deep water: 88% correct, 12% incomplete, 0% false
Salt marsh: 3% correct, 98% incomplete, 5% false

Percentage recognitions werc unobtainable for light and dark bare
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so0il because no corresponding tonal differences were visible on color
film for comparison. The recognition for mixed hardwcod forest
proved too diffuse to be accurately determined.

i

Thermal infrared scanner data were taken at night and clearly
'showed temperature differences _bétWeen—pine and deciduous forest,
bare and vegetated soil, pavement and soil, and surface temperatures
.in the estuary.

Applications for low level natural color and infrared color film
included construction of a drainage map and vegetation rmap; photo-
interpretation of deciduous forest vegetation, salt marsh vegetation,
and cuitivatéd fields; and detection of es-tuarine erosion an;I siltation
patterns. The photointerpretive studies included correlations with

. ground truth and statistical analysis of the results. Observations of

seasonal pherology facilitated these studies.

Drainage Map

‘A drainagle map was drawn which shows all discernible streams, inter-
mittent channels, and marshy or swampy areas. It was drawn from an
uncontrolled mosaic of tracings from natural color film photographed in
April, before the forest foliage developed. The tracings from natural
color film were then compared to corresponding frames of infrared color
film to determine the degree of accuracy obtainable from each film type.

Natural color proved satisfactory except for detection of narrow stream
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1

courses and swampy areas. For these and all hydrographic purposes,
infrared color was superior. Approximately 20% of the streawms detected
on natural color required correction after examination of infrared color

pPhotos,

Vepgetation Maps

The vegetation map was drawn f?om the same uncontrolled mosaic
‘as the drainage map, but was muodified to show the distribution of decidu-
ous and conifercus forest, cultivated and abandoned {ields, freshwater and
salt marshes, and residential axi_eas.' On both natural color and inirarc;,d'
color film, these features showed well, but the latter type was better for
detecting evergreen subcanqpy vegetation, and delineating marshes and

stands of conifers. Species composition in the forest areas and aban-

doned fields was determined by extensive ground truth collection at over
. _ !

500 stations. Dominant and sui:-dorninant species wc;re defined on the ’
basis 02 trunk diameter and abundance. The map represents dorninant '
and sub-dominant ¢canopy and understoryl; species at each staticon by letters
and symbols. Since most cover types in the deciduous forest grade into

each other, it was impractical to draw boundaries for them.

Photointerpretation - Hardwood Forest S

A detailed correlation of ground truth with aerial photographs was
made at Hog Island, at the mouth of Muddy Creek. The 5-acre island supports

an vpland ozk-sour gum forest with some Virginia pine and an ocak-beech-

mountain laurel understory and shrub layer., Techniques were ohlained

.‘;.

¢
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for fairly reliable identification of these species from natural ¢olor and
b p

infrared colcr photographs taken at diiferent seasons,

A ground truth map cf the positions of 182 canopy trees was construc-

ted with surveying instruments. The trees were identified and their

trunk diameters recorded to facilitate proper matching with crewn tmages

-

on the aerial photographs. Photcgraphs were taken in late winter, spring,
summer, mid-autumn, and late autumnp. -Natural color film proved satis-

factory for identification of hardwoods at all seasons, while color infrared

1 ’
was most useful in the autumn. Beoth types were suitable for locating

evergreen species, especially in winter. Reliable correlations between
photographs and ground truth were hampered by photographic distortion and
inaccuracice in surveying, both of them intensified by steep terrain arcund

the sides of the island. Correlations were most accurate for large canoyy

- -

-~

trecs near the center of the island.

1

A map of 260 tree crowns was drawn from an enlarged photograph, and

156 of these crowns were identified. Fifty-four identifications were made

by ground truth, the remainder by photointerpretation of crown character-

istics at diffcrent seasons,

Fhotointerpretation - Salt Marsh
Photointerpretive studies were made for the two large salt marshes
at the mouth of Muddy Creek, known zs the Hog Island and Kirkpatrick

Marshes, Ground truth was coliected in Hog Island Marsh and correlated



with a photograph taken in April at 1200 feet altitude. These data were
compared with a photegraph of the Kirkpatri'c.k Marsh taken in :Tuly at
2.5;00 foot altitude.  From this comparison, predictions were made of
vegetative composition in the Kirkpairick Ma;.rsh and later verified by }

~-—-ground truth, Predictions averaged 50 percent totally correct and 72
percent partial cnes., Most errors involved relatively small areas of
marsh resulfing chiéﬂy from dissimilarities in t.he vegetation of the
types as shown on the two photos, and partial inundation of the Kirk-
patrick Mérsh.

Crop Recognition

For recognition of summer crop types a field survey was made to.
lccate fields of corn, tobacco, soy beans, grass (including hay, wheat,
and sod), and inixzed grass and weeds. A _phoi;oint.e rpretation test to
determine how easily the crops gould ke distinguished on both natural
-color and infrared color film was given to workers at the CBCES. The
tést required interpretatior of 97 fields with natural color film ang 194
fields with color infrared. Of the major field types, 76-85 percent were
cofrectly identified.” Although testees preferred natural color to color
infrared, interpretation was 2-5 percent more accurate with the latier,
This may have been a result of in-test training,

Estuarine Applications

Natural coler ae rial photographs at a scale of 1:10, 600 were found

highly useful for tracing patterns of estuarine siltaticn and current flow,

I



especially in shallow water. At least three levels of sediment concen-

tration were discernible, Bottom coniours were trapeable at low tide

inj‘shallow water. Infrared color photographs were virtually uscless
for these applications. Both film types were fairly good for detecting
coneentrations of floating aquatic vegetaﬁion, .'but a dearth of rooted
aquatic plants in Rhode River in 1971 pr.evented extensive si;L7d-y or
vegetation mapping. Recurrent photographs of an eroding shoreiine
proved usecful for monitoring rate;s of -erosion. A comparison in the
width of a peninsula photographed in 1968 and 1971 revecaled a loss of
four meters of so0il in the 2 1/2 yéar interval,
The photointerpretive techniques acquired in this study are being
further developed and will be applied to progressively larger aveas
in the vicinity of the Rhode River watershed. Additiondl ground truth
studies will .be used to verify extr_apolétions on the composition of vege-
tation. Remote sensing techniqu‘les at progressively higher altitudes, even-
tually including those of the ERTS .sateﬂite, will be used to study other

estuarine ecosystems around the Chezapeake Bay.

¥y
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