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MORPHOMETRIC CALCULATIONS FOR LAKE ERIE

Introduction |

A relevant inclusion to the Timnological characterization of lacus-
trine envirbnments is the assessment of fheir physical dimensioﬁ%. Indeed,
morphological considerations, together with climatic and edaphic influences
and their interactions, are primary determinants of the nature of the lake
environment (Cole, 1979); Know]edgéAof tﬁé physical dimensions and asso-
‘ciated structural interactions that define inland wateré is particularly
useful in the study of biological productivity (Welch, 1948) and is all-
but essentiai to the realm of theoretical Timnology (Cole, 1979).

Gross morphometric calculations for Lake Erie have been reported’ by
several authors (Great Lakes Basin Commission, 1972; U.S. Department of
' Commerce, 1979; Schwab and Sellers, 1986).55 part of broader morphométric
or descriptive‘analyseSnof the Great Lakes and vicinity. However, a
detailed and summary treatment relating specifica]ly to the morpho1o§y
of Lake Erie has been largely unava11ab1e (note, however, Verber, 195 ).
~ The purpose of this study is to both suppWement and update the present
accumulation of Lake Erie morphometric data, and through its app1ication,‘
contribute to a better understanding of lake processes and environment in

I

general,

lMethods
The present determination of morphometric characteristics of Lake
Erie was achieved through the use bf'navigationa1 charts of the Mational

~ Oceanic and Atmospheric Administration and the Canadian Hydrographic Seﬁvicé.



In addition, one 7.5 minute series map of the U.S. Geological Survey was
enp]oyed Specific charts utilized and the agency responsible for theijr
deve]opment include: 14820, 14823, 14824, 14830, 14833, LS 3; LS 31, LS
34, LS 35, LS 41, LS 354 (National Oceanic and Atmospheric Administration);
2101 and 2110 (Canadian Hydrographic Service); and Whitman's Grove Quad-
rangle (U.S. Geological Sufvey). |

The gross boundaries of Lake Erie were defined at 42004' latitude
at the Detroit River, 83002'3Q" 1bngitude at the Sandusky Bay-Muddy Creek
Bay vicinity, and 42054'30" 1étitude at the Niagara River; Adjacent
harbofs, wetland areas.and river basins readily discernible from the lake
proper (i.e., Rondeau Harbor, Marb]ehead Peninsula harbors, and Portage
River, respectively) were excluded ffom consideration. However, encroaching
man- made harbors (i.e., Cleveland, Buffalo) were 1nciuded in the present
treatment.

The three basins of Lake Erie were delimited as follows: 1) Western
and Central Basins by a line extending from Point Pelee to Sandusky Pier-
head Light and 2) Central and Eastern Basins by an arc along the shallow
water-deep water demarcation of the basins, extending from 80020" Tongi-
tude at the Canadian shoreline to the Presque IsTe 1ight

Both county and state demarcations for Lake Erie were estabiished
by extending lakeward in the same direction the established terrestriai
political boundaries. The sole excepiion.in this regard is the Chatauqua-
Erie County Line (New York), which coincides with westerly-flowing
Cuttaraugus Creek. In this case, the count y demarcatibn was extended due

north at the point of confluence with Lake Erie.



Morphometric assessment of Lake Erie followed the methods of Cole
(1979) and Welch (1948). The plane of reference for all measurements was
Low Water Datum, 568.6 feet (173.3 meters). Dimensions determined in the
present study include:

A. Surface dimensions

1. Maximum Tength

2. Maximum effective length

3. Maximum width

4, Mean width

5. Area, derived via utilization of a SaTmoiraghi Model

236-A polar planimeter

Shore Tength (inclusive of islands), derived via utilization
of a Keuffels and Esser Model 620330 cartometer

7. Shoreline development

(@)}
.

B. Subsurface dimensions
1. Maximum depth
2. Mean depth :
3. Volume, determined as the aggregate of volumes of
subsurface strata. For comparative pruposes, the
volume of Lake Erie and its basins was also derived
through utilization of hypsographic curves.
4. Volume development
5. Basin slope
6. Mean slope
Results
Morphometric calculations for Lake Erie proper are given in Table
1.. A more detailed morphometric accounting, according to basin and county,
is presented in Table 2 for isobath (including surface) area; Table 3 for
strata volume; Table 5 for basin slope; and Table 6 for contour (int]hding
shore) length. ' Table 4 provides, in abridged form, the metric equi&alents
for basin area and volume values given in Tables 2 and 3, respectively.
Hypsographic curves for Lake Erie basins and Take proper are pre-
sented in Figures 1-4. Volume determinations attained via this graphic
method closely approximate those derived through mathematical formulation

(CoTe, 1979) and given in Table 3.



‘Table 7 renders, for comparative purposes, morphometric data for

" Lake Erie as given in several studies; including: Verber (195 ); Great
Lakes Basin Commission (1972); U.S. Department of Commerce (1979);
Schwab and Sellers (1980); and the present morphometric.calculations
for Lake Erie by county remain largely uhreported. However, Table 8
provides shore length and surface area determinations for State of

Ohio counties as reported by Herdendorf (1966) along with those of the

present study.



Table 1. Morphometric Data for Lake Erie

A) Surface Measurements

Maximum Length........... teetecacrcoteannaaa 240.75n;
Maximum Effective Length.................... 240.,75mi

MaXimLIm widthlo..--uo......bbooooott;onu--ooa o 58.0omi

Mean Width............. R R T P, 40,07mi
Area.‘...................3.:................ 9949.13mi
) | Shg;;_iength....;......:.:jjtjjr:.:j.;...;.. 795.41mi
Sh;;eliné De;elopment.;;....... ............ 2.25.
B)~Subsurface_Mea$urements
Maximum Depth..eeeveenn.... feeccaeratrenean. 210.00ft
Mean Depth..... Pesecessanss R EALLLEEE . 60.24Ft
L el T e e, 113.07m13
ﬁéigg;_g;;;iopment ...... '.:..,m.....,u...... B TTU87
: Baﬁin ) e, Table 5.
Mean Slope........ Peresesves creenses cesenan Westerp Basin
Central Basin
D Eastern Basin
Lake Erie

386.56
386.56km

93.32km
6446k
25758.30km

1279.81km

64.01m
18.36m

3
472259km

2
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Lake Erie morphometric calculations from various sources.

© , - | .
g Great Lakes .|  Schwab & U. S. Dept.
Measurement O Verberi\qgi) Basin Comm, . Sellers 1% Commerce Zia™» Prasen:
Maximum  ocmi| 261, 241. 241, 2an 7z
length km 387 .8 388. 388. 38»‘;. 5F
Max. effectM|  217.5 240.75
length m 350. 386.5¢
Maximum, mi 57.5 57. 57. 58.
width km 92.5 92. . 92. 93.37
mi 41.2 -
Average. 40,-0:
widtn km  66.3 64. 4
v B
Surface . mi,i  9919. 9910. 9772 9910. 9949,1~
area km | 25691, ¢ 25657. 25300. 25657 . 25758.3%
Western Basin|. 1265. _ 1262.47
3276. 2
Central Basin 6246. '25?5:8§
| | 16177, 16336.80
Eastern Basin 2408. 237€.57
L“6238. . 6152.97
Shore mi 845, . 856. 901. 899. 3"
length km 1359.4 1377. 1450, 1302.18
Western Basin 268.3 262.26
o |—431.7 421,97
Central Basin 313.3 296.74
| 504.1 477.45
Eastern Basin 263.3 250.31
423.6 402.7%
Shoreline 2.3 5
- developgment i - 2.25
Maximum Tt 210. 210. 210.
depth M 64. 64. 64.01
hverage ft 60.7 60.24
depth m 18.5 18.30
Volume  mij 114, 116. 113.. 113.47
km 475.1 483. 470. 472.59
‘Western Basin 5.79 5.40
L 24.24 22.50
Central Basin 71.8 71.27
299,28 296..88
Eastern Basin| 36.44 36.80
151.58 153.21
Volume - . _87
déve]opément -8
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Table . Shore length and surface area determinationsfor Ohio counties;

H=values from Herdendorf(1966), P=present values.

Shore Length : | Surface Area

H P H P
Lucas 31.1 28, 257.21 249,35
Ottawa 92.9 86.24 « : 315.46 309.
Sandusky  13.2 11.65 - 5.64 . 5.24
Erie 57.7 55.79 369.23 361.72
Lorain 22. 21.32 R N 426.54 - 440.63
Cuyahoga 32.2 : 29.42 783.18 ' 788.92
Lake 30.5 30.11 : 730.25 752.83
Ashtabula 30.8’ 28.78 | | | 637.44 642.23

Total* 310.4 - 291,31 ' - 3524.95 3548.92

*- Exclusive of Marblehead Peninsula harbors °
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Table 2.

County

Michiga

Monro

Lucas
Ottaw

Ohio

Erie

Ontario
Essex
Total
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