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By multiplying the left hand side of the last equation by an identity 

matrix I, since IX = X, and subtracting AX from both sides, gives: 

IX - AX = (I - A) X = Y 

where (I - A) is called the LeonHef matrix 

To find the general solution to this equation system requires inver­

sion of the (I - A) matrix. The resulting matrix is of interdependency 

coefficients detailing both direct and indirect effects. This is the 

Leontief inverse. Each element in it can be considered as the sum of 

a series of which the first term is the coefficient of the Leontief matrix 

with a positive sign. The total effect of a given final demand can thus 

he separated into a direct effect and a series of indirect effects. This 

concept will be helpful in understanding the multiplier analysis. The 

interdependence coefficients matrix is presented as Table III-I. 

The modification in the input-output formulation is to accommodate 

an environmental matrix. The original ideas advocated by Cumberland 

and Isard 1 envisioned including other processes besides economic into 

the analysis. Specifically. environmental quality or ecologic (Isard) 

systems would be included to evaluate their interdependence. Figure 

111-1 graphically demonstrates the idea in a schematic formo 

The environmental input box represented sources of material such 

as water, air, land, etc., for economic processes, while the emissions 

lCumberland, Ope cit., pp. 65-94 and Walter Isard, pp. 79-99. 



Table I1I-1 

Leontief Inverse Matrix of 
Interdependency Coefficients for the 

Virginian Eastern Shore Ec.onorny 

Producing Purchasing Livestock Fruits & Field ~tisc • Agt'iFood Sl'i! food !>lisc. Rct<ll.l 
" Poultry Vegl.:tables Crops A~r kul ttl.e f'l:;hl'l:ics L"',bcrin;: PrO!.:L'SS Process M4ln\l[acture Produc ts Wholesale 

1 2 J 4 5 6 8 9 10 11 

Livestock' Poultry. 1 1.287983 a.OOtlZO O. or)1 003 O.Ol)tI~86 O,OlIO'J43 '. 0007 !.~\ 0,076696 0,005928 0,000506 O,OO~J96 O.0\)Q!.45 
Fruits & Vegetables 2 0,001122 l.Cl1254 0.0010')6 0.(1ot571 O,Oil! 1'143 '.OO~;tll " 0.051)2 t• O.(10YlY2 0.000570 0.002274 O.OOO~97 

Field Crops 3 0.066804 0.010892 1.009913 0,008(176 a,allii775 1.01)')2'; O.O2!.:105 0.011888 0.02628S 0.012607 0.039958 
Xisc, Abrlculture 4 0,007235 O.OUOSt O,OO171:l5 1.lU7611 0.f)O'l703 '.O)J,DO 0.001384 0.OU0784 0,000851 0.001412 0.000385 
Flsheries 5 0.000585 0.000643 0.000563 0.OUOI:I19 1.0125')5 '.000',27 0.00(1264 0. /,12423 0.000275 O.OUl608 0.000144 
Lumbering 6 0.00)611 0.00:.894 0.00!.523 0.flOJ507 O.O(J;.'l,7ij 1.001 ]:'/' O. AM 6!.4 0.(0276) 0.015003 0.003493 0.00tb99 
AgriFood Procegs 7 0.006699 0.007314 0.OO65t2 0.0;)')318 0.0','''0')9 t, DC', '3"', 1.003(1)6 0.O714!.0 0.003239 0.016607 0.002S57 
Sl'il foad Proces s 8 0.000)69 O.COOf,OJ 0.000)5<) O.vf)O'i!.2 O.DII())J,) '.0002(,') 0.0(10170 1. 012559 0.000178 0.000925 0.000157 ex> 
:Usc. }'.JnuEacture 9 0.00;)94 0.130352 0.118927 O. ot 7708 O.V! H33 '.Olunt'> 0.017534 0.02:>321 1.0126(:19 0.022561 0.013S93 N 
Rctil 11 Products 10 0.432206 0.476)!;,8 0.!.197JO 0,(,5:.505 O. ]:i J 38') t.31:;7(.7 0.19)S97 0.37\))26 0.201203 1.224435 0.1786:'2 
'-'ho1c.>:11e 11 0.169485 0.134521 0.lSC!'I38 0.1 i6'}!If) 0.20';322 t. 3521 v'l 0.080369 0.2.'.6131 0.076568 0.2.'.9.'..59 1.069798 
Lodging 12 0.003311 0,003449 0.OO12SSl 0.Of;3'jd2 O.(\ld:!')8 +.002371 0.001745 O,O()3557 0.001907 0.002088 O,OO16JS 
Construction 13. 0.029766 0.0%595 0.O32"'':} 0,012,,31 O.O~7)28 t,OHJI~'1 0.015962 0.O~V)19 0.01.'d52 O,Ol~I'.'OO 0.017761 
Tr.ln,p->rtation 14 0.032773 0.O.WJ83 O. fJl ')07:. O.iJll~(,5 0.0".' 5')7 •• oo')n{," 0.027245 0.0.:-\:.':1-49 0.013193 0.012006 0,015784 
t:tiLiti~s 15 0.086004 0.079':170. 0.07)'-'15 o.rl')(Jl-'.2 O,(J',0769 t.OSl']''1 0.037270 0.fi(':.215 0.r.:.3')J! '0.050617 0.03461)4 
R~al Estate & Ins. 16 0.025779 0.025105 O.02Wj7 O.o2!Sh!.8 O,O!'!86~ ',01 ](.:Il 0.01137& 0,0:.3536 0.013730 O,O18~53 0.017573 
Fin.lnce 17 0,032179 0.030313 O.O~(lIi7a 0.OJ',1)6 O. o.~u<)O! t.Ol ',7',:, O.012:!~O 0.025623 0.014303 0.016<)25 0.012092 
Eating 18 0.018196 0.018987 0.01795!. 0,021841 O,O! 'lOGS 1.012953 0.00'1707 0.019190 0.010629 0.011482 0.C09001 
?~rsonll S~rvlce 19 0.019917 0.Ot9'.81 O.0l8f.£U 0.02!.3'.11 O.0::1J590 f.Ol '.l 0.OU'.I7S7 0.023047 0.010828 0.OU637 O.Ol~S66 
Educ.1tion~l Service 20 0.0)0409 O,Ol)559 O,OL2()S9 O.0167tl6 0.Ol1374 I.Olll.:U 0,007.',64 0.011894 0.0079:.1 O.Ol~880 0.007153 
Othcr Services 21 0,036628 0.0370L4 0.0342 J7 0.0:'5879 0.OI~300 t .. 02 q61') ~ 0.017814 0.0,)(,694 0.020351 0,0227 36 0.018239 
Hou,;ehuld 22 0,650757 O.673~1l O.MInO 0.181300 0.6:.6095 •• 463.!2'l O. J!.t.l21 O,685!.11 0,375456 0.410677 0.321954 
Local Covernment 23 0.055242 O,0224B9 O,O193~.8 0.0:.7525 0.011:1479 t.1'\195~(, 0.012559 0.019247 0.013306 O.O2::!665 0.O1207!. 

'lbtal 24 3.062454 2.824948 2.642381 J.F.1S96 2.620S76 :,4273)" 1.958116 3,218438 1.876895 2.151645 1.789376 



Table III-l (continued) 

Sector 
h!.'nti- Real f:'.tatc Pt"t'so1l31 rlluc. Other Local 
fication Lodging Lon Ut (lit i.e,; & IIl';lIr.III';.., Fin;mcl.! flit [lIg S,~rvicc Service Services Ilous('hold Gov,'!: mnen t 

12 15 16 11 18 19 20 21 22 23 

1 0.003-'+79· 0.00071 'l G. O~j/';!!1,) O.(lO(l!,,:S 0.003:'71 O.OOO~l<) 0.001392 O.OODlC 0.001750 O.OU140'1 
2 0.0148';0 0.00U79'. O.OGln')') O.i100:)-)2 0.0121'1) O.OOogS4 0.001572 0.001327 0.001987 0.001570 
J 0.009375 0.010505 O.Ollf,n 0.U:(,.23H 0.01)')2,,0 O.GCi;( ,f. (1.00&18<) 0.00898') 0.008865 O.COY596 O.OfB632 
4 0.001053 0.01)3068 0.000456 0.000')'):. 0.01)('695 O. 1>00/.' !! 0.0007', J tl.OOO!\IS 0.001038 0.OO(l75S 0.001293 0.001085 
5 0.001234 0.000512 0.01)0)65 O.OOI)N4 O.O()iJ',~) O. '}on!, 74 0.0011 7t 0.000',(.8 O.OOOlS! 0.000571 0.0(10938 
6 0.006557 O.O7!;938 0.00t3)3 0.01) 1.;'.8 0.ill)',!1)7 0,0(,12::01 0.00'12·'.6 0.00.'.883 0.005308 0.0.,':(,83 0.0(1·'.928 
7 O.tnS') 34 0.005990 O,Oe!.IS) 0.00.629 O.O,Y,·,d3 o. f iG5{,' ,\1 O.037~'(,S (I. ODS:.)! 0.00S873 0.0113'.0 0.011124 <» 
8 0.002149 0.000328 O.OOO''!:l4 0.0(10312 0.0:)0]"7 O.DO~! I 0 v.l,(IO:!"7 O.OuO',S7 0.000533 0.000611 O.(Y1O:.94 (.Il 
9 O. 0271 38 0.178452 0.007368 0.0136JO O.Ot716G O.O.!()L '.) 0.OU.':'.5 D.OJ:!]:)!, 0.021006 0.0225J2 0.019889 0.021545 

10 0.407f]07 0.376026 0.26%38 0.2391.23 0.):; 3'J5l 0.1',6718 O.J3(;~·15 1i.3':'Sln 0.550173 0.351550 0.685478 0.Sf.l8S0 
11 O.207134 0.1S0747 0,076778 0.185075 O.l(i'J74S 0.107'>h7 0.187;-09 (l.1253()J 0.195022 0.201{1tO 0.203076 0.13!.21 /, 
12 1.003611 0.003261 0.002099 O.OO~J·,)9 0.0,; ;160 0.'.I0J ;'2 0.0027(·) 0.(102'>12 0.(1053(;3 O.OO70}) 0.006909 0.005193 
13 0.07'):''1) 1'.022377 O.Ol:WU O.O::6~&1 O.(nC;'j12 o.ne""'lB O.021i,il" 0.lli('.';)7 0.0'>3918 O.O6}7«2 0.OJ:'357 0.0}:1216 
14 0.003:1)4 0.010350 1.003811 0.1)1)7109 0.0(\)'»)1 O.O()')::"'S O.Ol~''''7 0.006'121 0.010873 0.011620 0.010)80 0.O()98JO 
15 0.112797 0.071686 O.0!.76S1 1. tt25l9 O.O'll ~.60 0.otJ,:i.:.2 0.080 .. .J5 (I.pS(,:??:, 0.(:<)1696 0.085l31 O.OnS52 0.091713 
16 0.035471 0.020375 0.031805 O.OlG'J06 1. O.~:jil!,3 0.02:-)1·';2 0.01 u:,' ~4 (i.Ol<Jr>'.:. 0.035970 0.027520 0.03<)314 0.0',:,%1 
17 0.0:::7326 0.024929 0.013568 0.01)372 O.O22~O9 1.0I.'.!7':3 0.0197'.4 (l.03J(,~9 0.OJ1578 0.025233 0.039456 0.0)0]]1.> 
18 0.Ol'.i759 0.017777 0.011546 0.01),)71 O.OI3!,S'. 0.0131."5 1.015UH 0.(131)50 0.029590 0.013335 0.0)3132 0.OZG'l53 
19 0.020363 O.Ol8321 0.013554 0.016260 0.0:::,J)3 0.019)',J 0.O18',3) 1.02017!. 0.027926 0.019777 0.035572 0.034012 
20 0.0211115 0.012748 0.008463 D.O:!6'HZ 0.01 U22 0.01(,172 O.OlHI,l J O. (1121'i9 1.017265 0.0140)5 0.020980 O.5!.1381 
21 0.044103 0.043'.17) 0.022586 0.035287 O.O),;L% 0.0)4777 0.030<)10 0.0503311 0.053282 1.0)5018 0.Ob784S 0.057786 

'22 0.706386 0.63:'349 0.41308'+ 0.:.,),)',')2 O.b i ,! 2')0 £.66w"71 0.5431 % O.48ul'"'S 1.0",e98!, 0.627971 1. )(,1.789 1.021!,77 
23 O.O}S])! 0.021175 0.014L20 0.0:.')J'j8 O.Old.!'J!. .02JI:'17 0..':'3)\·',) D.O:!! '>112 0.027640 0.O131')2 0.033168 1.0: • .!26'i 
24 2.838613 2.70!t336 1.959502 2.4JU:l79 Z.C.2:.718 2.4:.~7 :4 2.~23:,S9 Z.J91~S8 3.238321 2.5649'j4 2.722086 3.757641 

Leontief In'lerse from t<;chn1cal coefficients matrix Appen,l1x Table II-:? 
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box represented those residuals resulting from the same aforementioned 

economic processes. One can envision then, xf gallons of water for 

sotne pr ocess being used by the economy in question and then emitting 

1 
X j gallons of waste water, where k denotes the environtnental input 

type, 1 the effluent type or component, and j the economic activity in 

question. In the fourth box, that of ecologic processes, is where the 

effluent would be expected to, under natural cleansing processes, even-

tuall y become an input again, perhaps at a slightly degraded level. 

However, other equally itnportant processes are to occur in this sector. 

Isard I S research efforts have resulted in a crude quantification of the 

winter flounder food chain from the smallest bit of detritus from tidal 

1 
wetlands to the various fish that are preyed upon by the end product. 

The task required an enormous multi-disciplinary effort to collect and 

analyze the data. The biological data is difficult to determine even 

without having to translate it into "pseudo-economic II tertns Q 

A teatn from Clemson University has succeeded in circumventing 

this data collection problem, with an obvious loss in total analytical 

possibilities, but with a gain in simplicity to detertnine resource usage 

and waste loadings. 2 Referring to Figure 111-1 again, the ecologic 

1 
Is ard, et al., op. cit., pp. 246 - 248 .. 

2 
Eugene A.. Laurent and Jatnes C. Hite, Econo.mic -Ecologic 

Analysis in the Charleston Metropolitan Region: An Input-Output Study, 
WRRI Report No. 19, Clemson University, Cle.tnson, South Carolina, 
April, 1971. 



86 

processes matrix has been eliminated; hence, the model is left with an 

environmental input and output matrix with zero interrelations between 

the two. This is an analytical construct which simplifies the natural 

resource usage and emissions analysis. Further simplification is 

obtained by combining both matrices. Natural resource usage (inputs) 

can then be considered as negative outputs to differentiate them from 

the residuals left over from market production. Thus, the model can 

demonstrate how .many gallons of water demanded for X 1 process and 

what the composition of the effluent will be (pounds of solids, pounds of 

nitrates, etc). To confor:m to the input-output specifications, a linear 

system and constant coefficients is also assumed. Hence, there is one 

level of technology (perhaps an average) for resource utilization just as 

in the traditional :model and one level of waste disposal technology is 

also assumed. 

As was the case with the technical coefficients matrix, environ-

mental usage coefficients can be constructed from the function 

e lj Xj = F lj 

where F Ij is the amount of environmental sector 1 usage in econo-

mic sector j 

X. is total industry j sales 
J 

e
lj 

is environmental usage technical coefficient expressed in pounds 

or gallons per one dollar of final demand. The resulting E matrix pre-

sented as Table IIl-2 can be considered similar to the A matrix of 
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Table I11-2 (continued) 

1 
2 
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technical coefficients. Each entry !epre sents the direct requirements 

of natural resource usage or emission per dollar of final demand for 

that particular econoITlic sector. Since final demand equals intermedi­

ate demands plus final den'land plus natural resource usage, the 

following matrix equation can be envisioned: 

X=AX+Y+E 

By perfor.ming matrix algebra, the equation produces 

X -AX = Y + E 

X [I - AJ = Y + E 

X = [I - AJ - 1 Y + E [1 - AI -1 

The second term on the right hand side, E [1 - A] -1, is a matrix 

of interdependency coefficients which details a sum of first, second, 

third, n rounds of environITlental usage per dollar of final demand. The 

coefficients r.epresent physical quantities per dollar tradeoffs and do 

not necessarily set a price for these environmental goods. 

The sales /environment usage tradeoffs can be considered as crude 

indicators of an opportunity cost, however. The cOITlmunity would be 

foregoing y sales to prevent q physical quantity of natural resource 

usage or emission into the ambient environment. The actual amount 

consumers would be vv'illing to exchange is still unknown, however. 

The effluent could possible he 1 reated additionally at SOITle cost which 

.may be smaller or larger than the cost of avoiding the effluent by 

lower production levels. 
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With this foundation, certain analyses can proceed such as an 

evaluation of environmental-sales multipliers and total waste loadings 

at current and other regional output levels. Also, evaluation will be 

:made of specific sector changes to evaluate preservation and growth 

alternatives in a rural econo:my. Preservation in this context will 

refer to the non-altered use or controlled alteration of natural resources. 

Before proceeding to the linear programming discussion, an explan­

ation of the model's sectors plus a general description of the data is 

given. The data in the monetary flows matrix is from the Shar:ma study 

except for seafood processing, the derivation of which was detailed 

earlier. 

The economic sectors are detailed in Table 111-3. Classification, 

especially in a rural economy, can be fairly simple. Distinctions are 

first noted among the "natural production divisions" such as material 

extraction and further processing. In this case, the agricultural sec­

tor was disaggregated into its four important sectors although all co:m­

mercial fisheries were bound together. The other extractive sector 

was lumbering. There are three sectors containing the processing 

activities: two types of food and miscellaneous manufacturing. Seven 

retail sectors of the Sharma study were compressed into one retail 

sector. The retail sub-sectors are food stores, gas stations, auto­

motive services, furniture and appliances, hardware and building 

materials and other retail. The wholesaling, transportationl 
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Table 111-3 

Eastern Shore Busines s 
Classification and Standard 

Industrial Classification Categories, 1971 

a 
Industry by Number and Type 

Endogenous Sectors 

1. Livestock & Poultry 

2. Fruits & Vegetables 

3. Field Crops 

4. Misc. Agriculture 

5. Commercial Fisheries 

6. Lumbering 

7. Agri-Food Processing 

8. Seafood Processing 

Relevant SIC Categories 

021 Livestock, Except Dairy, Poultry 
OIS Poultry and Eggs 

016 
017 

011 
0132 
0134 

018 
07 

011 
072 
074 
081 
082 
085 

0912 
0913 

241 

242 

Vegetables and Melons 
Fruits and Tree Nuts 

Cash Grains 
Tobacco 
Irish Potatoes 

Horticultural Specialties 
Agricultural Services 
Soil Preparation Services 
Crop Services 
Vertinary Tracts 
Timber Tracts 
Forest Nurseries 
Forest Services 

Finfish 
Shellfish 

Logging Camps &. Logging 
Contractors 

Sa\.;mills &. Planning Mills 

201 Meat Products 
2Q2 Dairy Products 
203 Canned & Preserved Fruits &. Vegl 

20 Grain Mill Products 
205 Baking Products 
208 Beverages 

209 I S,afood Processing 
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Table 111- 3 (continued) 

til 

Industry by Number and Typea 

9. H1sc. Manufacturing 

10. Retail Products . 

11. Wholesale 

12. Lodging 

13. Construction 

14. Transportation & Warehousing 

.15. Utilities 

I 

Relevant SIC Categories 

27 Printing and Publishing 
32 Stone, Clay, Glass & Concrete 

Products 
34 Fabricated ~Ietal Products 

232 Hens. Youths & Boys Work Clothes 
287 Agricultural Chemicals 
371 Boat Building & Repair 

54 Food Stores 
554 Gasoline Stations 
551-553, 555-559 Autocotive 

56 ·Wearing Apparel 
57 Furniture and Appliances 
52 Hardware & Building Haterials 
53, 59 Other Retail 

50 Durable Goods 
51 Non-durable Goods 

701 Hotels, l-lotels & Tourist Courts 
702 Rooming & Boarcing Houses 
703 Camps & Trailering Parks 

15 Building Construction 
16 Construction other than Bldgs. 
17 Special Trade Construction 

40 Railroads 
42 Motor Freight & Harehousing 
43 U.S. Postal Service 
44 Water Transport· 
45 Air Transport 
47 Transport Services 

481 Telephone 
482 Telegraph 
483 Radio and T.V. 

49 Electric, Gas &_ Sanitary Serve 
489 Co~unicati~ Services 

" 
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Table 111- 3 (continued) 

Industry by Number and Typea 

16. Real Estate & Insurance 

.17. Finance 

18. Restaurants 

19. Personal Service 

20. Educational Service 

21. Other Services 

22. Households 

23. Local & State Governruent 

Relevant SIC Categories 

63 Insurance 
64 Insurance Agents. Brokers and 

Service 
65 Real Estate 
66 Combinations of Real Estate, 

Ins. Loans, Law 
67 Holding & Other Investment 

Offices 

602-605 All Bank Trres 
611-616 Other Credit Institutions 

581 Eating & Drinki~g Places 

721-726-729 Personal Retail Serve 

82 Educational Services 

731-735 Advertisin~ Services 
75 Autoootive Repair, Service 

and Garag-e 
76 Misc. Repair 
78 Motion Pictures 
79 Amusement & Re:~eation Serve 
80 Health Services 
81 Legal Services 
83 Social Service~ 
84 Museums. Air G~11eries, Bot. 

and Zoo. Garcens 
86 Memberspip Org~~ization 
88 Private Househ~ld Services 
89 Misc. Services 
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Table 111- 3 (continued) 

Industry by Nuober and Type 

'Exogenous 'Sectors 

24. rederal Government 

25. Imports/Exports 

a 

" a 
Relevant SIC Categories 

Industry conforms to the se~tors of the Eastern Shore Transaction 
matrix. as found in the Sharma Study, except where aggregated (retail 
gector~,-nr ,riisi\gerp.g.R.tl?d (food !lTocfl'!'tgin~). 

SOuRCE: Statistical Policy Division, Executive Office of The Presider.c, 
Office of Management and Budget, Standard Industrial Classifica­
tion Manual, 1972, U.S. Govemeent Printing Oiiice, Washington, 
D.C. 

.1 
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warehousing, and construction sectors are defined in the Sharm.a study. 

The remainder of the classification syste.m delineates various public 

and private services. They are: lodging, utilities, real estate and 

insurance, finance, bars and restaurants, personal services, educa­

tional services, other services, household, and local governm.ents. 

These complete the endogenous sectors. The exogenous sectors are 

federal-state government and exports. Table 111-3 presents a much 

m.ore detailed breakdown of the sector components. 

The environmental sectors are essentially specific effluent co.mpo­

nents or the transport "vehicle" (in this case water for various uses). 

The data used is a combination of primary and secondary data. Isard, 

Cumberland and Stepp have calculated coefficients for economic sectors 

of various levels of aggregation. However, the geographic differences, 

the aggregation problem mentioned above, plus the potential availability 

of proxy primary data suggested foregoing previous work. The advan­

tages were twofold: 1) data applicable to specific economic sectors in 

a target study area would be quite valuable, and 2) the available data 

was quite detailed as to the characteristics of the effluent for a number 

of economic sectors. The newer data offered also a cros scheck of the 

previous work similar in scope. 

The source of the newer data lay in the public record. Due to a 

strengthening of the 1899 Refuse Act, dischargers of effluents into 

"navigable waters or tributaries thereof" were required to submit 
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1 
permits detailing those effluents. This permit progra.m initiation was 

quite timely since the money flows matrix was based on 1971 data. The 

explanatory pamphlet footnoted immediately above explained those 

industries listed as critical, which could be expected to have an effluent. 

This was valuable in an immediate search of effluent producing candi-

dates on the Eastern Shore. Table 111-4 lists those candidates. Only 

the two food processing sectors and cleaning establishments were found 

in tlle permit files of the Virginia State Water Control Board, however. 

The other sector firIlls were either not complying given their s.mallness 

or simply had no effluent in any water system specified in the act. 

The per.mits themselves provided a wealth of environmental data as 

well as economic data on the processing operations. Appendix II lists 

the relevance of these environmental sectors. Most of the firms had 

data for effluent load per day. Given this figure, an estimate of the 

work year1s discharge may be made. This is a crucial problem since 

the food processing firms have varying seasons. Seafood processing. 

mainly oysters, occurs from September through April. Broilers are 

processed year around, although the effluent from the two firms pro-

cessing them is impounded and discharged in the spring. The annual 

1 
U. S. Department of the Army, Corps of Engineers, Permits for 

Work and Structures in, and for Discharges or Deposits into Navigable 
Waters, 1971. 
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Table 111-4 

u. S. Army Corps of Engineers 
Critical Industry List 

Industry 

Fisheries: Fish Hatcheries 

Food &: Kindred Products: 
Meat Products, Dairy 
Products, Canned and 
Preserved Fruits, Vege­
tables, Fresh &: Frozen 
Packaged Fish &: Seafoods, 
Beverages 

Apparel &: Other Finished 
Products made fro,m Fabrics 
and Similar Materials 

Lumber &: Wood Products: 
Saw mills &: Planning Mills 

Ship Building &: Repairing 

Electric, Gas and Sanitary 
Services: Electric 
Companies &: Syste.ms 

Potential Effluent Co.mponents 

Color, Nitrite, Total Coliform 
Bacteria 

Color, Chloride, Nitrite, Oil and 
Grease, Total Organic Carbon, 
Fecal Streptococci, Fecal Coliform, 
Total Coliform, Pesticides 

Color, Chloride, Sulfide, 
Chromium, Mercury, Surfactants 

Color, Total Organic Carbon 

Oil and Greas e, Chloride, Sulfide, 
Phenols, Manganese, Chromium, 
Coppers, Iron, Cadmium, Lead, 
Mercury, Zinc, Aluminum, Cobal, 
Titanium, Tin, Mol ybdenuITl, 
Chlorinated Hydrocarbons, 
Barium, Nickel 

Chloride, Sulfite, Chromium, 
Zinc, Phenols 

Source: U. S. Department of the ArITlY, Corps of Engineers, Permits 
for Work and Structures in and for Discharges or Deposits 
into Navigable Waters, 1971. 
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figure was constructed based either on the work year days or on the 

actual discharge period. The latter period was specified in the dis-

charge permit application. 

For the agricultural processing sector, the data from two largest 

firms, broiler processors, were tabulated and summed to the data 

from the few vegetable processor permits available. An extrapolation, 

using that data, was made for the rest of the Agri-Food processing 

sector. The procedure was deemed the wisest course since there are 

a variety of products produced in the sector using a number of processes. 

This is a problem of aggregation even given the rather disaggregated 

Inodel presented .••• especially in key sectors such as Agri-Food and 

seafood processing. A similar construction was executed for seafood 

processing. 

Another data problem confronted was different water usage, given 

known technology homogeneity and similar production. In conversation 

with a Virginia State Water Control Board engineer, it was suggested 

that in-plant water-rnanage.ment practices will vary across firms with 

similar technology. 1 Nothing was done to correct this problem because 

the study was not designed to be that firm specific; hence, the aggre-

gation problern was tolerated. 

lConversation with Mr. Larry Lawson, Engineer with Virginia 
State Water Control Board, Richmond, February, 1973. 
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The other sectors r effluent data was obtained from three sources: 

Virginia State Water Control Board material, a sanitary engineering 

1 
textbook plus a federal government study. The fertilizer data was 

obtained from. a Tennessee Valley Authority annual publication. 2 The 

tidal m.arshland usage coefficients were developed by simply dividing 

the commercial fisheries yield by three types of marshland based on 

their ecological significance. The methodology for determining this 

will be developed in the linear program.ming section. 

Linear Program.ming Analysis 

Linear program.ming is essentially an empirical technique which 

emulates theoretical economics in .many of its constructs. As Dorfman, 

Samuelson and Solow stated in 1958, "economists have been doing linear 

economics for more than forty years without being conscious of it. 

The word linear ... calls attention to the fact that the basic restrictions 

in the problem take the form. of the simplest of all mathematical func-

tions. In this case the restrictions state that the total amount of any 

IBureau of Sanitary Engineering, Daily Water Consumption Rates, 
Virginia State Department of Health, 1968. 

John W. Clark, Warren Viesman, Jr., and Mark J. Ha.mmer, 
Water Supply and Pollution Control, International Textbook Co. , 
Scranton, Penn., 1971, p. 113. 

U. S. Department of the Interior, The Case of Clean Water, Vol. 
I, Summary Report, Washington, D. C., Government Printing Office, 
1968. 

2Norman L. Hargett, Fertilizer Summary Data, 1972, National 
Fertilizer Development Center, T. V. A., Muscle Schoals, Alabama, p. 38. 
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factor devoted to all tasks must not exceed the total amount available; 

mathematically each restriction is a simple sum. ,,1 Much of this 

sec~ion' s theory will be developed from the above source. Linear pro-

gramming is a mathematical technique for finding the optimal uses of 

scarce resources. This is quite consistent with economic theory. 

The problem specific to this study is the allocation of preservation 

services, mispriced or unpriced, and alteration services of wetlands. 

Initially, the model was intended to act as a proxy for a market in 

allocating, without public sector intervention, among the various wet-

land uses. However, given the difficulty in estimating social values 

for some of the services, a development tax system was eventually 

inserted into the model to account for those services which were impos-

sible to even crudely estimate. More than anything else, this is a 

feasibility demonstration of using ecological valuing criteria as a b~asis 

for social efficiency of the use of a natural resource in a reglonal 

economy. 

There are four basic as sumptions of linear programming: (1) The 

total amount of resources used by the several enterprises must be 

equal to the sum of the resources used by each individual enterprise. 

This is the linearity and additivity as sumption. (2) It is as s umed that 

lRobert Dorfman, Paul A. Samuelson and Robert M. Solow, 
Linear Programming and Economic Analysis, McGraw-Hill, New York, 
1958, p. 10. 
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factors can be used and commodities can be produced in quantities 

which are fractional units. This is the divisibility assumption. (3) 

There is a limit to the number of alternative activities and to the 

resource restrictions needed to be considered. This is the finiteness 

assumption. (4) The model also operates under perfectly competitive 

conditions. Since the .model proposed here will be incorporating proxy 

social valuations, this as sumption will not be strictly adhered to. 

A brief explanation of the actual components of the linear pro­

gramming model will now be presented to gain some insight into its 

construction before proceeding with a detailed description of the study's 

usage of it. Essentially, a linear function is maximized (or minimized) 

subject to a system of linear inequalities. These constraints are weak 

inequalities since the entrepreneur is free to use less than his endow­

ment. He is restrained from using more than his endowment and his 

input and output levels must be non-negative. In this model's case, 

all the inputs (all tidal marshland) will be used, but in the alteration 

or preservation state. This technique is very applicable to short-run 

analysis where a bundle of fixed inputs is endowed to the entrepreneur. 

In the longer run, where all inputs are variable, simple linear pro­

gramming must be modified to account for the changes. 
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A general form of the model used here is given as: 
3 2 323 

max ~ (Z) = t. t. v X + i [ ~ r W 
i=l j=l ij ij i=l j=l k=l ijk ijk 

s. t. 
B ,X +W 

ij ij ijk 

0 > all X 
ij 

0 > all W 
ijk 

Where v is the estimated social value of preserved services per acre 
ij 

of the ith grade of wetland used at the jth location; rook is the market 
IJ 

value of an acre of the ith wetland grade converted to kth alteration 

services at the jth location; X .. is the number of the ith grade of wet­
IJ 

land acres in the jth location for preserved services; W"
k 

is the num­
IJ 

ber of ith grade of wetland acres in the jth location for the kth altera-

tion service; fJ (Z) is Gross Regional Social Product (GRSP); Bo. is the 
IJ 

upper limit on the num.ber of acres of the ith grade tidal wetland at the 

jth location. Additional constraints can be added reflecting limitations 

on public services provision, construction labor, etc. 

As indicated previously, the effects of a development tax were 

considered also. Through a srnall model modification, the tax was 

applied to the alteration activities when they entered the solution as 

the program sought to optimize GRSP. Those alteration uses resulting 

in lesser ecological disturbance (e. g., rnarinas or marinas servicing 
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cluster housing) were not taxed at all, while highly ecologically dis-

turbing uses (e. g., lagoon housing) were taxed. 

A general explanation of the data and its construction will now pro-

ceed, while a detailed explanation of both can be found in Appendix III 

and IV. The inputs for the various activities are three grades of tidal 

wetlands, all of which provide services for both alteration and preserva-

tion sectors. Many of these services are Inis -priced if in the preserva-

tion state. 

The key to the preservation/alteration decision will be the relative 

"weighttt placed on the ecological value of various wetland types. This 

Ineans considering the "differential" ecological productiveness of a 

wetland. An evaluation criteria for this has been developed by Inarine 

scientists at the Virginia Institute of Marine Science (VIMS). 1 In their 

current wetlands I inventory process, they have devised a scheIne 

which evaluates the physical (biological, geological) nature of each 

site in a quali tati ve / quantitative index s ysteIn. While the wetlands 

were evaluated using a crude version of the VIMS criteria, the weights 

of 125%, 100% and 50% were arbitrary although reflective of the com-

parative ranking. 

1The VIMS index criterion is partially subjective in that the 
marine scientists will qualitatively rate a site based on their experi­
ence, besides using quantitative data on net priInary productivity, 
physical size, numbers and variety of flora and fauna. The physical 
characteristics described in the text are a major share of the total 
rating index. 
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In assigning an index number for each marsh area (which may be 

a 1 acre or 500 acre site), the geological parameters to be considered 

are: 1) larger wetlands are more valuable •.•. especially those of 

broad expanse as compared with narrow fringing types, and 2) rapid 

water exchange rate (through dendritic drainage patterns and lower 

elevation) is more valuable than a slow rate. In essence then. those 

more susceptible to frequent flushing of detrital materials are the 

. . . 1 
more valuable in this ordinal approach. 

The biological parameters include: 1) larger crops per acre of 

grasses are more valuable .... especially the high physical yield Spar-

tina grasses, 2) more diverse vegetation species with higher value to 

marine life is valued more, and 3) areas confirmed as spawning, nur-

sery or feeding grounds are mor.e valuable. 

lConversation and correspondence with Dr. Gene Silberhorn and 
Dr. Kenneth Marcellus, Virginia Institute of Marine Science, plus 
Kenneth L. Marcellus, Coastal Wetlands of Virginia, Interim Report 
No.2, Virginia Institute of Marine Science, Gloucester Point, 
Virginia, 1972, pp. 14-15. Specifically, "because low marsh areas 
are flooded more frequently by high tides, and are thereby flushed 
most, they are considered more important than high marsh areas .•• 
the low marsh area is generally dominated by salt marsh cordgrass, 
Spartina alterniflora, which usually produces, annually, a greater 
biomass of vegetation than any other wetland species in Virginia. 
The biomass per unit area on high salt marsh areas is generally less 
than that of low marsh areas .•.• extensive and complex drainage pat­
terns within wetland areas result in more diversified habitats .••• the 
greater the chances for frequent transport of detrital materials off 
the marsh and into the water for incorporation into marine food webs ... 
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Unfortunately, a complete survey by on site VIMS teams had not 

been completed at the time of this study. Hence, a rough approxima­

tion using geological parameters applied to U. S. Coast and Geodetic 

Survey maps was implemented. 

Using a planimeter, all of the tidal marshland for the two Eastern 

Shore counties were mapped and evaluated by the criterion above as 

low, medium, or high ecological priority. With the compilation of 

that data, the distribution of high, medium, and low ecologically valu­

able wetlands for the region was established. 

Calculation of the objective function alteration or pres ervation 

coefficients proved empirically more difficult. Valuation procedures 

for the social benefits are, by necessity, very crude measures. The 

value of commercial fisheries can be estimated by simply dividing the 

value of dockside landings by the total acres of salt marsh in the 

region. The valuation proble.m is slightly more complex than this, 

however, since the Eastern Shore contains 48% of all Virginia marsh 

but accounts for only 17% of the total value of dockside landings. The 

model assumes all fish nurtured in the East ern Shore wetlands. are 

harvested as Virginia dockside landings. Of course, this is not quite 

true but close to reality. Secondary effects were considered such as 

seafood processing and their support industries since they exist solely 

because of the nearby fisheries. 
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Other preservation values are currently of lesser monetary impor­

tance. Salt water recreation and wild fowling values per acre can be 

calculated given some type of regional valuation for these social 

benefits. Erosion control values (total expenditure) can be estimated 

via alternative costing methods (e. g., valuing bulkheading). Flood 

control and waste assimilation proxy values (even for a range) are 

unknown for this particular region at present, hence were not estimated. 

Once these values are estimated, they are aggregated into a pre­

servation coefficient which represents the medium ecological priority 

marshland. The weights cited earlier would then be used to adjust the 

preservation coefficients higher or lower depending on the grade of 

marshland used. 

This aggregation procedure is conceived as one way of coping 

with the noncompeting jointly produced services provided by each acre 

of marshland. Otherwise, too many acres of marshland would go into 

solution or the model would become too tautological. This aggregation 

procedure may seem awkward, given the summation across diverse 

economic sectors, but the jointness of service is the strong tie. 

Mechanically, the construction of one preservation coefficient composed 

for each wetland grade eliminates cumbersome additions to the model 
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since if one preserved activity were demanded all would necessarily 

have to go into solution. 1 

The alteration activity coefficients represent an activity on a par-

ticular site. This model will have two basic activities: lagoon or 

near waterfront housing and marinas. Depending on which marina 

coefficient is chosen, the model will allocate its alteration sites to 

waterfront (lagoon) or near waterfront cluster housing serviced by a 

marina. Their value is reflected in their annual monetary site rent 

which is determined in the private m.arket. All of these estimation 

p'rocedures, for preservation and alteration activities, plus the wetland 

inventory, are explained in detail in Appendices III and IV. 

The results of the ,model can be used as a first approximation for 

exploring land use development patterns as guided by a planning agency 

and the trade-offs in terms of social benefits and costs among altera-

tion and preservation activities. Given the level of alteration, the 

baseline effluent levels developed in the input-output analysis can be 

extrapolated to reflect the higher level of environmental usage. Thus 

1 
That procedure rais es the question of the actual demand for a 

natural resource, since it does not become an economic resource 
until utilized as such. Prior to that it should be considered for pur­
poses of this study, in an 'option demand' category. See Charles J. 
Cicchetti and A. Myrick Freeman III, "Option Demand and Consumer 
Surplus: Further Comment, II Quarterly Journal of Economics, LXXXV, 
August, 1971, pp. 528-539. 
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both these tools, used separately, can be integrated together for 

polic y anal ys is. 

Final! y, the reader should be cautioned to the limitations of simu-

lated allocati ve mechanisms in the light of a suspected weak market. 

Optimizing models such as linear progratnming can provide an alterna-

tive allocation mechanism, but they may provide socially inefficient 

allocations. This divergence between social costs and returns and 

pri vate costs and returns .ma y occur if the technological and exchange 

opportunities are improperly specified, or if the objective function does 

not represent true social costs and returns. 1 These specifications are 

especially crucial in our problem because of the open access property 

problem. 

IGarnett L. Bradford and Fred B. Saunders, Quantitative Techniques 
with Application to Rural Developm.ent Research, Southern Farm 
Management Research Com.mittee and the Farm Foundation, March, 
1972. 



CHAPTER IV 

RESULTS AND ANALYSIS 

The empirical implementation of the previous chapter's models 

will be considered now. The modified input-output analysis will be 

detailed first with an examination of the regional economic -environ-

mental structure; then, an impact analysis with projected waste 

loadings contrasted with corresponding sales and employment changes 

will follow. Finally, potential development tax effects on tidal marsh-

land allocation will be presented. 

Input-Output Results: 
Environmental Usage Structure 

The mating of the environmental usage .matrix of direct coeffi-

cients with the Leontief Inverse proyides the matrix shown in Table 

IV -1. This table contains direct and indirect (D+ 1) coefficients of en-

vironmental usage given a one dollar change in exogenous demand. 

This demonstrates the environmental linkage concept noted in similar 

studies. 1 There are coefficients in almost every cell, just as 

lRoberts, Ope cit. 
Laurent and Hite, Ope cit. 
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Table IV-l 

I 

Environ!llental In1pact for a Ona Dollar 
Change in Each Selected Final Demand 

livestock frufts & field Mtsc. Ayr1food Seafood Misc. 
Envlronmental Sector & Poultry Vegetabl es Crops Agricultuf'e Fhherles Lumbering Process Process Manufacture 

SanItary Water (9d1'1 10. 27261j9 10.561417 9.967418 12.255111 10. Q2 3f,f\:i 1.524992 5.511570 11.161181 . 5.9WE47 
Pr"ccss )tlter (9 11 . 2 4.€04(;t:4 107.504216 61.393063 1t:.3510oo 1.070:'16 1.691362 19.884394 6.817493 1.840332 ...... 
Totdl ~Jtt:r Intake(Qd1.) 3 14.8751DO 118.064355 11.364300 30.605195 11.0931~15 8.954808 2S.39~5]5 18.037952 1.797112 ...... 
Waler Discharge (gll.) 4 14.876773 1 ilL 06563] 71.365481 30.£Of,ll1 11.094.1;:'4 9.216354 25.395%4 18.0)[1673 7 .80ll-~9 ...... 
5 n.O.D. (1bs.) 5 0.0007J2 0.000744 0.000702 0.00(1902 0.00fil;41 0.000522 0.008451 0.001655 O.oa0106 
e.o (lbs. ) 6 0.000150 0.000\56 0.000143 0.000203 O.OOOIU 0.000109 0.010362 0.021763 O.OtJO:J77 
Alb 110i ty 7 0.ooor,a6 0.000094 O.OON)84 0.0011126 0.0f,(,,;7tJ 0.000063 0.012230 0.012809 0.0(1(.1':·12 
A.:. Lll tl 8 0.000020 a.onOatl 0.0000)9 0.001)(,29 0.00:'0\8 0.000014 0.002919 O.ooo:wa O.OOv:'li9 
Sus 5vllds (Ibs.) 9 0.015.t53 0.016120 0.015243 0.OltS61 (J.Ol !;j.10 0.011000 0.009:359 0.067276 O.Ou,l~dJ 
015S Solids (lbs.) 10 0.Q00S67 0.000073 0.O()Q065 O.OGf,1)98 0.0(',(· til 0.000049 0.005201 0.089059 0.000,;)2 
TotJI Solids (los.) 11 O.OlSS::O 0.016194 0.015'108 0.011'&59 D.Ol'."it)J 0.011049 0.0150(,0 0.156559 O. Q(J:.·'45 
Oq.lfilC tI (lbs.) 12 O. OI)C;'~67 0.000073 0.0000L5 0.0(1)098 O.O(jl!(li~1 0.000049 0.009901 0.003348 0.000032 
",tM, (lb"j 13 O.OOCOfj7 0.000007 0.000001 0.ouoal0 Q.OO(,l'C6 0.000005 0.001013 0.000123 0.00(;.)03 
:Ii t r i t L' (l b 5 • 14 O.COOOH) 0.000001 
A;,I .. H,i<i (Ills. 15 O.OOCI!26 0.000028 a.oaOO2S O.OOt;018 0.001:'.'" 0.000019 a.OOJa:!2 0.00(1860 0.000013 
T<.t P (lbs. 16 .O.65VAB 0.0005'19 0.000537 n.CCld141 O.Of,("·I', 0.000401 O.0400~,n 0.00)306 0.000,72 
Sulfate (lbs. 11 o.oonona O.(JOOOn9 0.000008 o.oo(J(J12 O.OO':!·!J 0.000006 0.001254 0.000089 0.0(:0IJ04 
TeL Grq"nic C ·(1bs.) 18 O.QOCil/i] O.OOOOlJ 0.00;)065 0.00IJ098 a.onCnt,) 0.000049 0.0I00S1 0.000716 0.0('0032 
CA (I ts. ) 19 0.000002 0.000002 0.000002 0.000003 0.00C:002 0.000001 0.000211 0.001311 0.000001 
MG (Its.) 20 0.000020 0.000001 
Il.~:r. (11.5.) 21 0.001)1')03 0.000004 0.(100003 0.00n005 0.00flO03 0.000002 0.000502 0.000036 0.000:102 
CL (lbs..) 22 0.OQOO50 0.000054 0.000048 0.0(10073 O.OCt)OVi 0.000036 0.006183 0.023567 0.000024 
Oil & Grease (lbs.) 23 O.OOO!;O) 0.000003 0.000003 O.(\{lOOO5 O.O(}('i,O) '0.000002 0.000071 0.007265 0.000002 
N r Its.) 24 0.000018 0.000175 0.00026) 0.00[014 Q.cooca] 0.000004 0.000015 0.000004 0.000007 
1'205 (lbS.) 25 0.001)017 0.000165 D.flOO.?5) 0,000013 0.OOliili12 0.000004 0.000014 0.000004 0.000007 
1(;10 (IllS. ) 26 O.OOGOla 0.000175 0.00027J 0.000014 O.DO(IOO) 0.000004 0.000015 0.000004 0.000007 
Tot r~rtlltzer (lbs.) 27 0.000l74 O.0016El8 0.00::'598 0.000151 0.00(1024 0.000041 0.000147 0.000038 ·0.000069 
HI!;1 r\:rsh ~ acres ~ 28 O.OOOOll 0.000014 o.olloon 0.000019 O.M;'?77 0.000009 0.000006 0.009073 0.00('006 
I'::;J 1"Jrsh .seres 29 0.000004 0.000004 0.0(1)004 0.000006 O.OOl :i:'S 0.000003 0.000002 0.002780 0.('00002 
lep rJrsh (~cres) )0 0.000002 0.000002 0.000002 o.ooonOl 0.00 dOl 0.000001 0.000001 0.001345 O.00Ul101 
T~t MJI·sh (acres) 31 0.000019 0.000021 0.000018 0.000028 O.O:1;':·1OJ 0.000014 O.OuOOOIj 0.013198 0.000U09 



Table IV -1 (continued) 

Personal Educatfonal Other LocI 1 
Servjce Services Services Household Government 

1 7.763123 22.008838 lO.1298l6 21.008209 20.560669 
2 13.637091 1.19863) 1.087535 1.409582 1.256611 
3 21.297800 23.206197 11.215965 22.416828 • 21.815993 
4 21.400214 23.207471 11.217351 22.417791 21.917279 
5 0.017929 0.001098 0.000756 0.001405 0.001185 
6 0.00)847 0.000205 0.000201 0.000259 0.000229 ...... 
7 0.000070 0.000114 0.000145 0.000143 0.000116 

...... 
8 0.000016 0.000026 0.000033 0.000032 0.000026 

N 

9 0.011401 0.025137 0.014929 0.032395 0.024249 
10 0.000054 0.000089 0.000105 0.000111 0.000090 
11 0.011455 O.O2~226 0.015034 0.032506 0.024339 
12 0.000054 0.000089 0.00011 3 O. QOOlH 0.00iJ090 
13 0.000U06 0.000009 0.000012 o.oooon 0.000009 
14 
15 0.000021 0.000034 0.000044 0.000043 0.000035 
16 0.000448 0.000750 0.000698 0.000945 0.000755 
17 0.oonti07 0.000011 0.000014 0.000014 0.000011 
l8 0.000054 0.OOOOa9 0.000114 0.000112 0 •. 000090 
19 0.000002 0.000003 0.000003 0.000001 0.000003 
20 
21 0.000003 0.000004 0.000006 O.OOOOM 0.000005 
22 O.UCOO40 0.000066 0.OOOO1:!2 0.000083 0.000067 
23 0.OCOOO3 0.000004 0.000005 0.000005 0.000004 
24 0.000002 0.000003 0.000003 0.000003 0.000003 
25 O.OOt)OO2 0.000003 0.000002 0.000003 0.000002 
26 0.000002 0.000003 0.000003 0.000003 0.000003 
21 O.OOOD1S 0.000026 0.000025 0.000028 0.000025 
28 O.OOOUIO 0.000017 0.00001l 0.000021 0.000017 
29 0.000003 O.DflODOS 0.000004 0.000006 0.000005 
30 0.000002 0.000003 0.OtlOOO2 0.000003 0.000003 
31 O.OeDOIS 0.000024 0.000018 0.000030 0.000025 



Table IV -1 (continued) 

Retail Real Estate 
Products Wholesale lodging Construction Transportation Ut 11 tties .. Insurance Finance. Eating 

1 6.675017 5.212138 23.386254 10.136946 6.641793 a. u7 1iU!)4 10.291286 10.504093 13.2470':14 
2 1.413636 2.671480 2.M29!:;9 1.102329 0.529600 1.0~3J)8 0.821:1115 0.756296 2.610711 
3 8.087741 7.833175 26.327501 11.219709 7.171044 9.128519 11.111823 11. 259249 15.857146 ...... 
4 8.088653 7.883618 26.329213 11.239274 7.17139) 9.129173 11.112672 11.260389 15.857720 -5 0.000581 0.000411 0.001030 0.000£91 O.OOO4UO O.OOO~15 O.O(\OB06 0.000726 0.000904 \,,\) 

6 0.000241 0.000r80 0.000521 0.000136 0.000093 0.0110113 0.000155 0.000136 0.000498 
7 0.000213 0.000037 0.OQ0500 0.000071 0.000054 0.(100059 0.000073 0.000072 0.000482 
8 0.000043 0.000008 0.000113 0.000017 0.000012 O.OCOOI4 0.000017 0.000016 0.000109 
9 0.009308 0.007643 '0.016920 0.015073 O.OG91109 0.011859 O.Og69a 0.015S30 O.013G41 

10 0.000167 0.onQ029 0.0(0)<)0 D.000060 0.000042 (l.ODCQ·16 0.000057 0.000056 0.000375 
11 0.009975 0.00/672 0.017310 0.0) 5132 0.009851 0.011905 0.015/55 0.015936 0.013416 
12 0.000166 0.000029 0.OCU)90 O.OfJOOGO 0.uQ0042 (j.{jOOO-16 0.000uS7 0.000056 0.000376 
13 0.000017 0.000003 0.000039 0.000006 0.000004 0.0.10005 0.000006 0:000006 0.0000)8 
14 
15 0.000064 0.000011 0.000150 0.000023 0.000016 0.000018 0.000022 0.000022 0.000145 
16 0.001251 0.000239 0.001834 0.000.197 0.000345 0.000384 0.OorA19 0.000474 0.001722 
17 0.000021 0.000004 O.OOO(H9 0.000008 0.0000(15 O.liuOOO6 0.000007 0.000007 Q.QOuCH 
18 0.000166 0.000029 0.0/'0390 O.OOOOllO 0.000042 0.000046 O.OG( 057 0.000056 0.0(\0376 
19 0.000005 0.000001 0.00.0011 0.000002 0.000001 O.OdOOOl Q.OOOG02 0.000002 0.000011 
20 0.000001 0.OOnflO1 
21 0.000008 0.000001 0.000020 0.01)0003 0.000002 0.000002 0.000003 0.00000] 0.OOU019 
22 0.000123 • 0.000021 0.000:.'<39 0.000044 0.0000)1 0.000034 0.000042 0.000042 O.OC0219 
23 0.000008 0.000001 0.000018 O.OOOOOl 0.000002 0.000002 0.000003 0.000003 0.000017 
24 0.000004 O. 00001 t 0.000005 O.OO;JliOl 0.000001 0.1100003 0.000002 0.000002 0.000004 
21) 0.000004 0.000010 O.O(li)i)05 0.000003 0.000001 0.0:10003 0.000002 0.000002 0.000004 
26 0.000004 0.000011 0.000U05 0.000003 0.000001 0.(1uOO03 0.000002 0.000002 0.000005 
27 0.000036 0.000104 O. u()(h)50 0.000029 0.000011 O.Or10031 0.000015 0.000015 0.000043 
23 0.000035 0.000005 0.onOOZ8 0.000011 0.000008 O.llCIOOO9 0.000011 .0.000010 0.0000:'6 
29 '0.000011 0.000002 0.000009 0.000004 0.000003 Q.voou03 0.000003 0.000003 0.000008 
30 0.000005 0.000001 0.000004 0.000002 0.000001 O.WOOOl O.OOflOOl 0.000002 0.000004 
31 000052 0.000008 0.000041 0.000016 0.000012 o. (Juvall 0.000015 0.000015 0.000038 
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interdependence coefficients completely fill out a Leontief inverse 

1 
matrix. The linkages demonstrate that, although an industry may not 

directly produce various effluent components, through the mUltiplier 

process, when a sector requests inputs from another sector which in 

turn requests inputs from a third, etc., the inputs de.manded will 

eventually originate from a sector contributing some type of effluent. 

Seemingly unrelated economic and environmental sectors are thus 

joined together. The economy of the Eastern Shore is very simplistic, 

with the food processing industries predominating. The interdepen-

dencies do exist, however, and these linkages dernonstrate the impor-

tance of those sectors to the rernainder of the economy there. 

An example of some of these linkages will be illustrated for the 

fisheries sector. Data problems prevented the presentation of any 

direct environmental usage coefficients except for tidal marshland. 

Yet, the indirect impact of a one dollar increase in external deliveries 

for the fishery sector is quite marked: 11. 093725 gallons of water 

input, • 000841 pounds of biochemical oxygen demand (b. o. d. ) load, 

• 000168 pounds of chemical oxygen demand (co o. d.) load, .015340 

1 A number of cells in the nitrate environmental usage row appear 
to be zero in the direct and indirect matrix due to truncation by the 
computer program. The computer program was designed by Neils 
Rohrholm, Harold Lampe, and Sidney Feld, Department of Food and 
Resource Economics, University of Rhode Island, Kingston, 1972. 
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pounds of suspended solids t .000507 pounds of phosphorous and .000061 

pounds of organic carbon. 

A table was developed to compare direct and environmental coef­

ficients representing four commonly used indicators of water quality. 

Selected environmental sectors are presented in Table IV -2 with the 

ranking of direct and total environmental coefficients from the corres­

sponding economic sectors compared. The economic sectors were 

ranked on the basis of direct coefficient size. The total coefficients 

demonstrate the need for considering the linkages t since the effluent 

emis sion potential of some sector's is increased by it. In the b. o. d. 

sector, seafood processing climbs to a third place ranking while house­

holds drop to fourth place in the comparison between direct and total 

coefficients. Lodging appears as the fifth most important even though 

it did not initially record a direct coefficient. Similar situations are 

found in the other three sectors. 

One final point needs clarification, however. Even though the 

rankings are valuable (from a planning viewpoint) in assessing those 

industries which would export .much of their environmental usage, the 

comparison is deceiving. Those industries with stronger linkages 

(buy more of their inputs or sell their outputs within the region) would 

tend to be greater intra-regional environmental users. In absolute 

terms, although the personal service sector is the largest b. o. d. 

emitter per day, the agri-fo<;>d processing sector and the household 



Direct 
Coefficient 

.1729 
• 00808 
.00051 

. . 00031 

·0.02068 
0.01029 
0.00371 

0.05028 
0.02370 
0.00169 

0.5097 
0.00099 
0.00019 
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Table IV-2 Rankings of Economic Sectors 
by Size of Environmental Coefficients 11 

Economic 
Sector 

Direct 
and 
Indirect 
Coefficient 

B.O.O. 

Personal Service .0179 
Agri-Food Pro • .00845 
Household .0016 
Seafood Pro . .0014 

.00103 

C.O.D. 

Seafood Pro. • 02176. 
Agri-Food Pro. .01038 
Personal Service .0038 

Sus. Solids 

Seafood Pro. 
Household 
Agri-Food Pro. 

0.06728 
0.032 
0.0251 

• 0242 

Total P 

Livestock & Poultry 
Agri-Food Pro. 
Seafood Pro. 

0.6565 
.1040 

0.0033 

Economic 
Sector 

Personal Service 
Agri-Food Pro. 
Seafood Pro. 
Household 
Lodging 

Seafood Pro • 
Agri-Food Pro. 
Personal Service 

Seafood Pro. 
Households 
Ed. Services 
Local Gov . 

Livestock & Poultry 
AgY'i-Food Pro. 
Seafood Pro. 

1I Direct and Total (Direct and Indirect) effect coefficients 
obtained from Table IV-l. 
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sectors are the largest in terms of volume. Rankings reflect only 

effluent per dollar of gross sales. Checking the monetary flows matrix 

in Appendix I will reveal the relative size of the personal service sec-

tor vis-a-vis the dominant agri-food processing sector. Hence, while 

in this configuration personal services rnay appear to be a dangerous 

effluent producer, in reality the agri-food proces sing sector is over-

whelrning in its pollution potential. Also, generally the manufacturing 

sectors are the basic sectors which would be established on a much 

larger scale than the tertiary sectors according to export regional 

income theory. Even if the effluent quality of the tertiary sectors 

improved, the potential still is much greater for rnuch larger absolute 

ernissions from selected manufacturing sectors. Caution should be 

exercised in drawing broad conclusions from these indices as to geo-

graphic or economy-wide effluent standards. 

All of the above indices are essentially "opportunity supply costs. If 

Roberts has suggested that they are proxy choice indicators, since the 

waste assimilative capacity of the receiving environment has not been 

considered nor conventially priced in the market. 1 Of course, this 

1 
Roberts, Ope cit., pp. 86-89. Essentially, the usage of environ-

mental services has not considered the effect on the stock of natural 
resources and this will effect future usage from quality and quantity 
standpoints. 



118 

does not consider what consumers would pay for these trade-offs. If 

combined, then environmental quality and economic growth trade-offs 

could be analyzed. 1 . 

Economic-Environmental Impact Analysis 

In this section, the environmental structure discus sed earlier will 

be subjected to exogenous shocks in the form of sectoral demand changes. 

This allows a schedule to be developed that presents employment and 

environmental usage changes as sociated with changes in demand. A 

note should be made that in keeping with the export-led theory of 

regional development, the emphasis is on the export base sectors, 

although included in this analysis are some service sectors for illus-

trative purposes. Given the nature of the econo.my, further growth 

will likely be from external sources such as off shore oil exploration 

services. Z This is not to rule out internal growth along the lines 

advocated by the Borts and Stein theory, but it is highly unlikely given 

lAs will be dis cus sed later, a true trade - off should cons ider the 
effect on the natural resource stock, which at the least would be a 
consideration of the net annual effect (assimilative capacity vs. load) 
and eventually a dynamic analysis with feedback effects. 

2 Care must be taken not to confuse the exogenous demand of the 
export base theory and the exogenous demand or final demand sectors 
of the input-output model. A point in fact is that Z1 out of Z3 endo­
genous sectors in the I/O model do export some of their gross sales. 
Of these, fully 9 sectors export 400/0 plus of their gross sales. 
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the econo.mic conditions in this economy. This section will concentrate 

on the export base sectors. 

The current effluent loadings on the Eastern Shore are given in 

Table IV -3. As the food processing percentage indicates, much of 

the environmental data gathered was based on the two food processing 

sectors. Of course, many sectors have very little. or very simplistic 

direct effluents since the origin is mainly from sanitary usage sources. 

Care must be taken in interpreting the loadings as well as the coef­

ficients they were derived from for a number of reasons. The food 

processing effluents are discharged directly into water courses after 

some type of treatment, which invariably is a series of holding ponds" 

The seafood processors emit directly and immediately from their 

plants the process waste water but the sanitary water goes into a 

septic system. A very small percentage escapes through evaporation 

and percolation. Also, an insignificant amount is discharged through 

irrigation. The effluent characteristics reported here are based on 

water-course discharge point analysis. The agri-food processing 

sector usually holds its effluent in holding ponds before discharging 

it in the spring of the year. Although not continuous throughout the 

year, this .must be a large shock to the estuarine capacity to assimilate 



~ 

.Sanitary Water 
Process ~later 
Total Water Input 
Hut\~r Discharge 
B.O.O. 
C.O.D. 
Al k.ll inity 
Aci di ty 
Sus. Solids 
Oi:;5. Solids 
TotJl Solids 
Org N 
Nitrate 
Nitdte 
Amllioni a 
Total P 
'Sul fate 
: Tot, Or; Cctrbgn 
Calcium 
Ht. lj lit: $ i um 
ScJiulll/Potassium 
Chloride 
Oil and Grease 

Table IV-3 

1971 Effluent Totals: Agri and Sea Food 
Processing vs. the Total Region 1-' 

Food Processing as a 
Food Processing % of Regional 

Sectors Total 

15,356,700 gals 1% 
1,604,706,839 gals. 60% 
1,620,063,539 gals. 40% 
1,620,063,539 gals. 40% 

631,5261bs. 28% 
887,538 lbs. 98% 
999,0511bs. 100% 
227,267 1 bs. 100% 
339,778 lbs. 14% 
7GS,271 lbs. 100% 

1:11 105,9281bs. 36% 
780,026 lbs. 100% 
79,951 lbs. 100% 

915 lbs. 100% 
300,316 1bs. 100% 

7U,529 lbs. 17% 
97,964 lbs. 100% 

700.G29 lbs. 100% 
21,9581bs. lOO~ 

2.450 lbs. 100% 
39,37;:) lu$. 100% 

574,656 lbs. 100~~ 
35,595 lbs. 100% 

Regional 
Total 

1,342,945,903 gals. 
'2,653,709,399 gals. 
3,996,655,302 gals. 
3,996,655,302 gals. 

2,249,940 lbs. 
896,919 lbs. 
999,051 lbs. 
227,2671bs. 

2,293,900 lbs. 
765,271 lbs. 

3,059,17'1 lbs. 
780,026 lbs. 

79 J 951 1 bs. 
915 lbs. 

300,316 lbs. 
444,632 lbs. 
97,9641bs. 

700,629 lbs. 
21,958 lbs. 
2,450 lbs. 

39,375 lbs. 
574,656 lbs. 
35,595 lbs. 

11 ('btained by fIIultiplying the totill (direct <trld indirect) cr:v·ironmental coefficient times the gross 
sales generated in 1971 and then surrming for all sectors. Gross sales are obtained from Appendix 
Table 1-1, \'ihile the envirollmental coefficient was obtaintd from Table III-2. 

,... 
N o· 
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this load. Note also that the late spring is the beginning of the spawn­

ing period for oysters. 1 

The household and service sectors contribute the m.ajor portion 

of sanitary water, b. o. d. and suspended solids effluent. However, at 

this writing there are only two sewage collection system.s on the 

Virginia peninsula, one at Cape Charles designed for 2500 residents 

and businesses, and one at Onancock serving 3200. Only Onancock 

has treatment facilities at the prim.ary and secondary level. These 

facilities serve 5700 people or 13. 40/0 of the population. Most of the 

other residents have a septic tank facility. 2 Since most of the popula-

tion is concentrated in villages either along the Shore or on creeks a 

short distance from the Shore, it is expected that the septic system 

effluent would make its way to either water course. Of course, the 

suspended solids component would be handled as other septic tank 

sludge is disposed of, by a maintenance service. As will be discussed 

later, there are severe septic sewage problems in some coastal popu-

lation concentrations such as in Oyster and Chincoteague. So although 

somewhat overstated, the effluent from the septic system is getting 

1 
Elizabeth M. Wallace and G. Robert Lunz, The Oyster, Leaflet 

No. 11, Atlantic States Marine Fisheries Commission, Tallahassee, 
Florida, 1968, p. 8. 

2.The environITlental data development section explains the disag­
gregated derivation of this sector. 
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into water courses and creating water quality problems. The extent 

of the b. o. d. and phosphorus load overestimation is difficult to even 

approximate. 

Since the earlier economic study of this region extensively devel-

oped a multiplier analysis, the concentration here will be solely on 

export multiplier effects, changes in effluent loadings and changes in 

1 
employment resulting from increased output demand. The export 

multipliers are the column sum for each endogenous sector' of the 

interdependence matrix. They represent the increase in the region's 

economic activity as a result of a dollar I s change in final de:mand. 

Final de:mand in this case being exports and the federal and state 

government activity. A case in point would be seafood processing 

where a one dollar increase in final demand would generate $3. 24 of 

additional economic activity through the economy. The twenty-three 

output ,multipliers in the model range from a low of 1. 789376 for the 

wholesale sector to a high of 3.757647 for local government. This 

dis parity in values reflects the varying interdependenc e of the sector s. 

As was discussed earlier in this chapter, those sectors importing a 

high percentage of their inputs have low multipliers since they depend 

less on local resources. The opposite is true for those low percentage 

importers. This is an example of a backward linkage. 

ISee Narendra Sharma, Ope cit. 
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In Table IV -4, an application of these export multipliers is shown. 

A 1980 150/0 increase, in the level of final demand for ten sectors is 

shown with the resulting total output change due to the multiplier effect. 

This is a somewhat arbitrary increase across the board for the ten 

base sectors, but it reflects an anticipated slow growth rate for a lag-

ging econotny. Criteria for choosing these nine was the level of export 

sales. A basic sector in this model contributed 40 percent or more df 

its gross sales to either direct or indirect exports. The increase in 

sales will be used later to project effluent loading,s. 

According to a recent agriculture industry study, the following is 

expected to happen to the four agricultural producing sectors: 

The level of vegetable processing is expected to con­
tinue until 1980 at the current position. This is the result 
of declining acreages for tomatoes and sweet potatoes, 
although inc reases are expected in cucumber and snap 
bean production. 1 

Broiler production is expected to move southward 
on the Delmarva Peninsula because of the recent location 
there of a second poultry processing plant. The major 
impact is expected in the agri- business rather than the 
farm production sector, however, 2 

Ornamental horticulture and greenhouse flower crops 
have experienced a steady growth in recent years although 

IDavid E. Kenyon, et al., The Role of Agriculture-Agribusiness 
in the Economic Development of Virginia's Eastern Shore, Department 
of Agricultural Economics, Virginia Polytechnic Institute and State 
University, 1971, p. 128. 

2 Ib id., p. 6 1. 
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Table IV-4 

Estimated Changes in the Eastern Shorers Total Output Resulting fro:m 
a Projected 150/0 Change in Final De:mand by Selected (Base) Sectors}..1 

Initial Change Total Change 
Sector in Output in Output 

($000 's) ($000 IS) 

Li vestock &: Poultry 128 390.535 
Fruits &: Vegetables 480.3 1,346.366 
Field Crops 1,565.4 4, 114. 677 
Misc. Agriculture 171 529.082 
Fisheries 227.85 598.838 
Ag. Food Processing 11,573.25 22,660.354 
Seafood Processing 606.9 1,975.489 
Misc. Man 3,326.7 6,243.55 
Hotels &: Motels 276.6 777.457 
Bars &: Restaurants 85.65 208.003 

11 Calculated by .multiplying 1971 sector final de:mand (exports only) 
ti:mes 1. 15 and then multiplying that figure by the appropriate 
export :multiplier. The initial change reflects the first round of 
an increase in de:mand, while the total change is the sum of the 
effects through the :multiplier process. 
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the former has slowed down slightly. Environmental 
conditions are ideal on the Eastern Shore for this 
crop production; plus, :market conditions are favor­
able for continued growth. 1 

The fisheries are expected to remain fairly stable although a poten­

tial exists for their revitalization. 2 Numerous problems such as MSX 

disease of oysters, variable yields of blue crab and increased competi-

tion frotn pollution and pesticide runoff beset the industry. The surf 

clam industry segtnent is expected to grow, however. 3 

Expansion in seafood proces sing will occ'ur only with additional 

processing stages. Currently, the value-added to the raw product is 

confined to shucking the shellfish and containerizing it. There are 

plans to build a further-processing plant for surf clams but details are 

not available at present. 4 

Opportunities for expansion in the :miscellaneous manufacturing 

sector are mainly conjecture at present. The growth of recreational 

boatingtnay stitnulate the boat building and repair segment. Also, the 

concrete and glass products sector may benefit from the steady increase 

lIbid., p. 61-67. 

2 
V. G. Burrell, Jr~,· M. Castagna, and R. K. Dias, A Study of 

the Com.tnercial and Recreational Fisheries of the Eastern Shore of 
Virginia, AccoITlack and Northampton Counties, Special Report in 
Applied Marine Science and Ocean Engineering No. 20, Virginia Insti­
tute of Marine Science, Gloucester Point, 1972, p. 150. 

3Ibid., p. 89. 

4Conversation with manager of Jack August Packing Corporation, 
Wachapreague, Virginia, December, 1971. 
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in lagoon housing construction and second home development generally. 

If oil well drilling is allowed on the Outer Continental Shelf, the economy 

may expect the formation of new sectors supporting it. 

For the two recreation-oriented sectors in the model, lodging and 

eating places, the 15 percent growth by 1980 postulated above is prob-

ably conservative. At least one study has projected over a 500/0 increase 

in demand for overnight facilities by 1980. I Although recreation is the 

best candidate for strong future growth because of the largely unspoiled 

natural beauty on the Eastern Shore, the base 'for the expansion is still 

small. Hence, while tourism increases will generate additional econo-

mic activity, the total impacts will be s.maller than the agricultural 

food processing sector which will probably grow at a smaller rate. 

The previous discussion has been quite cautious in discussing 

growth in this economy, hence the 15 percent growth rate for the nine 

year period encompassed. This could be changed if a number of newer 

diverse industries established there as the Spindletop study suggests 

is possible. 2 This impact analysis will be a most likely projection 

gi ven the scarcity of project data. 

lSpindletop Research, Tourism and Institutional Potentials, 
Virginia Eastern Shore, Lexington, Kentucky, 1971, pp. 91-102. 

2Ibid., pp. 91-102. 
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Changes in gross regional product can also be expected to change 

employment levels. U sing the linear homogeneity assumption, changes 

in final demand will result in proportionate employment increases or 

decreases. These changes can be measured by employment multipliers 

which demonstrate the effect on the economy of a one-man year change 

in an endogenous sector. 

Caution should be exercised in utilizing input-output analysis since 

the linear homogeneous assumption does not hold completely when 

dealing with capital - intensive industries. Technological change intro­

duced in sectors here-to-fore labor intensive will result in increasing 

capital-output ratios and declining labor output ratios. Agriculture is 

a prime example of this. On the Eastern Shore of Virginia, "mechani­

zation of harvest has reduced seasonal labor requirements significantly 

over the last 10 years. ,,1 In fact, assuming partial mechanization by 

1980, the projected regularly hired and seasonally hired workers 

results in a 24 percent decline from the 1970 figure. 2 

The tools used reduce to two problems. Not only might there be 

over-estimation in capital intensive industries, but polar opposite 

errors in industries undergoing rapid technological change. This latter 

problem is a possibility in the seafood processing sector where 

IDavid E. Kenyon, et aI., pp. 72-78. 

2Ibid., p. 78. 
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researchers are attempting to develop a mechanized oyster shucking 

machine which will replace a labor intensive process. 

The employment multipliers are calculated using the following 

procedure. Just as regional output changes are classified into direct 

and total effects, so can employment changes. A technical coefficient 

of labor usage per 1000 dollars of output is calculated by dividing the 

labor usage in a sector by the sector's gross regional product obtained 

fro.m Appendix Table 1-1. This value is known as a direct employment 

chan·ge coefficient. Next a total change coefficient is calculated by 

multiplying the direct coefficients times the column cells of the econo­

mic sector under specific investigation (from Appendix Table I-I) and 

summing over all cells. In this calculation, households are considered 

endogenous just as in the rest of the model's manipulation. By dividing 

the total coefficient by the direct coefficient, an employment multiplier 

is obtained. It is essentially the ratio of direct and indirect employ­

ment changes to direct employment changes. Table IV -5 details the 

results of these calculations. Note that only multipliers for export 

base sectors were calculated, since future econo.mic changes are 

expected to originate from outside of the region as discussed earlier. 

As an example, a one man-year labor equivalent in agri-food proces­

sing can be expected to generate 1. 82 total units of employment 

throughout the economy. 



Sector 

1 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
18 
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Table IV-S Export-Base Sector E"mp1oyment Multipliers 

Employment l! 

4700 

177 
2286 

500 
653 
311 
379 
161" 

labor 
Output 
Ratio 2/ 

.1437 

.0773 

.0292 

.1207 

.0294 

.1377 

.0682 

.0585 

Direct, 
Indirect, 
Induced 

Employment 
Change 1I 

.200043 

. 118987 

.053378 
• 185272 
.054264 
.224857 
.119596 
.102396 

Multiplier 11 . 

1.392087 

1.539288 
1.82<3013 
1.534979 
1.845714 
1.632948 
1.753607 
1.7S0358 

11 Virginia Employment Commission, Division of Research Statistics and 
Information, Richmond, Virginia 

fI Labor usage in sector i divided by gross regional product in 
sector i 

~ Direct labor 'Coefficient (Labor/Output Ratio) multiplied by each 
ce1' of a column; then summing over all cells. This is the Total 
Effect Coefficient. 

~ Total Effect Coefficient divided by the Direct Labor Coefficient 
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Using a 15 percent gross regional output change in the export base 

sectors, the resulting employment changes using the employm.ent multi­

pliers are detailed in Table IV -6. Both the employment changes and 

the output changes will be discussed in further individual sector detail 

after the effluent projects are developed below. 

Effluent projects can then be made on the basis of the projected 

output increases by applying the direct and indirect environm.enta1 usage 

coefficients per exogenous demand dollar to them. This is represented 

in Table IV -7 for selected environmental usage sectors. The table 

also places these effluent loadings in the context of economic indicators 

for the export base sector. The projections are made with the as sump­

tion that the effluent changes are proportionate to the final dem.and 

changes which is essentially an extension of the linearity asswnption 

of the input-output m.odel. More specifically, the production, effluent 

generation and waste treatment technology will not differ in 1980 from 

1971 in this regional economy. Also, purchasing patterns are assumed 

to remain in the same in 1980 as in 1971. All of the selected sectors 

experienced a 150/0 growth except for the two recreation-oriented ones, 

both of which will be detailed below. 

As to be expected, the food processing sectors dom.inate the 

effluent generated by all sectors. Fruits and vegetables, field crops 

and agri-food processing have the heaviest water usage. Besides the 

food processing sectors the only other relatively larger effluent 



Sector 

1-5 

6 

7 

8 

9 

12 

13 

18 
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Table IV-6 

Employment Changes Resulting from 15% Gross Output Change 
for Selected Base Sectors 

Direct Changea Total Changeb 

369.68 514.63 

17.71 27.26 

337.94 617.76 

71.61 109.92 

97.80 180.51 

38.09 62.20 

21.64 37.95 

5.01 8.77 

aOirect employment coefficient times percentage change in sector output. 

bOirect employment change times emp1oyment-multiplier. 



Economic Sector 

l. Livestock & Poultry 

2. Fruits & Vegetables 

3. Field Crops 

4. Misc. Agriculture 

5. Fisheries 

7. Agri-Food Processing 

8. Seafood Processing 

9. Misc. Manufacturing 

12. Lodging 

13. Construction 

18 • Restaurants 

Table IV-7 

Summary of Economic-Environmental 
Changes Given an Increase in 

Selected Final Demands 

Gross Sales Changes 
\doTl ars) 

Direct Total % BaseY Direct 

. 128.000 390,535 O. 1 1 · 480,300 1,346.366 1.0 

1,565,400 4.114.677 . 2.9 J369.68 
171,000 529,082 0.2 

227,850 598,838 0.2 

. 11 ,573,250 22,660,354 16.5 337.94 

, 606.900 1,975,489 1.4 71.61 

3,326,700 6,243,550 4.5 97.80 

1,187,784 3.373,306 2.5 167.94 

85,650 208,003 0.1 .21.64 

1,166,877 2,823,842 2.1 68.47 

Employment Changes 
~man/year ) 

_ ..... -

Total % Base 

..... 
VJ 

514.63 2.6 
N 

617.76 3.l 

109.92 0.6 

180.51 0.9 

274.25 1.4 

37.95 0.2 

119.82 0.6 



Table IV -7 (continued) 

Selected Environmental US(~ge Sector Total Changes 

Economic Sector Sus.' Solids % Base Nitrate 

1 

2 

3 

4 

5 

7 

8 

9 

12 

,13 

18 

(lbs.) (lbs.) 

1,978 

7,743 

23,861 

3t 174 

3,495 

114,112 

40 t 832 

29,645 

20,101 

4,781 

15,204 

O. 1 

0.3 

1.0 

0.1 

0.1 

5.0 

2.0 

1.5 

1.0 

0.2 

0.8 

11,689 

73 

463 

3 

439 

% BaS2 

14.6 

0.6 

0.6 

Armonia % ease Phosphorus % Base 
.(lbs .• ) . ~_Jl~LJ __ ~ ______ _ 

44,326 14.8 

522 0.2 

43 

178 

6 

170 

84,038 

288 

841 

135 

116 

464.087 

2,009 

904 

3,179 

159 

2.007 

18.9 

0.2 

104.5 

0.5 

0.7 

0.5 

'y All sectors except the t\"O recreation service (12. and 18.) sectors experience a 15% increase in export final 
demand. Lodging experiences a 54.5% increase (per the Spind1etop study projection). while the Restaurant 
sector only experiences a 41.5% increase (75% of the Lodging levels since some tourists will prepare their own 
meals). Constant 1971 dollars are used. 

Y Base. is total sales or employment in a specific sector or total usa~e/effluent in aspecffic environmental 
sector .' 

..... 
w 
w 



Table IV -7 (continued) 

Selected Environmental Us~qe Sector Changes 

Economic Sector San. Water . % Base Process Water % rase B.O.D, % Base C.O.D. % Base 
(qals.) (gals.) (1 bs. } (lbs. L 

l' 1,314,904 0.1 589,323 0.1 94 19 

2 5,072,649 0.3 51,634,267 2.0 358 75 

3 15.602,999 1.2 96,112,429 3.6 1,098 0.1 224 ..... 
VJ 
~ 

4 2,095,624 0.2 3,138,021 0.1 154 35 

5 2,283,880 0.2 243,984 0.1 191 39 

7 63,786,778 4.7 230 10 127,132 8.7 98,373 4.4 ll9,899 13.4 

8 6,773,720 0.4 4,173,949 0.1 1,008 13,206 1.5 

9 19,825,111 1.2 6 t 119 ,840 0.1 . 1.350 256· .:. 
, 

12 27,182,869 2.0 3,496.235 0~1 1.223 619 0.1 

13 3,215,947 0.2 349,714 0.1 219 44 

18 15,443,638 1.0 3.043,627 0.1 1,053 581 0.1 
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generating sectors are field crops and restaurants. Their contribution 

to suspended solids production is significantly more than the other 

seven. In fact, only food processing has large b. o. d., c. o. d., sus­

pended solids, organic nitrogen, nitrate, ammonia, total phosphorus, 

sulfate and total organic loadings. The othe r nine, except for sus­

pend~d solids in field crops and restaurants, experience small loadings 

even where aggregated. 

This situation creates a problem for further analysis of an optimum 

mix of industry, from an environmental usage criterion, in a slowly 

developing rural area. When one or two industries dorninate, effluent 

optimization appears to have less of a use since growth will only occur 

with 'expansion in those industries. Currently, the food processing, 

industries contributes only 400/0. The latter consists of lodging inclu­

ding c a.mpg rounds, res taurants, marina acti vi ty, and othe r s aU wate r 

recreation. The latter also contributes an insignificant arnount of 

effluent to the Eastern Shore estuaries while the food processing sec­

tors contribute a major portion as shown in Table IV - 3. 

The waste treatment these sectors use will becom.e a critical 

regional problem when the effluent load rises to the point that the waste 

assimilative capacity of the Bayside and Seaside waters is breached. 

Even before that, water contact sports, sport and cornrnercial fish­

eries may be curtailed. As rnentioned in the ecology theory section, 

one study has suggested that b. o. d. loadings of 15 lb. /acre/day 
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can reduce the oxygen level in estuaries by 50%. Given there are 

about 196,000 acres of estuarine wetlands, the annual b. o. d. load 

would have to be 1,073,100,000 pounds/day to reach this critical 

limit. The figures developed from Tables IV - 3 and IV -4 show this 

loading limit to be safely out of reach of current and projected pro-

duction. However, localized problems have arisen already in some 

areas around single outfalls, non-point sources, and concentrations 

of outfalls. According to the Virginia Department of Shellfish Sani-

tation, 5, 154 acres of shellfish beds have been closed at eight sites 

about the perimeter of the Eastern Shore. 1 This is out of 81,215 

acres of shellfish grounds. The reasons for the condemnations are 

listed below: 

Raw sewage discharged into Cape Charles Harbor 
High bacteria counts from land runoff-towns of Exmore, 

Painter, Belle Haven 
Sewage treatment plant for Onancock 

. Boating activity 
Temperanceville Holly Far.ms Chicken Packing Plant 
Maryland industrial sources 
Malfunctioning septic tank drainfields, population 

concentrations 
Shellfish processing plants 
Sewage treatment facilities serving Wallops Island 

Station, No A. So A. 

ITelephone conversation with Mr. Steven Shaw, Virginia Bureau 
of Shellfish Sanitation, December 10, 1973. 
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The detailed reasons are available from the Virginia Division of 

Water ResQurces River Basin Planning. 1 All of the areas cited, even 

if the existing sewage treatment facilities are deemed adequate, are 

thought to be non-recoverable. In many cases, the condemnation was 

effected purely as a buffer zone for treatment site outfalls ••.. even if 

recovery is a very distant long range possibility. 

Other water resource problems discus sed in the report include 

the following: 

The farming operations of Accomack and Northampton 
Counties have been traced as the sources of pesticides and 
insecticides which were the cause of occasional fish kills 
and crab kills. Even those shellfish not affected nortally 
were banned from the market. 

During periods of low water flow, nutrient buildup can 
result from the large quantities of fertilizer used in the 
extensive farming operations here. This nutrient buildup 
will eventually result in euthrophication problems. 

The rapid development of the northern areas of the 
Eastern Shore for recreation is also being closely watched. 
Motels and campgrounds have been using septic disposal 
while the .marinas risk placing boat and human waste into 
the water. 

Finally, ground water supplies are being watched 
closely for conta.mination. Polluted ground waters recover 
more slowly and in some cases the condition may be irre­
versible. Although not a problem yet, the relatively high 
nitrate content in water samples taken at Parksley indicate 
that some surface pollutants have entered the ground water 
in that area. 2 

1 
Division of Water Resources, Small Coastal River Basins and 

Chesapeake Bay. Volumes I-IV, Virginia Department of Conservation 
and Economic Development, Richmond, 1972. 

2Ibid., IV, pp. 3- 5. 



138 

Although still of relative good quality, the estuarine waters about the 

Eastern Shore do have localized water quality problems with a num.ber 

of potential problems in the future. Many of the currently condemned 

areas can be traced to agri-food and seafood processing. Population 

concentrations ~ even for seasonal terms, will result in trade -offs in 

water quality; (wetland quality) for higher private monetary gain. Even 

a rather undeveloped area such as this has these implicit social trade-

ofis to consider. 

Linear Programm.ing Results 

Using a linear programming formulation, the social efficiency 

criteria wer e used to allocate a bundle of preservation activities and 

various alteration activities. Table IV ... 8 demonstrates the basic model 

design using an objective function reflecting pres ervation and alteration 

activities. The only inputs considered were three ecological grades of 

wetlands. 

The following ;tbbr (. 'vldtions will be used to describe the model's 

schematic: 

(GRSP) is the gross regional social product. 

(PRESV) is the set of preservation services, which includes com­
mercial fishing, salt water recreation, wild fowling and for all 
but HEPMS, erosion control. 

(MARIN) is the marina activity of altered marshland. 

(LAGHS) is the lagoon housing activity for altered marshland. 



GRSP 
fo\al( ~ (Z) • 

'1410 tax 

H(PMS 
55.750.!. 

"[PHS 
13,257 !:. 

LEPI·IS 
1.669 !. 

HEPHD 
11.894 !. 

MEPHB 
7,472 !. 

LEPH8 
2.371 !. 

Table IV-8 

Schema t Ie of Linear Programming Formula f',ion for 
TLIDl ~{arsh j\llocation Ea8terr~ Shore of Virginia 

'''<';_~~~_V _~~~"A_""""'~~('Iw·~_"~_."""""' __ . __ . __ ...-v> 

-----~-------------

Seaside Gayside 

PRESV LAGHS PRESV MARIN LAGHS PRESV ~IAR IN LAGIIS PR[SV LAGHS PRESV HARIN lA(iHS 
alX1 a5XS a6X6 a9X9 al0Xl0 allXll a14X14 alSX15 a31X31 a3505 a36X36 a39X39 a40X40 

784 1290 797 779 1290 485 779 ri90 947 1290 789 779 1290 

1 1 

1 1 1 

PRESV M)\RIN LACIIS 
a41X41 a42X42 a45X45 

477 779 1290 

t~ 
...0 

1 1 
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(LAGMA) is the central marina activity of near waterfront cluster 
housing for altered marshland. 

(HEPMS) is the high ecological priority available salt marsh 
acreage constraint, Seaside. 

(HEPMB) is the high ecological priority available salt marsh 
acreage constraint, Bayside. 

(MEPMS) is the medium ecological priority available salt marsh 
acreage constraint, Seaside. 

(MEPMB) is the medium ecological priority available salt marsh 
acreage constraint, Bayside. 

(LEPMS) is the low ecological priority available salt marsh 
acreage constraint, Seaside. 

(LEPMB) is the low ecological priority available salt marsh 
acreage constraint, Bayside. 

(TAX) is the development tax assessed on lagoon housing alteration 
activity. 

Constraints on labor supply availability and public service supply 

were not incorporated into the model because of data problems. 

Specifically, an accurate assessment of imported laborers from neigh-

boring regions was not possible. This would critically affect an assump-

tion of a finite labor supply. Even more important would be the region's 

capacity for public service provision. Although the two counties within 

the region do cooperate to SOIne extent through their Planning District 

No. ZZ, the provision of community services is still an independent 

endeavor by the counties and towns. The only major exception to that 
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independence is the planning for a regional waste treatment facility. 1 

To prepare constraints on public service supply would have required 

a major sub study on the quality and mix of the public services cur-

rent! y provided and the interm.ediate term expansion potential. Since 

the intent of the model is to demonstrate the feasibility of using ecologic 

and economic theory in combination as land use and development 

planning tools, the major additional work was deemed inappropriate 

for this study. 

Without running the model, that is, by rn.erely eye-balling the 

objective function, it was obvious the rn.aximum gros s regional social 

product would be attained by altering all the tidal rn.arsh (only for 

lagoon housing) for conversion to fast land uses. This conclusion 

exists in spite of valuing sorn.e of the public good and non-market 

services of the wetlands. However, at least three preservation ser-

vices were no.t valued: waste assirn.ilative capacity, sedimentation 

control and aquifer protection. Without considering the appropriation 

problems of those already valued societal services, so.me device was 

necessary to incorporate at least a proxy measure of those three 

other societal values. The device ern.ployed was a development tax 

applied on the sale price of a wetland destined for alteration. 

lprivate conversation with Mr. George Podelco, Director, Plan­
ning District No. 22, Accomack, Virginia, October, 1972. 
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The development tax scheme is one way of coping with these un-

known environmental costs. Knetch has proposed just a one time fee 

for development rights. 1 His proposal essentially would make develop-

ment more difficult by decreasing the competitive advantage of alter-

ation over preservation. The market still might allow too much 

development if irreversibility costs were not accounted for. 2 

Another approach, using the same basic idea, has been advocated 

by Gostonis. 3 He advocates the formation of environmental-sensitive 

districts and providing for the sale of development rights fro.m one 

type of land to another. The concept essentially "breaks the linkage 

between particular land and its development potential by permitting 

the transfer of that potential, or development rights, to land where 

greater density will not be objectionable. ,,4 

This study is not designed to evaluate a specific mechanical form 

of this institution. Rather, the general concept I s effect on land use 

and gross output changes a.mong various sectors is the interest here. 

lKnetch, Ope cit., p. 91.. 

2 
William Ward, "Response to Knetch, If Goastal Zone Management, 

ed. by James C. Hite and James M. Stepp, Praeger Publishing Company. 
New York, 1971, p. 95. 

3 John J. Gostonis, "Development Rights Transfer: An Exploratory 
Essay, II Yale Law Journal, 83, 75, 1975, pp. 75-128. 

4Ibid., pp. 83-84. 
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Table IV - 9 details a linear programming formulation employing 

a tax schema which nets out a tax on the annual rental value of speci­

fic alteration activities. Thus, the tax represents a foregone social 

opportunity cost, the total value of which is netted out of the gross 

regional social product. The tax is only applied to the lagoon housing 

activity since it is the most damaging from an environmental sense. 

It also does not require a siting on the water"s edge. Marinas, on the 

other hand, need the water's edge siting; hence they are not taxed. 

In the first analysis (eyeballing the model), it was apparent that 

not only would alteration uses dominate the solution, but that lagoon 

housing would be the only alteration activity. Of course, the simpli­

city of the model was a major contributor to that. In order to provide 

for a realistic approach plus consider another policy alternative, a 

special modification was inserted into the model. With the following 

runs, every time the model chooses one acre for lagoon housing, .089 

acres of tidal marsh enter the solution as a fraction of a .marina. The 

assumption is that the boating services demand can be met as well 

with a marina serving a waterfront housing cluster, thus utilizing 

less of the wetland resource. The lagoon housing coefficient should 

thus be interpreted as an aggregated package of individual water 

housing sites with boat access and near-waterfront housing clusters. 

The siting of marinas at the water's edge is a prerequisite for 

the provision of boating/recreation activities. Marina usage is a very 
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Table IV - 9 

Schematic of Modified Linear Programming Formulation 
for Tidal Marsh Allocation.Eastern Shore of Virginia 

Seaside 
PRfSV tlARltl IN,IIS TAX t.AC;w. PRESV HAMill I.).GIIS TAX ur.w. PItES\' LAGIIS I.).c:w. PRf.SV 
,t.>X6 ,9X'} alOHO r2T2 -aXil ,12X11 .14n~ a15XIS tlTl .16X16 • }txll .)I.X 14 alSxn .1(,X)b 
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-I 

1 
-1 
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efficient way to provide boating/fishing recreation access to the water, 

hence, its use of altered wetlands is not taxed in the Inodel.. 

Inserting a tax in the .model essentially Ineant paraInetricirig the 

objective function. Starting with a zero tax the Inodel initially was 

allowed to assess the effects of an across the board tax. The optiInllIn 

solution for the objective function was at a tax of $512 an acre. At 

this tax level, all of the taxable alteration activity goes out of solution. 

Figure IV -10 details the allocative distribution of the various uses. 

Based on the goal of maximizing gross regional social product Ininus a 

development tax, the solution indicates that high and Inedium ecological 

priority (HEP and MEP) .marshland should be maintained in a preserved 

state while low ecological priority marshland should be developed. In 

this case a non-taxed activity (Inarinas) represented the sole alteration 

use. 

The initial solution (without any alteration) was a gross regional 

social product of $76, 500,000 per annUIn. The optimal solution has a 

GRSP of $76" 867" 000. Figure IV-II details the new complexion of 

regional natural resource values which the social efficiency criteria 

has allowed. Note that the total value of Virginia fisheries has dec­

lined by $3,092, 000. Of course, som.e of the recretaion and hunting 

values have been replaced by others provided by the Inarina site 

service. The bulkheading of the Inarinas replaces the natural service 
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Table IV -10 

Optimal Linear Program.ming Allocation of 
Wetland Activities with a Development Tax 

Activity 1/ Marshland Used and Type !! 

~ 

Xl PRESV 55,749 (HEPMS) 
X4 
T1 
XS 
X6 PRESV 13,257 (MEPMS) 
X9 
XlO 
T2 
XII 
X12 
Xl4 MARIN 7,668 (LEPMS) 
XIS 
T3 
X16 
X31 PRESV 11,894 (HEPMB) 
X34 
X35 
X36 PRESV 7,472 (MEPMB) 
X39 
X40 
X41 
X42 
X43 MARIN 2,371 (LEPMB) 
X45 
X46 

Input Cost 

Dollars 

784 
1,290 

512 
69 

797 
779 

1,290 
512 

69 
485 
779 

1,290 
512 

69 
947 

1,290 
69 

789 
779 

1,290 
69 

478 
779 

1,290 

11 HEPMS/B is High Ecological Priority Marsh Seaside or Bayside. 
MEPMS/B is Medium Ecological Priority Marsh Seaside or Bayside. 
LEPMS/B is Low Ecological Priority Marsh Seaside or Bayside. 

!I PRESV is Preservation services usage of the site. 
MARIN is Marina usage of the site. 



Table IV-II Complexion of Gross Regional Social Product of Virginian E~stern Shore 
Wetland Services 1/ 

Preservation Service (Components) 

Tidal Wetland/Location Marina Lagoon 
f Total 

Erosion Housing 
Fisheries Recreation Fowling Control 

Dollars 

HEPM 42,814,470 566,384 141,604 143,522,458 

MEPM Seaside 8,176,652 134,691 33,673 2,257,402 r 10,602,418 

LEPM 5,974,151 5,974,151 

HEPM 9,133,586 120,833 37,823 1,937,533 11,229,775 

MEPM Bayside 2,304,290 151,054 18,979 1,217,189 3,691,512 

LEPM 1,847,009 1,847,009 

Total 62,428,998 972,962 232,079 5,412,124 7,821,160 76,867,323 

1/ Calculated by multiplying the objective function activity coefficient times the number of acres 
used for that service. 

..... 
~ 
-J 
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of erosion control. Additional implications of this allocation will be 

presented after the following discussion of a graduated tax schedule. 

Another linear programming formulation, exactly similar to that 

presented in Table IV-9, was run with a different tax schedule. In­

stead of a straight across the board tax schedule as used earlier, a 

graduated schedule, reflecting a higher tax rate on the more socially 

(ecologicall y) valuable wetlands, was utilized. 

For de:rnonstration purposes, a tax schedule relationship of 1.5, 

1. 3, and 1 for every base incremental change in the tax was used. 

This schedule taxed development in higher ecologically valued wetland 

areas at a 500/0 greater rate than the lowest valued group of wetlands. 

Similarly, the medium-priority wetlands were taxed at a 300/0 higher 

rate than the lower priority group. 

The results of this second development tax run also reveal $512 

as the critical value, or to reinterpret, the value of social services 

foregone must be at least $512 on the LEP marsh before an optimum 

solution is reached. Once again, 10,039 acres is developed as an 

ecologically and economically acceptable use of the coastal zone. 

The solution reflects the highest and best use of the region rs resources 

according to a social efficiency criteria. It is ,of course, incumbent 

to state that with other constraints in a .more sophisticated model, the 

development/preservation mix would be different. For example, the 

marinas would provide an alternative to natural erosion control through 
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bulkheading; different higher valued forms of water recreation would 

be provided; however, the lost waste treatment capacity would need to 

be replaced as would the sedimentation control. 

As for the tax schedule itself, only the $512 was the critical value. 

As the tax schedule search was conducted, however, a number of mile­

posts were important. When the tax on the HEP marsh reached 

$340/acre, the bayside marsh passed into the preservation activity. 

The other two components of the schedule were $312 and $240 p~~,acre. 

At the schedule, rate of $555, $481., and $370 per ,acr~;""the ~ea.f$idleJHEP 

marsh passed into, the preservatipn ~Gtivity m.ode •. 1l'he;,medium'\~ico;,~ 

logical pJ;'ioritYI marsh did not gP ~nto, the prese,rvation t~¢ti.vitYiunti}). 

the tax schedule was $507 and $399 p~r acre reppec;~iv~ly. I \NQ1~eltbjLt 

REP marsh tax was ignored there since no HEP marsh can be altered 

given~ the tax r~~es cited prev~o~sfly'l;' IT.he HEI?, m,a1i'slb,:i~;;alt'~a~y:,in'i! 

the pres er.va:ti<;>n activity mode .. ;, v.;:, I I I I' I ; t I I I) ell ,,' " tin 1; c I : '-J I t 

Of cQur~et Ith~ model only .cQn,~id~;t1s the n~h'+lllp~-'r')tW:HEPin~~·l.i 

or LEP by ~ay, pr seaside loca~ipIJ,~s l ~nt~ring; t,he, different activities. 

A more realistic approach would have been to allow smaller units of 

the various grades into solution at a time, thus allowing for a gradual 

increase in the tax to reflect an increasing scarcity value. 

Based on this attempt at social valuation of mispriced wetland 

services plus their allocation with alteration services, the following 

may be concluded: 
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1. Ecological valuing of natural resource systems (once the 

natural relationships are understood) is a credible way of 

providing a basis for a social efficiency criteria when 

economic values cannot be directly revealed from the 

market (in public goods case). 

2. Even when a valuation of non-market or underpriced market 

services is made, the private market valuation of alteration 

services may still be superior. Even while ignoring at least 

three vital preservation services, a quasi-market planning 

mechanis.m would allocate all wetlands to alteration services 

under this arrangement (according to just social efficiency). 

Inclusion of other community goals would obviously modify 

the solution. 

3. Some type of tax (a development tax) might be used to partially 

account for these other values; at least until better estimation 

of the biological, chemical and geological processes involved 

is made to fully account for those values. 



CHAPTER V 

CONCLUSIONS AND IMPLICATIONS 

According to Douglass North, "A theory of regional economic 

growth should clearly focus on the critical factors that implement or 

impede development. III Although this study is not quite so brash as to 

suggest a theory of regional econo.mic growth, it does identify potential 

limiting environmental factors for coastal zone economic development. 

The potential limiting environmental factors are the wetlands, speci­

fically tidal marshes, which are critical eco-subsystems of estuaries. 

This chapter will consider these points as it presents the study results 

in a policy context. A critique of the methodology will then be pre­

sentedfollowed by suggestions for future paths of research. 

Empirical Work 

Per the first specific goal of this study (as stated in Chapter I), 

an existing specific regional input-output model was modified to fit the 

requirements of an economic -environmental investigation. A matrix 

of environmental use coefficients was constructed and mated with the 

Leontief inverse matrix of the econo,my.. This new matrix details both 

1 
North, op. cit., p. 242. 
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direct and indirect environmental usage for each economic sector. 

This is the same total effect as the Leontief inverse demonstrates for 

the money economy. 

The experimental manipulation of the model demonstrated once 

again what at least two other similar studies have previously shown: 

(1) since economic linkages occur, the environmental good using 

characteristic of an econo.my cannot be fully described by simple 

technical coefficients; rather a total effect (direct and indirect) must 

be considered, (2) that the indirect effects are often larger than the 

direct effects, (3) indirect effects sometime occur far removed from 

where the initial demand was placed on the system, (4) the linkages 

between sectors are both forward and backward types, and (5) just as 

in the Leontief inverse, there is an entry in every cell of the environ­

mental-economic matrix. 

After considering these characteristics of the ,model, its use as a 

planning tool was demonstrated. Environmental sales multipliers, 

demonstrating trade-offs between effluent generation and increased 

demand, plus the usual sales and employment multipliers, were all 

used to place 1980 estimates of demand in perspective. 

Since the input-output analysis considers only one aspect of wet­

land alteration, another technique, as indicated in the goals of the 

study, was needed to assess the economic impact of complete, irre­

versible alteration. A simple linear programming model was 
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constructed and used as a quasi-market si.mulation mechanism for 

the investigation of land use allocation and the effects of a develop­

ment tax on wetland alteration. 

The only restraints on the model were three quality types of tidal 

marshland. The qualitative differences were determined by an eco­

logical valuing procedure which established low, medium, and high 

grades for the marshland to preservation and alteration activities. 

The preservation activities, because of mechanical double-counting 

reasons, were aggregated into one preservation activity. The location 

of the wetland type in question (seaside or bayside) determined the mix­

ture of services provided. The preservation services included com­

lTIercial and sport fisheries, fowling and erosion control. Other ser­

vices which could not be valued because of data problems include 

sedilTIentation control, flood control, waste treatment and aesthetic 

services. The alteration activities used were lagoon housing and 

marinas, These are the only ,major alteration uses at present on the 

Eastern Shore. 

Given an implicit rule of developing ecologically less valuable 

wetlands first, wetland allocation and development scenarios with and 

without tax schedules were investigated. Although crude in the empiri­

cal ilTIplementation, the concept of envirorunental valuing criteria for 

regional economic planning was delTIonstrated with modest success. 
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Implications 

Based on the research presented above, a number of public policy 

implications can be drawn out of the results of not only the analyses, 

but also of the model construction and data development. Once again 

reliance will be placed on the social efficiency criteria for this 

analysis, but distributive effects and the appropriability of market 

and non-market values will also be considered. The former, although 

a convenient concept for quick analysis, cannot be divorced from the 

latter two in a final policy analysis. However, the initial analysis 

below will consider each issue separately. 

The results of the input-output ,model demonstrate the usage of 

natural resources both as inputs and outputs in the regional economic 

process. Although the input usage is a critical issue, the waste out­

puts of the regional econo:my is a :more critical is sue since the volume 

and composition of that flow can be expected to affect the quality of 

the estuarine waste assi:milative capacity. Although the input-output 

technique utilized in this study enables the economic planner to gain 

a "quick" picture of the regional development I environmental usage 

options, the short cut e:mpirical technique ignores the qualitative 

effects, especially in the long run, of a continuous and increasing 

effluent load. In a complete assessment of the environ:mental impacts 

of econo:mic activity within a region, some estimating procedure is 

needed for considering the effects on the waste assimilative capacity_ 
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Although it is a good exercise for planners to consider sector 

increases in sales, employment, and environmental usage, the input­

output results suggest another important implication. Since large 

differences often exist in the quantity/composition of effluents across 

sectors t opportunities exist for variable effluent criteria to be used 

for achievement of an estuarine water quality goal. Thus, instead of 

requiring an institutionalarrange,ment whereby each firm in a region 

is required to conform to a set of effluent standards, the sources of a 

regionfs effluent load would be the prime target for the more severe 

controls. In essence, social efficiency criteria and marginal analysis 

would suggest that effluents which caused the most damage should 

perhaps be reduced the most. This criteria has applicability not only 

for the total quantity but also for individual co,mponents of the effluent. 

For a rural depressed econo,my, this means that if there are 

just a few sectors dominating total production, then it may be socially 

efficient to treat that effluent from those few sectors ..•• and not 

require treatment of smaller effluent load sectors, or require less 

extensive treatment. 

Current Federal water quality laws do not allow this type of 

approach. The current approach is to require all effluents to conform 

to some standard, irrespective of the total volume and intensity of 
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the effluent producing sector. Current policy also ignores the regional 

1 waste assimilative capacity of the regional water basin system. 

The -results of the linear programming modeling effort strongly 

suggests that even if a social valuation can be placed on the service,s 

01 an open access resource, the following problems remain: (1) The 

development alteration rent of a site in question will still be superior 

to the valuation of the aggregate preservation services. That super-

iority would be acceptable if private costs equaled social costs. (2) 

There will still exist unpriced, but socially useful services from the 

preservation mode. (3) Appropriation or compensation to the wetland 

owner for use of all values (social and unpriced) for a socially efficient 

allocation of preserved and altered uses is still not clearly defined. 

In order to maximize the production of preservation services, a 

tax on development alternatives is required. In Virginia, for the case 

detailed here, to socially account for those other unpriced services, 

a tax of $512 per acre per year is required. In other words, the un-

priced natural services of waste treatment, flood control, sedimenta-

tion control, and fresh water aquifer protection need to be socially 

worth at least $512 per acre per year to being preservation into the 

optimum solution. Capitalized at 6% forever, this tax, if accurately 

reflecting the unpriced values, indicates an $8,500 per acre value. 

IThe Delaware River Com.mission takes a form of the variable 
criteria approach, however. See Kneese and Bowers, Opt cit., p. 235. 
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Figure V -1 is instructive here. Given a fixed allotment of tidal 

marsh, the preservation of each additional unit will add a smaller 

marginal gain to those 'publics' receiving those services. At the same 

time, developers will be incurring larger marginal losses as each pre-

servation unit is added. On the other side, as more development occurs, 

the .marginal gain to developers is diminishing while the marginal loss 

for preservation services rpublics' is increasing. The socially effi-

cient point of alteration and preservation of the wetlands is at E 1 

where the marginal benefit of preservation equals the marginal loss . 

of alteration. 

To the wetland owner who receives very little or any return of 

the social values he provides for keeping his wetland site on natural, 

the relevant opportunity cost is $1,290." .. the return he would receive 

annuall y if he developed it for lagoon housing. 1 F or society I however, 

the marginal return of additional natural acreage converted to develop-

ment would be expected to diminish. 

For preservation services, the figure of $784 represents those 

services which can be socially valued. Assuming that the private 

owner can capture those values, the remaining difference between 

INote that, as explained in Appendix III, this figure is a gross 
return and does not have development costs netted out to yield a true 
economic rent. Although this is a data deficiency problem, it does 
result in a high estimate of the actual return to the developer. The 
implications for public purchase fleas e of the wetland services are 
clear. 
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Figure V-I 

Alteration vs. Pres ervation of Tidal Wetlands 

For Preservation: p'p is Nlarginal Social Benefit for 
preservation, while dd is Marginal Social Loss of 
development. 

For Developrnent: d'd is Marginal Social Benefit f011-

development, while p'p is Marginal Social Loss for 
preservation. 
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that and the alterati on return must be removed (e. g., taxed away) to 

provide an incentive for the private owner to participate in a socially 

efficient wetland usage allocation. Once again a downward sloping (to 

the right in the figure) marginal social benefits curve can be conceived 

of as representing society's marginal benefit fro.m an additional unit 

of wetlands being preserved. The socially efficient point of alteration 

and preservation of the wetlands would be at E 1 where the marginal 

social benefit of preservation equals the marginal social loss of altera­

tion. Thus, social efficiency criteria provides an approximation of 

the highest and best use of the resource. 

The question of appropriation or compensation can now finally be 

appreciated although the problem r s solution remains unanswe red. 

Referring to Figure V-I again, most or all of the values under ppl 

cannot be appropriated by the private owner due to the open access 

problem and the absence of a market. Even if a tax were effected to 

correct/create this .market, it conceivably would only compensate 

(depending on the tax rate) for the unestimated unpriced services. 

The social services previously estimated still cannot be captured by 

the private owner, given current property rights arrangements. If 

these existing property arrangements were changed and a private 

owner could lease or sell his provision of social services of preserved 

wetlands, a quasi-market mechanism would determine a socially 

efficient allocation. How can this be effected? Does the public 
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stand ready to compensate the owner up to the marginal social value 

of preservation? 

The question now becomes how to equitably distribute the benefits 

and costs of this proposal. There are many publics serviced by the 

wetland (in both modes) benefits, not only at the local level, but at the 

regional, state and national levels also. Although seafood production 

has regional life style and income benefits as well as national benefits, 

the location of some type of energy related development in the coastal 

zone will have more i.mportant national than regional benefits (especially 

after local social costs are netted out). The social costs may be con­

centrated more than the benefits thus creating an inequitable burden. 

Although these questions' are much more amenable to political and 

jurisprudence decision-making, the nature of the initial economic 

allocation problem still presents a relevant dilemma: At what level 

of government can externalities be efficient! y accounted for? What 

level of government has the right to initiate an "ecological services 

lease/purchase" program and/or a development tax program? In 

Virginia, although the local communities have broad zoning powers 

and can tax land, the development tax has not been utilized. Further, 

although the 1972 Wetlands Act recognizes the many services the wet­

lands provide, is that a legal mandate for a payment mechanism to 

the private owner of the unappropriated social services? 
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Since the total usage issue has been detailed above as one of 

immensely complex magnitude, at a minimum, the state needs to get 

invol ved. As the case of the Chesapeake Bay estuary demonstrates, 

supra-state involvement is required since political boundaries do not 

constrain the fisheries or waste treatment activity from state to state. 

The .minimum state invol ve.ment allows the usage of state scientific / 

management personnel such as those at the Virginia Institute of Marine 

Science and Virginia Polytechnic Institute and S. U. to inventory all 

the tidal wetlands with a social efficiency criteria. Then, through 

the political/legal processes, a management program of land use can 

be ajudicated. 

This approach is essentially a suggestion for a coastal zone 

management program using economic efficiency as a major criteria 

within the Virginia Wetlands Act of 1972 and the U. S. Coastal Zone 

Management Act of 1972. It is a proposal for a quasi-public, quasi­

private manageITlent effort using regional economic technique. 

The 1972 Virginia Wetlands Statute provides for only a single site 

at a time evaluation approach. Of course, general guidelines for 

"necessary economic development in wetlands of lesser ecological 

significance" are given. The only regional reference is a listing of 

counties and cities in Tidewater J Virginia. 

No comprehensive regional, statewide, or extra-state coastal 

zone planning institution was available until Public Law 92-583 was 
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passed in 1972 by the Congress of the United States. Under the title 

Coastal Zone Management Act of 1972, a national program to manage. 

protect, and develop the land and water resources of the nation's 

coastal zone was set up. It was a key step for coordinating local and 

regional activities as well as national feedback to the sub-federal 

interests. Section 305 (b){6) clearly specifies the former but is ambi-

guous regarding the latter. That may be a crucial institutional problem 

when a national need such as energy development conflicts with local 

needs. 

Section 305(b) does set up a general management framework for 

considering conflicting needs, however. The state management pro-

gram should include the following: 

"(1) an identification of the boundaries of the coastal zone subject 
to the management program; 

(2) a definition of what shall constitute permissible land and 
water uses within the coastal zone which have a direct and 
significant impact on the coastal waters; 

(3) an inventory and designation of areas of particular concern 
within the coastal zone; 

(4) an identification of the means by which the state proposes to 
exert control over the land and water uses referred to in 
paragraph (2) of this subsection, including a listing of rele­
vant constitutional provisions, legislative enactments, regu­
lations and judicial decision; 

(5) broad guidelines on priority of uses in particular areas, 
including specifically those uses of lowest priority; 

(6) a description of the organizational structure proposed to imple­
ment the management program, including the responsibilities 
and interrelationships of local, state, regional and interstate 
agencies in thernanagement process. ,,1 

IPublic Law 92 -583, The Coastal Zone Management Act of 1972. 
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By using social efficiency criteria with a quasi-market model, an 

allocation can be made, although it may not evidence precision due to 

scientific data estimation and valuation difficulties. The severity of 

that imprecision may become very relevant if Coasian transaction 

costs are large or increasing non-linearly with atte.mpted increasing 

precision in regulation. Hence, due to the nature of the wetland bene-

fits J the .marginal costs of estimation for a specific geographic / eco-

logical area may exceed the potential marginal societal benefits. In 

essence, the societal value (benefit) of the standard error of a perfect 

allocation may be s.maller than the value (cost) of the standard error 

of estimating a reasonable range of allocation. The latter suggests a 

second best solution, but as Lipsey and Lancaster suggest that may 

be the closest to a Pareto optimum that is possible. I 

This situation sets the stage for appropriate intervention by coHec-

ti ve choice acti vitie s. This means providing options for institutional 

arrangements for determining the allocation of the resource and the 

distribution of benefits and costs as equitably as possible. 

All of this brings us to a rather curious final conclusion given the 

goals in Chapter I, the econo.mic theory of estuarine resource usage 

in Chapter II as well as that chapter's discussion of the 1972 Wetlands 

Act: that in fact overpreservation may occur if an assessment of the 

lR. G. Lipsey and Kelvin Lancaster, "The General Theory of 
Second Best, tf Review of Economic Studies, XXIV, 1956 -57 J pp. 11-32. 
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comparative costs and benefits of preservation vs. alteration is not 

made. Since the benefits of preservation are not easily amenable even 

to indirect market estimation, the political process has been a cost­

less tool to deal with the preservation issue. In a collective choice 

arena proponents of legislation for preservation are not price restrained 

hence the chance of a socially inefficient land use allocation is as great 

as with the private market syste.m. A strong imperative exists for 

the creation of an easily operational system which brings both social 

and private accounting into that decision-making process. 

Critique and Implications for Future Research 

There are a number of areas of concentration which future research 

should consider. Most of the suggestions are based on weaknesses of 

this research. Of paramount importance is the refinement of physical 

and biological data bases of estuarine ecosystems. This is not just a 

call for further academic oriented research, but a need for support of 

an efficacious coastal zone management program. The effort should 

center on those identifiable services which provide alternatives to 

man-made waste treatment, dredging and flood control. This is 

particularly true of the waste assimilative capacity of the estuaries, 

since it has the potential of being the most valuable unpriced social 

service of the wetlands bordering the estuaries. 
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Research into institutional forms for consistent coastal zone 

manage.ment is required. Mechanisms must be devised for causing 

social and private costs to be taken into account in land use decision­

making. 

Refinement is required of the private values. A net valuation 

should be estimated, not the gross valuation used in this study. Those 

private services which can be appropriated should be identified. 

The analytical techniques require additional work. Resources 

requirements for the environmental matrix need to be included as 

constraints. This means considering both the quantity and quality 

of the stock of natural resources. 

The dynamic requirements of a truly effective economic-environ­

mental input-output model cannot be underscored enough. At a mini­

mum, the effect of the current period's effluent on the stock of natural 

resources and the subsequent impacts in t+l and later periods is 

needed. This could take the form of a fldisjointed" model which pre­

sented the effluent loads and attributes and a static estimation of the 

natural waste assimilative capacity of the target water region. Then 

a comparison could be made of the current or projected loading and 

the capacity at various water quality levels. 

The linear programming model could be improved if a better 

wetland inventory assessment were available. In fact, the VIMS 

marine scientists should have one completed within a few years. 
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Their criteria will be much more extensive than that used here. Model 

design changes to better reflect reality are required. For example, 

the model currently is very insensitive to alteration within a class of 

wetlands. It deals only with a class of wetlands (e. g., MEP marsh) 

so that if that class becomes economically feasible for entry into solu­

tion, the whole class goes into solution. A progra.mming for,mulation 

permitting more combinations in the solution needs to be developed. 

Additional constraints on the model reflecting limitations on public 

service provision and labor supply for construction would probably 

achieve this re -orientation need. 

Finall y, wetlands usage needs to be considered as an integral 

part of land use as well as water use.. However, should wetlands be 

treated conceptually different than other natural resources or should 

they be considered a stock of non-renewable r.esources producing 

renewable services? In any event, the estuarine borders will still 

remain an issue of allocating a scarce resource among valuable 

resources, some of which are not priced in the .market nor easily 

identifiable. 
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APPENDIX I 

Base Tables for Input-Output Analysis 

The base data for the interdependency coefficients .of the Leontief 

inverse discussed in Chapters III and IV is a matrix of the .money 

flows among economic sectors of the Virginian Eastern Shore. This 

is presented in Appendix Table I-a. That money flows matrix is then 

converted into one containing technical coefficients. This is done by 

simply dividing each cell of a column sector by the total production 

of that sector. The resulting m.atrix contains the marginal input 

coefficients discussed in Chapter III. The technical coefficients 

m.atrix of Appendix Table I-b is then formed into the Leontief matrix 

by .matrix algebra subtraction and then inverted. The result is the 

Leontief inverse. 
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Appendix Table I-b 

Matrix of Technical Coefficients for the 
Virginian Eastern Shore Econo~y 
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11 O.11~961 0.014246 0.U7J'J59 a.ounu 0,0 O.lU)96 0.002962 O,OOOU7 O.O:! .... ~t o.t't7en 
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 
13 O.OO(,o!.07 0.001766 0.0>751) O.OOJf.'Zl 0.0 O.OO'.l1:!O O. :111130 D.O)2'l47 O.l'O~H7 O .. l(,O:-~:' 
14 O.(j()St..o.~ 0.0IlJ:'3 O.OoiJ.'.4) O.l"llSll 0.0 0.HorJt13 0.0 0.0 O.t'\t:it>7 0" ~'{r\~'~) 

U O.f,11HJ O~ 0(',(,17 0.O,)~)~9 O.~I! 5')OS O.otll64.. O.1l~89!"2 0,014218 O,O!SSJJ O.OJ(;:-)) 0, t::')! ~~) 
16 0.0.:.)14 O.nOl/.n O.OIl.?t:l6 O.OU(J~·'O . a.olnt. 0.0 (}.O:l'.l11l2 O.O\Jj~·}4 O.i)pI1'>J O. (,))~ ... ':I 
11 O.C~229 O.Oll210') 0.0:,6200 O. OO~)l.O2 O.o011e I 0,0 0.OU2666 0,0 O,(I('31S5 O.'IIi'!~H 

18 0.0 0.0 0,0 0.0, 0,0 0.0 0.0 0.0 0.0 O.b)!)}"? 

19 O,O()1840 0.00:.114 O.OOOllS6 O.OOlOSO O.OOl17J 0.001808 O.OQf)813 0.OOia02 O.O()J50~ G.I'I'I(,j:.t 
20 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.OO2S74 0.0 0,0 
21 0.0::1I396 0.0111697 0.007086 O.OlHU .. O.OO15!!. O.0I>!S16 0.0(12666 O,Ot'C112 0.00;11'04 O.C::'lS7 
22 0.221109 '0.191062 0.399026 O.'H580 O.Z(,S)CI(. O. U!.2'J's O.4H7?1 O.4~]2fjZ O.]1l9~1 O.:;!6:'1_.~ 

• 2) 0.010611 0.001292 0.017212 O.OO!S!l O.Oo2Hf. O.O1.:!176 O.OOttsS O. (lOS~b) O.OI/'S~4 C.lltlH'.:i 
14 Q.(}HI~2 O. (J~C.9f,9 O.OC.13l6 O.O;?1coa 0.0,'.)')/1;' O.OSS:61 0.012441 0.079(12 O.G1Ol!':' O.0)n,~'1 • 
25· 0.4t~~!1~ O.6Lll~~8 O.2116'i2 O.Z6!1IIlS O.,SIH61t. 0.35))00 0 ... 5290) O. )8')(11 O.1'J6115 O.:'lH·.~ 



Appendix Table I-b (continued) 

S"t'to1:' 
Fed. & State' (dent t· Education.al Otltn toeat 

fteAtion SIIC'vtUI SCIt'V lee. llou.cboU Cov4.'rlVllcnt: CoY"t'Qnt'nt 
20 21 22 21 :, 

1 0,0 0,0 o.oaCltU 0.0 O.OO2~J7 
2 0.0 0,0 O.O()O197 0.0 0.0012',10 ..... l 0,0 0.0 0.0 0.0 O.OtlHS (X) 
4 0.0 0.0 O.OOO]~4 0.0 0.,0 U) 
) 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0,0 0.0 0.0 
7 0.0 O,O(M46 O,OClU!71 0,0 0.0 
a 0.0 O.OO()21l O,OflC'tll2 0.0 0.0 
t . 0,000448 O. OU1~40 0.0111159 O.lIIJO~99 O.OO~)O) 

10 o,olson O,1J2t1:iS4 0.[,112615 O,lI1\121 0,013'.114 
U 0.02t1665 O,It'!WJ2~ O.Oj~,)1l 0,1101796 O.o:.)S~S 
12 0.0 0.(0)1':.0 0,01.\',611 0.0 .0.0 
tJ 0.016217 O,~'.41H 0.012412 O.OlltU 0.!1l2U 
14 D.DOI '~1 O.OO',/l,)) a.OIlI'}07 0.0 0.0 
15 0.017617 O,O)~S16 O.O'.~!10 O.OC'.lJ79 O.~:'14S 
16 0.00!.'J27 o.oo/:;n O.OZl1\11 O.ull'H4 o.oonn 
17 0.OuO~91 O,1If1/d86 O.Untlll 0.000200 O.O~~1I26 

11 0,0 O.OvI2lJO 0.O!1t16] 0.0 0.0 
19 0.0 O.[,02~I.tO o.on'.llll O.OOG1B~ 0.OU0281 
20 ·0.0 . 0.00u2l3 O.OO!1Jt O.~I('('6) 0,211170 
21 0.0 O.(W2()S(' 0.0',1.612 0, (.10S'.I87 0,000[:12 
U 0.1:'201) o.J7t.nO 0.Oo')n4 O. '0',130 0,4110.'.8 
23 0.OM746 O.UO~Jl) O.OlV.?l O.On167 0.14:":'1 
24 O.:f,lOOOJ 0.0))1)16 O.06U~0 0.0(2)')' 0.0 
25 O.lUIi81 O.l)II?H O.I~UIJ4 O,OlC,!.ll 0.0 



APPENDIX II 

Input-Output Environmental Technical Coefficients 

As indicated in Chapter III, this appendix is devoted to the detailed 

illustration of the environmental technical coefficients development in 

the input-output tnodel. Each economic sector will be considered 

sequentially in the order it appears. Where possible, economic sec­

tors will be grouped together in tables for easier display of similar 

coefficients. Apparent o.mission of coefficients reflect two possibili­

ties: (1) there was not an effluent recorded for it, or (2) data was 

not available in any proxy form. Those potential effluents listed in 

Table 111-4 and not listed in Table 111-2 or discussed here account 

for both these possibilities. Obviously, the type of manufacturing 

sector determines the composition of the effluent beyond the usual 

sanitary components. 

A case in point is the water use coefficients for the Livestock and 

Poultry sector. Although animals use water, no available use data 

was found. This sector did produce phosphorus, a "process" residue 

from live anitnal units. Appendix Table II-a details the raw data used 

for constructing a phosphorus emission coefficient. The construction 

184 
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Appendix Table II-a· . , 
Annual Virginian Eastern Shore .. Phosphorus Load 

from Agricultural Animal Waste 

Animal/County Site/Number 

Poultry: produce 30 lbs. P./10DO lb. animal weight/year 
Accomack Cty 

202.413 hens 
1,922,275 broilers 

Northampton Cty 
640 hens 

5,850 broilers 
Hens average 10 lbs. 
Broilers average 3 lbs. 

, Cattle and Calves: produce 17 lbs. p./1000 lb. animal 
\-/eight/year 

Accomack Cty 
1.730 cattle and calves 

318 heifers and heifer calves 
893 bulls and steers inc calves 

Northampton Cty 
1,257 cattle and calves 

347 heifer calves 
507 bulls and steers inc calves 

em'/s average 1200 lbs., heifers average 400 lbs. J 

steers and bulls average 500 lbs. 

S\'/ine: produce 45 lbs. P./lOOO 1bs. animal weight/year 
--Accomack Cty 

4,996 
Northampton Cty 

2,203 
85% are feeder pigs with average weight 130 lbs. 
15% are breeding stock with average weight 300 lbs. 

Sheep and lambs: produce 19 lbs. P./1000 lbs. animal 
\-/ei ght/year 

Accomack Cty 
248 

Northampton Cty 
309 

Sheep average 80 lbs. 

Annual Total Weight of Phosphorous Load 

Phosphorous 
(l bs.) 

60,723.9 . 
.173 ,004. 7~ 

194.7 
526.: 

35,292.0 
2,162.4 
7,590.5 

25.642.8 
2,359.6 
4.309.5 

10,116.9 

4,461.1' 

376.96 

469.68 

363,028.29 

Source: U.S. Dept. of Agriculture, ~ricultural Census for 1969, 
Virginia, Washington, DC, 1969. 
U.S. Dept. of the Interior, Cost of Clean Water Series, 
Introduction, I, Washington, DC. 
Communication with Or. Ddvid Holder, Dept. of Agricultural 
Economics, Virginia Polytechnic Institute and State University. 
Blacksburg •. 1972. 
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as surned 1969 animal population levels existed in 1971. Although the 

regional economy is not known for large animal populations except for 

broilers (which are mostly concentrated in the northern section), the 

ambient water environment and lowland level provided the potential 

for nutrient enrichment through agricultural run-off from animal yards. 

Two points need to be clarified: (1) the peninsular poultry raising 

industry is moving southward into Virginia from its mainly Maryland 

location now, 1 and (2) an undetermined portion of the poultry phos-

phorus is collected and processed into fertilizer at a Tasley, Virginia 

plant, thus effectively removing it fro.m water quality concern. 

Agricultural water usage from the irrigation standpoint will be 

considered for all three relevant sectors. Although SOITle crops need 

more water than others, the sectors t usage was assumed similar and 

relative shares divided by the acre percentages of the Eastern Shore. 

Eastern Shore irrigated water usage was 1,604,706, 840 gallons 

per year in 1969. This was allocated among three sectors by the 

relative distribution of cultivated acreage in the following three sectors: 

Field Crops 

Fruits and Vegetables 

1 
Kenyon, et aL, op. cit. 

2886 acres in Northampton Cty 
3662 acres in Accomack Cty 
6508 acres 

3631 acres in NorthaITlpton Cty 
2579 acres in AccoITlack Cty 
6210 acres 
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Miscellaneous 135 acres in Accomack Cty 
56 acres in Northaznpton Cty 

191 acres 1 

The relative percentage was applied to the total irrigated water 

with the following results: 

Field Crops 
Fruits and Vegetables 
Misc ellaneous 

808,772, 247 gallons 
771, 863, 990 gallons 

24,070, 602 gallons 

The technical environmental coefficients were calculated by dividing 

these effluent loads by the gross sales of the specific sector. 

Agricultural fertilizer usage will also consider the three cropping 

sectors at once. Data for the three basic chemical compounds had to 

be derived for the two counties. It was deterznined that the two Eastern 

Shore counties in question produced 9% of the total market value of 

crops in Virginia, hence 9% of the cheznicals consumed in the state 

would be there. 2 The base year for the fertilizer materials used was 

1969, and 1971 was assumed to be identical. The 1971 chemical 

formulation averages were obtained from the T. V. A. source cited 

earlier and applied to each sector's total fertilizer rn.aterial used to 

obtain the relative levels of chemical application as follows: 

lU .. S. Bureau of the Census, Census of Agriculture, 1969, Vol. I, 
Area Reports, Part 24, Virginia, Section 1, County Data, U. S. Govern­
rn.ent Printing Office, Washington, D. C., 1972, p. 9, 505. 

2 
Ibid., p. 9, 505. 
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1971 Formulation is 10. 4Z% total N; 10.090/0 total P
Z

0
5

; 10.590/0 total 
K20 

Field Crops 

Accomack Cty: N 

Northampton Cty: N 
PO 
K~05 

Eastern Shore total: N 
P 20 5 
K 20 

Fruits and Vegetables 

Accom.ack Cty: N 

PZOS 
K20 

NorthaDlpton Cty: N 

P20S 
K

2
0 

Eastern Shore total: N 
P 20S 
K 20 

Misc. Agriculture 

Accomack Cty: N 
PZOS 
K 20 

NorthaDlpton Cty: N 
PZOS 
K 20 

= .1042 X ZI. 398 tons of fertilizer compound 
= 2, 230 tons 
= • 1009 x 21, 398 tons of fertilizer compound 
= 2, 159 tons 
= .1059 x ZI, 398 tons of fertilizer compound 
= 2,266 tons 

= 1,370 tons 

= I, 326 tons 

= 1, 392 tons 

= 3, 600 tons 
= 3,485 tons 
- 3, 658 tons 

= 5Z4 tons 
= S08 tons 
= 533 tons 

= 732 tons 
= 709 tons 
= 744 tons 

= 1, 2S6 tons 

= 1, 207 tons 

= 1,277 tons 

= 13 tons 

= 12 tons 

= 13 tons 

= 7 tons 
= 7 tons 
= 7 tons 



Eastern Shore total: 
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N = ZO tons 
PZOS = 19 tons 
KZO = ZO tons 

Calculations for domestic water usage were based on the data in 

Appendix Table II-b. All the remaining sectors I domestic water usage 

coefficients, except for households and educational services, are based 

on this table. 

Calculation of household domestic water usage proved to be slightly 

more complicated, due to the lack of any plumbing facilities in their 

35 percent of the households in the two counties, plus, most of the 

population is not served by a central sewage treatment system. 1 That 

seg.ment of the population which had plumbing, sewered or septic sys-

tern was expected to use 100 gallons per day per person (gpdpp) or 

1,031,771,050 gallons per year (gpy). The other population segment 

was expected to use 35 gpdpp or 193, 898, 950 gpy. This' results in a 

total sanitary water use of 1, ZZ5, 670,000 gpy. After adjusting for 

the Onancock Sewage Treatment System (serving Z,500 residents) the 

net b. o. d. was determined to be: 

Z5, 768 people x • 167 lb/day pp x 365 = 1,574_ 791lbs/year 

Z 
where. 167 lb/day is an average figure. 

11970 Census of Housing, Household Plumbing Characteristics, 
Table 60, 1971. 

ZVirginia State Water Control Board Files, Richmond, Virginia. 
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Appendix Table n:'b 

Virginian Eastern Shore 
Donlestic Water Usage Characteristics 

Sector GPO Ptl 11 Em;:ll o}'ce s per YCilr per Year 

lumberi ng 15 177 250 597.375 
Fisheries none calculated 
Hisc. nan. (see f 011 o·.-Ii n 9 ) 2,120,000 

Concrete Prod. 15 158 250 
Ship Bldg. & Repair 15 6 250 
Shirt f·jan. 20 381 250 1,905,000 
Bottling Plants 20 60 250 300,000 
PrintinQ Publishing 25 48 250 300,000 

Retail Products (see fo 11 owi ng) 11,003,948 
Food Stores 25 372 250 325,000 
Gasoline Stations 42 472/1 i ft Y 312 6.185,088 
Automotive 35 154 250 1,347,500 
Wearin9 pppare1 15 20 250 75,000 
furniture & Appliances 25 36 300 270,000 
Hdwe & Bldg Nlt. 25 109 300 817,500 
Other Retail 20 353 281 

Wholesale 20 746 281 
*lodging 

Hotels & ~~otels 65/room 663 rooms II 365 15.729,675 
Campgrounds 

Construct ion 15 379 250 1,421,250 
Transpo rta t i on 25 161 300 1,207,500 
Util ities 15 252 312 1,179,360 
Real Estate & Insurance 15 73 250 273,750 
Finance 15 145 250 543,750 
Bars & Restaurants 30 167 300 1,503,000 
Personal Services 20 98 300 588,000 
Othe r' Servi ces 15 351 275 1,447,875 
loca 1 Governr.:ent 12.5 2388 300 8,953,125 

1/ gallons per day per man obtained fram Daily ~'!ater Consumotion Rates, 
Va. State Dept. of Health, Bureau of Sanitary Engi~eering, June, 1968. 

b' gzI110ns per day per lift obtained from N. L. Heme ro'tl , Theories and 
er:acttce~ o_t_LnQ!J_slytaJ_\'!lig:-Ir~atFlCI1j., l'/es! ey PlJb 1 i shi ng Co. I Inc., 
Reading, i':Jss., 1963 

~ VirginiJ. Travel Service, Accomack City, Virginia 
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The a.mount of suspended solids generated by households was 1, 954, 122 

lbs/year. It was calculated by the following procedure: 

Gross suspended solids - Volume extracted by Onancock facility 
net suspended solids 

.2 lbs /person/days x 28,268 people x 365 days - 109,422 1bs. = 
1,954,1221bs/year 

where.2 Ib/day is an average figure. 1 

In the two calculations immediately preceding, two different popu-

lation levels were used. Although both effluents were calculated with 

adjustment for the Onancock facility, some of the effluent components 

are removed direct! y before reaching water cour ses. Most of the 

plumbing units are septic systems, hence suspended solids is not a 

true effluent component. The solid waste is extracted from the septic 

tanks and is deposited on a dumping ground. The coefficient is conse-

quentl y bias ed upward. 

Educational services sanitary water usage was based on whether 

a particular school's physical plant had showers in their lavatories. 2 

The following calculations were made: 

w /0 showers 10 gpdpp x 6,281 users x 220 work days 
= 13,818,000 gpy 

with showers 16 gpdpp x 3, 930 users x 220 work days 
= 13,832,000 gpy 

lIbido 

2 
Ibid. 
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Eastern Shore Community College 100 people @ 4, 000 gpd x 
250 days = 10, 000,100 gpy 

where 4, 000 gpd is an average. 1 

Total Eastern Shore = 37,650, 000 gpy 

The personal services sector is composed mainly of laundromats, 

of which there are 21 on the Eastern Shore. With an average number 

of machines per firm (mpI) of 17.5 and 184 gpd of process water, the 

1 
. 2 

tota usage 1S: 

184 gpdpm x 360 work-days x 17. 5 mpf x 21 firms = 32,353, 000 gpy 

Additional components of the proces s water to be detailed include 

b. o. d., c. o. d. and phosphoruso Data was available from six firms 

and linearl y extrapolated to all twenty-one. The additional process 

water characteristics are: 

b. o. d. 
c. o. d. 
phosphorus 

43,6241bs/y 
9,381lbs/y 

3l1bs/y 

The only sectors which have not been discussed here are the two 

most important from an effluent standpoint. They are: Agricultural 

Food Processing and Seafood Processingo A wide variety of data was 

available. Since the agricultural sector was composed of two different 

sub-sectors, namely poultry and vegetable processing, it was decided 

to develop data for both sectors. That decision resulted in a very 

lIbido 

2 John W. Clark, et al., Ope cit. 
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detailed profile of the sectors with a reduced aggregation error in the 

totals at a very small additional cost. Each firm I s data had to be 

adjusted for length of operating season, dissimilar raw material waste 

loadings between two similar firm.s, and length of time of storage. 

The latter was especiaU y true if waste liquor was stored for a few 

months and then discharged. Appendix Table II-c details the firm by 

firm effluent com.position except for the two poultry processors. Their 

effluent is combined to conform. to U. S. Census Bureau regulations. 

All of the liquid waste is discharged into creeks except for a small 

amount of irrigation. This later route is quite significant given perco­

lation problems in an area with such a higher water table. All the data 

is based on Virginia State Water Control Board/U. S. Army Corps of 

Engineer discharge permits. 

The table constitutes "most" if not all the agri-food processing 

firms. The other category included a small all purpose processor and 

packer, a bakery, and a soda bottling plant. 

The seafood processing sector is composed of 30 fir,ms and 

employed 589 people according to a 1970 survey. 1 Data was available 

in the Virginia State Water Control Board Files for 15 firms. Based 

on a median size fir.m an extrapolation was then made to include the 

other 15 firms. Appendix Table II-d presents these results by effluent 

IMarasco, Ope cit., p. 24. 



Char.:! cteri 'i t i elF I rn 

3,037,998 
712.000,000 
715,037,998 
115.037.998 

B.O.O. (1bs.) 332,150 
C.O.D. (lbs.) 755.590 

Suspended Solids (lbs.) 103.120 
Dissolved Solids (lbs.) 127.~94 
Total Solids (lbs.) 230.614 

Or~Jnlc NitrO{en (lbs.) 746,683 
tlitr:1te (lbS. 79.684 
:ji tri ti! (lbs. B91 
A";cnia )lbs.) 296.705 

Phos~horus (lhs.) 77 ,666 
Sulfate (los.) 97,954 
Totdl Or~)nic Carbon (1bs.) 779.679 
ChlorlJe (los..) 275.075 
Ca 1c iurr (lbS.) 
SOdju~/Potd5sjum (lbs.) 
MJgnesium (Ibs.) 

Oil dnd Gr~ase (lbs.) 5.946 

Appendix Table II-c. 

Agricultural Food Processing Sector 
Annual Characteristics 1971 

tern Shore, Virginia 

188,160 755,000 8.750.01)0 255,[80 3,834 
22.407,800 45.00n.Ooo PH .750,000 9.000,tlOO 135.000 
22.595.9CO 45,756,000 206.500,000 9.255,(,00 
22.118.400 45.756,000 206.500,000 9.255,tOO 138.834 

109.063 11 B,R4S R.7S0 44.378 
9.242 10 ,ort) 21.375 3.761 

2.588 l.fI?O :.'1.875 1,053 16 
29.759 32.4]] 1<)1).815 12,109 182 
32.347 35.253 218,750 13 ,162 198 

1.109 1.209 19.600 17 
17 18 7 
2 2 I 

126 131 875 51 2 

28 )0 11 

1,050 
3,321 3.626 11)6,304 1,354 SO 

16.625 
39.375 
2.450 

firms process sa~ product (tomatoes) so effluents assu~d to be similar to Webster Co .• ·s .ucep ..... 
for volume adJustrrent. • ~ 

y 
Includes Schmidt Baking, Peninsula Seafood & Produce, Norfolk Coca·(ola Bottling, Inc. 

67,£00 197.0:;0 
3.124,800 

1,011 ,695,31 () 
3.192.400 197.600 1.011.695.300 

15,4C8 63a.2~¢. 
1,306 SOl. S)) 

]66 131 
4,204 ~O3 
4,570 534.0')3 

157 769,226 
2 79,72B 

1:')6 
18 297.914 

4 77.741 
97,9"..4 

470 780,629 
4P..o,2(;6 
16.625 
39.375 
2.450 

5.946 



Characteristic/Firm 

Sani tary Hater (gal.) 
Process Vater (gal.) 
Total \!ater Input (gal.) 
1~at.~r Di scha rge (gi! 1 .) . 

B.O.D. (lbs.) 
C.O.D. (lbs.) 

Sus~Jnded Solids (lbs.) 
Disso1ved Solids (lbs.) 
Tot~l Soli~s (lbs.) 

Orranic Nitrogen (lbs.) 
;iitratc (1bS.~ 
;li tl'i te (lbs. 
Pm']:;;;) i a (1 bs. ) 

Phosphorus (lbs.) 
SllH ate (l ~s. ) 
Total Or9~n!c Carbon 
Chloride (lbs.) 
Cal c i um (1 b s. ) 
Sodium/Potassium nbs.) 
Magnesium (lbs.) 

Oil and Grease (lbs.) 

Appendix Table II-d 

Virginian Eastern Sh~re 
Seafood Processing Sector 

Annual Effluent Character istics 1/ 

W. C. Buntina Co. McCready Bros. [3ona\,!1~11 Bros. 

70,875 
321,300 442,000 520,000' 
321 ,300 442,000 590,875 
321,300 442,000 590.875 

1 
3,402 3,402 835 

lG9 189 212 
1 ,512 945 57 
1,701 1,323 269 

132 66 12 
6 . 15 

8 4 2 

2 11 3 

567 567 129 

567 945 2t;8 

e 1.'\ 11 a rd t3 ro s . H. n. Ter,4i: Co. 

390,000 26,000 
390,000 
390,000 26,000 

5 
~ 
U1 

270 756 

144 
1,223 
1.368 

31 4 
1 

504 2 

7 

267 189 

370 38 



Appendix Table II-d (continued) 

H. V. George D. H. L. & 
Characteristic/Firm DreIer & Son Stubbs Seafood Spence & Sons ThOm3S E. Reed R. L. 3m'len Total 

Sani Water (gal.) 103,500 2,079,000 
Process (gal.) 2.016,000 340,200 113,400 151,200 378.000 18.231.960 
Total Water Input (gal.) 

378,000 20,310,960 Uater Disc!larQe (gal.) 2,119,500 340,200 113,400 151.200 

B.O.D. (lbs.) 3 149 189 1,292 
C.O.D. (lbs.) 17,091 3,969 932 85,545 i--' 

",0 

Susp~ndcd Solids (lbs.) 31~644 189 1.877 242 207 • 9~0 0"-

Dissolved Solids (lbs.) 90,387 1,701 3,320 756 189 362.215 
Total Solids (lbs.) 122,031 1,89Q 5,197 ., ,630 945 571,035 

a rg:l n ic tI i t ro 9 e n (1 bs. ) 318 270 262 56 8 10 
:litrate (1bs.) 11 21 2 
nitrite {lbs.} 19 19 
hm"onia (lbs.) 455 22 50 4 2 

t'us (lbs.) 29 2 19 5 2 783 
Sul te (1 bs. ) 
Tota 1 c Carbon 
Chloride 1 bs.} 1.134 1,118 331 189 94,450 
Ca 1 chan ( b s. ) 5.333 
Sodium/Potassium (lbs.) 
r·~agnes i um (1 bs. ) 

Oil and Grease (lbs.) 40 2,511 194 29,649 

Source: Virginia State Water Control Board Effluent Permits, Richmond. 



Appendix Table II-d (continued) 

------------... , ..... "" ___ ... ~ .. ~~.:....:il~..;:....,~~! .... ...::..~.".~.~~~ _____ ,"""'",}~::fr:"J""I' ....... ~<>;~ ............. _~~ ... __ • __ ,,_e ...... .......,.,:r_.'-~ ........ ~~..,...........,_--~ __ ~ 
Clhlrdcteristic/Finn C. D. St:~foc'd, Inc. Ji.~C:< Aq('l~:clt i~d:.:kino til~.tem Clin f\t12H~tic Cl.~~~1:1 >:::~·-S:·~ 

Sanitary ~':ate:" (gal.) 
Process Water (gal.) 
Tot::.ll ::J ter Input (gal.) 
Hat e r D i :: c h u rg e (g a 1 • ) 

B.O.D. (ltJ5.) 
C.O.D. (1~s.) 

Sus~cnded Solids (lbs.) 
Oi$solv~d Solids (lbs.) 
Total Sulids (1bs.) 

Ol'~!.mic ::itro(Jen "(1bs.) 
iiitratQ (1~)s.) 
!:itrit2 (lbs.) 
f~;'·lon i 3 (1 bs. ) 

PhOiohorus {lbs.} 
Sulfdt~ (10::;.) 
Totell O,-gllllic Carbon 
Chloride (llJs.) 
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characteristic. In all cases there is no treatment of the process water, 

for it is dumped directly into a nearby water-course.. The sanitary 

effluent is, of course, treated in a septic system. 

The food processing sectors compose the major portion of the 

Eastern Shore effluent. The remaining sectors contributed effluent 

which was lllainly sanitary sewage. 



APPENDIX III 

Deri vation of Linear Programming 
Objective Function Coefficients 

A general discussion of these coefficients was provided in the text 

of Chapter III, but a more detailed explanation will be provided here. 

All of the preservation service coefficients are aggregated for,rns 

although attempts were made to utilize the disaggregated components. 

Initially, these disaggregated coefficient components were fitted 

into the model developed in Chapter IlL That method was discarded 

for reasons discussed below. Their construction was based on an 

assumed linear relationship between various preservation values and 

the amount of available marshland. The procedure was a proxy one 

for essentially an unknown natural resource/preservation service 

relationship. 

The most important component of the preservation coefficients 

used in this study, value-wise, are the cornmercial fisheries which 

contributed the major portion of the total preservation services pro-

vided. Initially, this basic component was simply the value of the 

Eastern Shore dockside landings value divided by the proportionate 

Eastern Shore tidal .marsh share. The rational for this was explained 

in Chapter III. The remainder of the marsh were deemed to provide 

199 



zoo 

export services to the rest of the Virginia fishery. A rest-of-Virginia 

fisheries coefficient was constructed similarly to the Eastern Shore 

fisheries coefficient. However, in application this forrnulation resulted 

in untenable solutions during the programrning phase (e. g., allocating 

more wetlands than existed) and was one of the major reasons for 

aggregation. Similar accounting was made at the same time for other 

preservation services. The effort to maintain a social accounting of 

each preservation service resulted in artificial curtailment of further 

marshland inputs going into solution once the Eastern Shore fisheries 

level was attained. Model m.odifications to circumvent the problem 

resulted in a further abstraction frorn a realistic m.odel, hence the 

decision to aggregate. 

Conceptually, then all the preservation services were determined 

individuall y, aggregated into one coefficient and then adjusted (weighted) 

according to varying tidal marsh ecological value. Each of the compo­

nents will now be treated in turn. 

Comrnercial fisheries r products on the Eastern Shore have two 

market channels: fresh fish sales and processed fish sales. These 

1971 values were rnultiplied by multipliers obtained from the Le.ontief 

inverse constructed elsewhere in this study. The values were the 

total co.mrnercial fisheries services provided by marshland. The pro­

cedure is shown below for the Eastern Shore and for the rest-of-

Virginia fisheries: 
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Eastern Shore: 

Fresh Fish Sales x Multiplier = $1,605,000 x 2.621 = $ 4,206) 705 

Proces'sed Fish Sales x Multiplier = $4,141,000 x 3.238 = 13,408,558 
$17,615,263 

Rest of Virginia 

Fresh Fish Sales x Multiplier = $9, 186,008 x 2.621 = $ 24,076,529 

Processed Fish Sales x Multiplier = $23,572,000 x 3.238 = 76,326,136 

$100,402,655 
$118,017,928 

The sum of these two calculations provided the total direct and in-

direct value of Virginia fisheries. Dividing it by the total acreage in 

tidal wetlands (as calculated by Wass and Wright and the author) which 

is 191,344.2 acres, the marshland per acre gross contribution is $616.78. 

Severe criticism can be levied on the use of gross returns for the 

fisheries except for two points: the open acces s problem precludes 

estimating a return to the wetland factor and the value of dockside land-

ings is a much more accessible figure than a net return value to the 

boat owner. 

The other two preservation services which have some direct valua-

tion from the market system are wild fowling and water recreation. 

The linear construction method was again followed with crude valuation 

estimates provided by two studies. 1 Salt water recreation was deemed 

lWass and Wright, Ope cit., po 85. 
Burrell, V. G., et aL, Opt cit., p. 151. 
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to include sport fishing, boating and marine services. The most recent 

Eastern Shore -directed recreation study used 1960 data which, although 

embarrassingly old, is the best (only?) available. 

The salt water recreation value per marsh acre was calculated as 

follows using only Eastern Shore marsh: 

$1,000,000 = $10. 16 per acre 
98412.2 

Also, wild fowling values contributed a small amount: 

$250, 000 = $20 54 per acre 
98412.2 

Another preservation value which is included in the aggregate co-

efficient is erosion control. This is a service which is not considered 

in the market in any form. As explained in Chapter II, the erosion 

control service only has been recognized recently. Once the marshes 

ar.e destroyed for alteration purposes, other forms of erosion control 

must be us ed such as bulkheading. 

To estimate the value of erosion control services provided by the 

natural resource system, an alternative cost methodology was used 

based on an alteration situation; i. e., once the marsh is filled in, 

bulkheading must be used to control erosion. The bulkheading can be 

of the expensive type such as rip-rap (stone chunks of blocks as used 

in a jetty) or the more common wood, cone rete, or metal types which 

are more conducive to mooring boats to. Wood bulkheading is the 
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rnost com.m.on type with an estimated average cost of $100 per lineal 

foot, depending on the type ofm.aterial used, substrate, water depth, 

1 
and height abovem.ean sea level. 

Two different values of erosion control were calculated; one for 

the bayside and one for the seaside. This was necessary since two 

ent erosion control situations are present on the Eastern Shore. 

seaside has what might be considered an average problern even 

the exposure to storrns and the attendant high tides 0 The vast-

nes s of the wetland area in this side of the peninsula precludes all of 

it ""'''-' ............ used for erosion control except in critical areas about .m.an-

d t " t 2 rna e ac IVlty cen ers. 

HEP rnarsh on the seaside was not considered as providing erosion 

control services since its location is mainly away from. the hard land 

areas and closer relatively to the barrier i 

lExperts in them.arine construction field were surveyed to obtain 
this data. They included: Mr. George Dawes, VIMS, Gloucester 
Point, Virginia; Mr. Jack Counts, Marine Construction Company, 
Grafton, Virginia; Mr. Wayne McLeskey, M&S Construction Com.pany, 
Virginia Beach, Virginia. 

2This is perhaps a critical point often misunderstood about the 
econom.ic benefits of a natural resource. A natural resource has value 
in an econom.ic sense only if it is providing som.e service (i. e., erosion 
control). The natural resource m.ay provide services in one context 
(fish spawning area, aesthetic) and have a value, while in another sense 
it m.ay just be a potential resource without a value since it would not be 
curr providing any m.an-m.ade activity. 
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On the bayside, a ITIuch more critical situation exists with severe 

erosion problems at various points along the coast froITl Saxis to Silver 

Beach. The erosion in the Saxis area occurs even in the presence of 

considerable ITlarsh acreage while severe erosion north and south of 

Silver Beach occurs without any natural protection systems. 

For purposes of this study, ITlan-tnade activity centers were 

defined as towns, of which six were identified on the seaside. The 

critical areas then were assuITled to be a 2.5 mile range in a northerly 

and southerly direction from the town center. This protection was 

afforded within the town and with north and south buffer areas. Based 

on the existing acreage about these six areas with,a combined preserved 

straight shoreline potential of thirty miles, approxiITlatel y 5000 acres 

were identified as necessary for erosion control protection. The co-

efficient calculations are: 

30 miles or 158, 400 feet x $100 = $15, 840, 000 
using the 1972 U. S. GovernITlent project discount rate of • 05375, 
the annual benefits aITlount to $851, 400, or $170. 281 ac re for 
5000 acres. 

Using a siITlilar procedure for the bayside except that all of that 

coast was deemed to require protection, $70, 817, 500 of protection 

value was capitalized at the above rate resulting in annual benefits of 

$3,540,87.5 or $162.90 lacre for 21,737 acres, which is all the bayside 

marsh. 
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This capitalization approach considers the alternative costs of 

non-replaceable bulkheading when in fact the man-made structure 

would require replacement every 30-50 years. However, the present 

value of the costs of replacement at that future date can be considered 

minimal and the estimating procedures used are reasonably accurate. 

The previously identified services comprised the preservation 

coefficients 0 Those coefficients (minus erosion control services) were 

weighted in the objective function to reflect the varying ecological 

importance (value?) of the three mar sh categorie s identified here. 

Erosion control services for all the bayside and all but HEP seaside 

marsh were considered to provide the same level of erosion control 

service. This standard is a function of their closer geographic nature 

to the hard land of the five types and lack of even intuitive knowledge 

of any ecological difference among them. The weighting syste.m, 

although arbitrary, is more of an indicator of relative ecological 

importance. High ecological priority (HEP) marsh was rated at 125% 

of the acreage value of medium ecological priority (MEP) marsh which 

represented the summation of the preserved service values listed 

above. The low ecological priority (LEP) marsh represented 50% 01 

the MEP marsh value. All values are essentially gross returns. 

Other marshland services were identified in Chapter II, but values 

were not developed here because of data problems. The services 
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included waste treatment, flood and sedimentation control, fresh 

water aquifer protection, plus aesthetic values. 1 Consideration of 

these values can implicitl y be assumed to be at least partially covered 

by the development rights tax used in the linear programming runs. 

Appendix Table III-a details the cOITlplexion of the six aggregated 

preservation coefficients. These coefficients, representing gross 

returns per acre, were then inserted into the model objective function 

as proxy measures of preservation returns to the fixed factor, tidal 

wetlands. 

The alteration service values are essentially the gross returns 

from the separate alteration possibilities only one, of which can occupy 

a given acre of filled-in marsh at a single point in time. The usual 

view of the return to land from some activity is a net value after 

development costs have been subtracted out, but data problems pre-

eluded this for alteration uses also; hence the use of gross returns as 

lIt has come to the attention of the author that researchers at the 
L. S. U. Center for Wetlands Studies have calculated waste treatment 
values for Louisiana marsh only, through tertiary levels. It occurred 
during the last writing stage; hence, was not included in the paper. 
See James G. Gosselink, Eugene P. OduITl and P. M. Pope, The Value 
of the Tidal Marsh, working paper from Marine Science Department, 
Louisiana State University, Baton Rouge, 1973. 

Also, an attempted calculation of aesthetic values has been 
effected using a revealed preference approach. However, the effort 
was considered to be localized due to the special institutional nature 
of that situation. See Tirath Gupta and John H. Foster, "Valuation 
of Visual- -Cultural Benefits from Freshwater Wetlands in Massachu­
setts, " Journal of the Northeastern Agricultural Economics Council, 
2, 1, Sum.mer, 1973. 
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Appendix Table III-a 

Composition of Objective Function Aggregate 
Preservation Service Coefficients 1/ 

Wetland Service Preservation Coefficients 

Xl x6 XI0 X31 X36 X40 

Commercial 
Fisheries 2/ 767.98 616.78 308.39 767.98 616.78 308.39 

Salt Water 
Recreation 3/ 12.70 10. 16 5.08 12.70 10. 16 5.08 

Fowling :iJ 3. 18 2.54 1. 27 3. 18 2.54 1. 27 

Erosion Control 5/ 170.28 170.28 162. 90 162.90 162.90 

Total 783.86 799.76 485.02 946.66 792.38 477.64 

1/ Value of coefficients calculated by dividing the estimated 
annual regional value of the service by total salt lTIarsh 
acreage, the result being the medium grade marsh value 
(X6 and X36). The other two lTIarshland grade values were 
obtained from "weights If of 1250/0 (high) and 50% (low) of the 
medium grade value. 

2/ Robinson, op. cit. 

3/ Wass and Wright, op. cit. 

4/ Burrell, V. G., et al., op. cit. 

5/ Alternative cost estimation using wooden bulkhead example 
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a proxy measure. Only two such activities were considered as rele-

vant for the Easte rn Shore: ll1arinas and lagoon housing. The forITle r 

will be dis cus sed first. 

A survey of the n"larina sector in a neighboring state (Maryland) 

provided the basis for a vast amount of detail in developing simulated 

data for the target region. 1 The 1965 data was updated using a 1971 

price inflator index of 133%. The ave,rage marina size of 8.47 acres 

of land was calculated by taking the average ac reage of four sizes of 

ITlarinas based on the nUll1ber of slips and moorings plus the total 

acreage for each size. Then the average value per acre of ll1arina 

land was calculated, based on Maryland marina av~rage investll1ent 

in land, at $9,760.50 which was inflated to 1971 prices of $12,981. 47. 

This value was then capitalized at 6 percent (private ll1arket return in 

1 971) to yield an annual return of $778. 89 pe r ac re. This value is the 

gross return of marshland altered for ITlarina and is intended as a 

proxy for the net return which would account for the development costs. 

In the two co.mputer runs, an additional marina coefficient was 

added to consider an alternative development plan by inducing marina 

land into solution. A proportionate relationship was developed which, 

upon the addition of each 1000 acres of waterfront cluster housing, 89 

IGale H. Lyon, et al., EconoITlic Anal ysis of Marinas in Maryland, 
Agricultural ExperiITlent Station MP 679, U. of Maryland, College Park, 
April, 196'9. 
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acres of .marina would also be brought into the solution. This process 

assumes there would be a demand for dockage on the order of one boat 

per one acre homesite (e. g., each boat requires. 089 acres of land for 

lTIarina support facilitie s bas ed on the Maryland study). Additional! y, 

the housing would not be of the lagoon type with private dockage for 

each homesite, hence the demand for lTIarina sites servicing the cluster 

housing. Given the number of slips and moorings available, the nUlTI-

ber of acres used in the Maryland study was divided into the first 

figure for the acreage per slip. The proportionate value of that land 

was then determined based on the marina returns per complete acre. 

This value ($69) was then used in the objective function as a special 

marina coefficient. 

The last alteration case, but perhaps the most important, is 

lagoon housing. Based on a telephone survey of lagoon housing pro-

jects on the Eastern Shore, the 1972 price for filled-in marshland 

1 
destined to be housing sites was $21,500 /acre. Based on a 6% 

capitalization rate, the annual return for 1972 would have been $1,290. 

The $1,290 is the gross return per acre of altered marshland without 

considering development costs 0 It is a proxy for the net return to the 

fixed factor. Many of the sites were actually double sites since half-

acre sizes were standard. This provides for an average of one boat 

lSites contacted include Schooner Bay and Captain's Cove. 
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owner per acre as was indicated above in the marina section. The 

assumption may be an underestimate of the real situation, but there 

is no other data to base any conclusions on; hence, the conservative 

estimate of dem.and for boat slips. 

Note should be taken of the two different interest rates used for 

capitalization purposes. The higher one (6%) was used solely for 

private market alteration activities, while the lower one was used as 

a social discount rate for a preservation service. That lower rate 

can be justified because it is for the provision of a public good (which 

public works history will support) and because the lower rate enables 

transfer of social income into the future. The erosion control service 

will certainly be provided in perpetuity in any event. 

This concludes the discus sion of the objective function coefficients. 

The last appendix will present the C?-ctual marshland inventory. 



APPENDIX IV 

Derivation of the Tidal Marshland Inventory 

The inputs for the linear progralTIlTIing ITlodel consisted solely of 

three types of wetlands: specificall y, salt ITlarsh of a high', lTIediulTI, 

and low ecological quality. The rating criteria was discussed in 

Chapter III and will not be added to here. As was indicated in that 

chapter, the Virginia Eastern Shore counties of Accomack and North-

alTIpton we re "surveyed" via topographical lTIaps using a planilTIeter. 

Appendix Table IV -a displays a sUlTImary for each lTIarsh type by topo-

1 
graphic ll1a,p quadrangle. Most of the quadrangle lTIaps were of recent 

origin, reflecting the "current" geological situation. Generally speak-

ing, five to ten years is an insignificant time period, except for those 

structures which are susceptible to quick natural alteration. These 

structures include beaches, sand dunes, tidal ll1ud flats and salt 

ITlarshes. In fact, this did occur in the Cheriton quadrangle, where 

tidal ll1arsh "claill1ed" a tidal m.ud flat as evidenced by significant map-

ping changes from. 1955 to 1968. In order to assess the accuracy of the 

IFour site ratings were com.pared with a VIMS rating and were 
identical. They were Oyster and Rudee Inlet (low) plus Watts Island 
and Muddy Creek (high). 
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Quadrangle 

Accomac 
Boxit'on 
Cap~ Charles 
Cheriton 
Chincoteague E. 
Chincoteague W. 
Cobb Island 
Exmore 
Franktown 
Girdlenee 
Fisherman's Island 
Grent Machipongo I~let 
Quinby Inlet 
BloKem 
Hetomkin Inlet 
Nassdwadox 
Ship Shoal Inlet 
Tmmsend 
Wachaprengue 
Wallops Island 
Whittington Point 

TOTAL 

Appendix Table IV-a 

SUInInary Description by Ecological Type of 
Virginian Eastern Shore Tidal ~arsh 1/ 

(ac res) 

SEASIDE 

F~:P HEP LEP 

1035.7844 550.9415 234.1866 
369.1087 

3742.6159 425.9882 513.5993 
1046.7762 746.5285 840.5592 
6086.5377 482.6997 1298.6952 
5489.4733 

569.0081 834.7013 287.7134 
2561. 1984 

212.7179 
632.8187 134.3523 27.8604 
281. 5977 44.9768 

5402.2107 168.9623 265.0688 
2939.338 509.6233 1526.5648 
4322.8547 470.7526 153.9577 
4668.1163 1997.5298 1015.2796 

9.1827 5289.8324 
6J89.1124 124.5729 825.2061 

11791. 1226 967.2358 409.2283 
717.6031 508.7143 57.8512 

55749.4596 13257.4117 7668-;1+'885-

Total 

1820.9125 
N 
l-' 

369.1087 N· 

4682.2034 
2633.8639 
7867.9326 
5489.4733 
1691. 4228 

256.1984 
212.7179 
795.0314 
326.5745 

58)().2418 
4975.5621 
4947.565 
7680.9257 
5299.0151 
7338.8914 

13167.5867 
1284.1686 

76675.3598 



Appendix Table IV -a (continued) 

BAYSIDE 

Quadrang~.e REP MEP LEP Total 

Cape Charles 42.6959 42.6959 
Cheriton 193.8657 33.8842 227.7499 
Chesconessex 2438.6037 85.3994 2524.0031 
Crisfield 48.6593 4S.6593· 
Elliot I s Creek 115.9682 115.9682 
Ewell 988.3468 988.3468 
Exmore 49.5867 
Franktown 190.361 113.7646 304.1316 
Creat Fox Island 154.5635 154.5635 
Hallwood 431. 5791 659.5954 1091.1745 
Jamesville 698.0716 186.7033 884.7749 
Nandua Creek 335.4757 ,10.7126 16.8347 363.0230 
l'arksley 4602.9654 1178.4386 175.078 59S6~482 

Pungoteague 1349.2283 292.9199 152.7179 1794.8661 
Saxis 929.5774 4434.3246 936.0051 6299.9071 
Tangier Island 855.8032 855.8032 
Townsend 2.5253 32.5801 35.1054 

TOTAL 11893.5903 .7472.1702 2371.0807 21736.8412 

GRAND TOTAL 67673.05 20729.58 10039.57 98412.24 

11 Ecological Type is High Ecological Priority (HEP), Medium Ecologic Priority ~IEP) and Lo~ Ecological 
Priority (LEf). The criteria are biog~olog1cal, and are fully developed 1n thE text. 

N 
I-' 

v.> 
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planimeter method, the results were compared to the 1968 VIMS map­

ping which listed 84, 141 acres of tidal marsh in this area. As Appendix 

Table IV -a points out, there is a + 170/0 difference in techniques, the 

most recent survey being on the high side. Over half of the difference 

can be explained by four quadrangles: Chincoteague East and West, 

Cobb Island and Ship Shoal Inlet. The largest difference is Cobb Island 

with over a 5000/0 increase. An obvious pos sible answer to the devia-

tions is measurement error. However, in conversation with one of 

the supervisors of the 1968 survey, Marvin Wass, and VIMS marine 

geologist Carl Hobbs, extreme confidence was not placed in their total. 

One of the reasons given was essentially their technique using map grid 

overlays, which is relatively less accurate than the planimeter technique. 

Also, the operation was done rather quickly to provide information for 

the Virginia Wetlands Study Commission. Map construction error was 

also cited. The initial expectation was a figure much larger than their 

1968 one. Currently, a project is underway at VIMS to recheck the 

earlier mapping with a digital analyzer at the Langley, Virginia NASA 

base. 

The above discussion considers the reasons for errors, but the 

biggest part of the deviation was probably operator carelessness. Cobb 

Island is the best example, since over 4,500 acres were not accounted 

for. The precise total will not be available until the completion of on­

site VIMS surveys sometirne in 1976. 
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AN ECOLOGIC-ECONOMIC PERSPECTIVE FOR 
COASTAL ZONE MANAGEMENT 

by 

Jeff V. Conopask 

(ABSTRACT) 

The issue of land resource management has recently taken on 

meaning not previously associated with the term. Federal, state and 

local governrnents as well as highl y organized public and private groups 

have identified land resource rnanagement as a critical issue of this 

decade. Many existing private and public institutions are being chal 

lenged and new institutional arrangements are being forged to deal with 

land resource managernent issues. One of the rnost commonly recog-

nized critical land manage.ment areas is the narrow band of land and 

water known as the coastal zone. Although regional studies have dealt 

with one or more of these problern areas in the past, the intensi ve 

rnultiple use of this particular geographic area has focused attention 

on it from a multiple disciplinary vantage point. This study attempted 

to de.monstrate the usefulness of economic-ecological analysis in 

seeking solutions to the allocation of coastal zone resources to alterna-

tive uses. 



It was assumed that social efficiency was at least one important 

goal of society, and that other things equal, society would prefer an 

efficient solution to an inefficient one. Two rnodels, each exploring 

the impacts of this efficiency assumption, were used to examine results 

of both types of tidal wetland alteration. A static input-output model 

was mated with a matrix of direct environmental usage coefficients. 

The resulting .matrix of total environmental usage was then used to 

determine linkages between economic activity by sector and natural 

resource usage and effluent generation. The linear programITling 

analysis, using social valuation estimates of open access services 

(commercial fisheries, recreation, fowling, and erosion control) 

and a development tax to account for the remaining unpriced services 

(waste treatment, sedimentation and flood control, and fresh water 

aquifer protection) of wetlands explored the feasibility of determining 

an efficient allocation between preservation and alteration uses of 

tidal wetlands. 

The results of the input- output analysis suggest a variable effluent 

control strategy for effecting regional water quality goals. That is, 

in an economy where a few sectors dominate total production, it would 

be socially efficient to treat more intensively that effluent from those 

few sectors, and require less extensive treatment in other sectors. 

The results of the linear programming analysis suggest that even 

if a social valuation can be placed on open access wetland services, 



the following problems remain. The development alteration rent of a 

site will still be superior to the valuation of the aggregate preservation 

services. Since social costs do not equal private costs in this situation 

where other, unpriced but socially useful preservation services exist, 

the wetlands allocation is inefficient. 

Policy implications suggest a combination private-public sector 

involvement in land management for the coastal zone. The social 

efficiency criteria can provide a proxy allocation while the public 

sector will be required to develop new institutions to accomodate the 

appropriation/ compensation problem of the open access services of 

the tidal wetlands. 


