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ABSTRACT

Lake Chicot is  d iv id e d  by a levee in to  two bas ins , the high 
q u a li ty  northern  basin and the extrem ely p o llu te d  southern basin .

Water q u a li ty  in  the northe rn  basin o f  Lake C hico t is  d im in ­
ish in g  due to  s o i l  e ros ion . Costs fo r  a lte rn a t iv e  c o n tro l programs 
fo r  the seventeen fa re , 11,470 acre no rthe rn  watershed were e s t i ­
mated. Twenty-nine combinations o f  ro ta tio n s  and best management 
p rac tice s  were eva luated.

S o il loss can be reduced almost 25 percent from 4.2 tons per 
acre to  3.2 tons per acre , w h ile  inc re as ing  ne t re tu rns  to  farmers 
from $83.94 per acre to  $107.28 per acre by a lte r in g  present crop­
ping p a tte rn s . A p ro h ib it io n  on f a l l  p lowing would re s u lt  in  an 
average net re tu rn  o f $106.28 per acre and reduce average s o il  loss 
to  2.9 tons per acre. An average s o il loss r e s t r ic t io n  would be 
the most c o s t-e f fe c t iv e  p o lic y ,  exc lu s ive  o f  a d m in is tra tiv e  cos ts .

B ene fits  o f  erosion co n tro l were estim ated by the d iffe re n c e  
between the value o f re c re a tio n a l p a r t ic ip a t io n  on the northe rn  
basin and the value fo r  the southern basin . Contro l programs 
were h ig h ly  c o s t-e f fe c t iv e .

D esc rip to rs : A rkansas/*S o il Erosion/W atershed Management/Farm 
Management/*Soil Conservation/*Lake B asins/Surface 
Water/*Economic F e a s ib il i ty /* C o s t-B e n e f it  A n a ly s is / 
*R ecreation Demand
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INTRODUCTION

The o b je c tiv e s  o f  th is  study are th re e fo ld . F i r s t ,  to  de­

term ine the costs th a t w i l l  be in cu rre d  by farmers o f the North 

Lake Chicot Watershed to  implement a lte rn a t iv e  Best Management 

P ractices to  decrease sediment ru n o ff .  These costs are measured 

as reductions in  ne t income associa ted w ith  a s p e c if ic  reduction  

in  s o i l  lo ss . Second, to  determ ine the  b e n e f its , p r im a r i ly  re ­

c re a tio n a l b e n e f its ,  a t t r ib u ta b le  to  a s o il e ros ion  c o n tro l p ro­

gram designed to  p ro te c t the  re c re a tio n a l v i a b i l i t y  o f  the  northern  

basin o f  Lake C h ico t. T h ird , to  compare the present va lue o f 

b e n e fits  to  the present va lue o f  costs to  determ ine i f  a lte rn a ­

t iv e  erosion co n tro l programs can be es tab lished  as an econom ically 

ju s t i f ia b le  investm ent. These o b je c tiv e s  were achieved in  f u l l .

Lake C h ico t, a 5 ,025-acre oxbow lake created by the ancien t 

meandering o f  the M is s is s ip p i R ive r, is  loca ted near the town o f 

Lake V illa g e  in  Chicot County o f  southeastern Arkansas. Today the 

lake is  separated in to  a no rthe rn  basin o f  1,154 acres and a south­

ern basin o f  3,871 acres by a levee m aintained by the  Arkansas 

Game and Fish Commission. The e n t ire  lake once o ffe re d  e x c e lle n t 

f is h in g  and re c re a tio n a l b e n e f its . But w ith  ch a n n e liza tio n  in  

the drainage basin and f in a l  c losu re  o f  the Cypress Creek gap 

along the M iss iss ip p i R iver levee in  1920, drainage and flo o d  

waters from approxim ate ly 350 square m iles o f  a g r ic u ltu ra l land 

were d iv e rte d  in to  Connerly Bayou and thus , u lt im a te ly ,  in to  Lake 

C hicot.
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Feeling tha t the en tire  lake would become too polluted to 

support recreation, the Arkansas Game and Fish Commission con­

structed the ex is ting  levee across the lake ju s t above the point 

at which Connerly Bayou enters. This re s tr ic te d  the Bayou's s i l t ­

laden input to only a portion (the southern basin) o f the overall 

lake. The resu lting  impact on the southern basin was to increase 

greatly  i t s  s i l t  content, tu rb id ity ,  and pesticide load, and dras­

t ic a l ly  diminish the recreational benefits tha t th is  portion of 

the lake was capable o f providing.

By contrast, the northern basin o f Lake Chicot has remained, 

u n til most recently , qu ite clean, and free o f s ig n ific a n t amounts 

o f pesticides. This part o f the lake has long been thought o f as 

a q u a lity  recreational resource boasting a fine  sport fishe ry  and 

a beautifu l state park. During the past ten years, however, users 

have begun to notice increasing tu rb id ity  which has been a ttrib u ted  

to the yearly input o f an estimated 32,323 tons o f sediment from 

the surrounding 11,470-acre watershed1. Ninety-seven percent o f 

th is  sediment is  produced by sheet and r i l l  erosion from 10,190 

acres of cropland w ith in  the watershed. I t  has been suggested 

tha t unless improved erosion control measures are implemented on 

the farmlands a ffec tin g  the northern basin, the water q u a lity  o f 

th is  portion o f the lake w i l l  become lik e  tha t o f the southern 

basin with a corresponding loss in recreational benefits.
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The Conservation D is tr ic t ,  in  cooperation w ith U. S. Soil 

Conservation Service, is  considering such an erosion control pro­

gram. Their proposal, consisting o f technical assistance and gov­

ernment subsid iza tion, is  directed toward encouraging farmers to 

adopt be tte r so il conservation practices (6 ). Since the financing 

o f th is  p ro ject would be accomplished w ith  public monies, i t  is  

essential tha t the pro ject be analyzed, a t least in pa rt, on the 

basis o f whether or not the expected social benefits warrant the 

costs. I f  the bene fit-cost ra t io  (b /c) is  not greater than one, 

public investment in the pro ject would be economically question­

able. While th is  e ffic ie n cy  c r ite r io n  is  not the only basis upon 

which public pro jects should be judged, i t  nevertheless has to be 

o f major concern to taxpayers and decision makers.

Research Procedures :

A lin e a r programming model was used to address the f i r s t  ob­

je c tiv e . A whole farm planning model was constructed to simulate 

conditions ex is ting  in the North Lake Chicot watershed. This in ­

cluded the spec ifica tion  o f a lte rn a tive  crop ro ta tion s , t i l la g e  

methods, and so il conservation practices. This required the e s t i­

mation o f erosion rates resu lting  from d iffe re n t management prac­

tice s . An in i t ia l  run depicting the current s itu a tio n  provided 

estimates o f the current levels o f net farm income and so il loss 

fo r  the watershed. The model was then rerun to determine the

- 3 -



maximum net income availab le and i ts  resu lting  so il loss. Soil 

loss re s tr ic t io n s  were then imposed and the resu lting  loss in net 

farm income associated w ith each level o f control was estimated.

Both per acre so il loss and average watershed so il loss re s tr ic tio n s  

were examined. The resu ltin g  loss in net income can be used as 

a guide in establish ing levels o f subsidization required to imple­

ment the BMPs.

Objective (2 ), determining the increase in the value o f North 

Lake Chicot resu lting  from decreases in sediment in flow , was ac­

complished through use o f the in d ire c t method o f recreational de­

mand estimation. This allowed the estimation o f the demand fo r 

and value of recreation at Lake Chicot.

I t  had been predicted tha t w ithout an erosion control pro­

gram, the water q u a lity  o f the northern basin o f Lake Chicot 

would approach tha t o f the southern basin. Correspondingly, i f  

th is  were to happen, the value o f recreational benefits which users 

extract from the northern basin would also decrease to the level 

o f recreational benefits users derive from the southern basin.

Since the purpose o f an erosion control program would be to pre­

vent th is  from occurring, the value o f the benefits o f such a pro­

gram would approximate the present value o f recreational benefits 

o f the northern basin minus the present value o f recreational bene­

f i t s  o f the southern basin. The in d ire c t method was employed to 

determine these values.
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The in d ire c t method determines an in d iv id u a l's  valuation of 

a recreational resource or his w illingness to pay in d ire c t ly  by 

examining what he ac tua lly  does pay to obtain the resource. These 

costs are composed o f transporta tion costs, time costs during trav­

e l,  variable onsite costs, etc. By knowing these costs, co l­

le c tiv e ly  known as trans fe r costs, coupled with the number o f days 

an ind iv idua l takes in recreation at a p a rtic u la r s ite ,  a demand 

curve can be derived. Estimates of the value o f the recreation 

at the lake can then be made from th is  demand curve.

Demand equations were developed re la tin g  hours per v is i t  to 

trave l cost, onsite cost, income, investment in recreational equip­

ment, number o f v is its  per year, number in party, and age. These 

equations were developed fo r both basins o f the lake using unag­

gregated data via m ultip le  least squares regression. When best- 

f i t  equations were developed, the mean values o f a ll independent 

variables except onsite cost were inserted in to  the equations and 

m u ltip lied  by th e ir  regression co e ffic ie n ts . Onsite cost served 

as the relevant price proxy since i t  is  variable with respect to 

length o f v is i t  whereas trave l cost is  esse n tia lly  fixed . By a l­

lowing onsite cost to vary, demand curves fo r the average recrea­

tiona l group in each basin were formed, enabling the estimation 

o f the average consumer's surplus value fo r each group in each 

basin. These values were m u ltip lied  by the number o f groups in 

each basin to develop basin consumer estimates. F in a lly , the

-5-



recreational value o f the southern basin was subtracted from therecreational value o f the southern basin was subtracted from the 

recreational value o f the northern basin to obtain the lim it in g  

case erosion control program bene fit. The th ird  ob jec tive , to 

determine the economic fe a s ib i l i ty  o f a lte rn a tive  so il erosion 

control programs, was met through the use o f bene fit-cost analysis. 

A f i f t y  percent reduction in sediment de live ry  was assumed to be 

necessary to maintain the water q u a lity  in the northern basin o f 

Lake Chicot. The annual cost o f each program to meet th is  c r i ­

te r ia  was estimated as the decrease in net revenue resu ltin g  from 

the implementation o f the program. The present value o f costs 

was determined assuming a pro ject l i f e  o f 50 years and a discount 

rate o f 7 3/8 percent.

The present value o f benefits were estimated assuming in i ­

t ia l  benefits would be zero and grow to equal the lim it in g  case 

benefit over a period o f 20 years. In the remaining years of the 

program the f u l l  l im it in g  case bene fit was used. The present 

value of benefits was determined using a pro ject l i f e  o f 50 years 

and a discount rate o f 7 3/8 percent.

I f  the present value o f benefits exceeded the present value 

o f costs the program was considered economically feas ib le .

- 6-



COST ESTIMATION

Erosion Rates Resulting from D iffe re n t Management A lte rn a tive s :

Erosion in the north Lake Chicot watershed was determined 

through the use o f the Universal Soil Loss Equation (USLE)

(Wischmeir and Smith, 8). This equation uses s ix  physical para­

meters to estimate the amount o f gross so il loss. The equation 

appears as: A = R x K x L S x P x C

where A = Computed so il loss in  tons per acre per year (TAY)

R = ra in fa ll / ru n o ff fa c to r 

K = so il e ro d ib il i ty  fa c to r 

LS = slope length/steepness fac to r 

P = support practice fac to r 

C = cover/management fac to r

The ra in fa l l/ ru n o f f  fa c to r (R) quan tifies  the e ffe c t o f ra in ­

drop impact and provides inform ation on the re la tiv e  amount and 

rate o f runo ff l ik e ly  to be associated w ith the ra in . The nu­

merical value fo r  th is  fa c to r in  the Lake Chicot area was deter­

mined to be 355 (8).

The s o il e ro d ib il i ty  fa c to r (K) quantifies the natural sus­

c e p t ib i l i ty  o f d iffe re n t so il types to  erode. Although the Soil 

Survey fo r  the cropland o f Chicot County indicates th a t nine so il 

types are present in the study area, w ith respect to the USLE they 

were grouped in to  three main categories: 1) clay s o ils  w ith a K 

fac to r o f 0.24 (5,184 acres); 2) loam so ils  having a K fa c to r o f 0.32 

(1,137 acres); and 3) loam so ils  with a K fac to r o f 0.37 (3,869 acres).

-7-



Topographic considerations a ffec tin g  erosion ra te , essen­

t ia l l y  steepness and length o f slope, were combined in to  one fac­

to r (LS). Within the study area, topography is  re la t iv e ly  un i­

form with an average slope of 0.25 and an average length of slope 

equaling 250 fe e t, y ie ld in g  LS value of 0.09.

Support practices such as contouring, stripcropp ing, and 

terracing slow water runoff and reduce the amount o f so il the 

water can carry. The support practice fac to r (P) is the ra tio  

o f the so il loss while employing a spec ific  support practice and 

the so il loss resu lting  from up and down slope c u ltiv a tio n . 

Effectiveness o f runo ff retarding practices diminishes as land 

slope decreases. This was esse n tia lly  the case fo r the lands in 

the study area, which yielded a P value o f 1.0. Therefore, these 

practices were not considered fu rth e r.

The factors o f the USLE presented thus fa r have been la rge ly  

outside the control o f man in reducing erosion in the north Lake 

Chicot watershed. The cover and management fac to r (C), however, 

can be read ily  a ltered by adopting various crop ro ta tions in com­

bination with d iffe re n t management practices, and thus serves as 

a major concern fo r  th is  phase o f the study. Essentia lly  th is  

fa c to r is  the ra tio  o f so il loss from cropland under spec ific  con­

d ition s  to the corresponding loss from clean t i l le d ,  continuous 

fa llow . Actual so il loss from cropland depends on usage o f cover 

crops, crop sequence (ro ta tio n s ), management practices ( fa l l  plow,
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spring plow, n o - t i l l ) ,  as well as the p a rticu la r stage o f growth 

and development o f the vegetative cover a t the time o f ra in . 

C-values fo r  a ll log ica l combinations o f ro ta tions and management 

practices were calculated using the method described by Wischmeier 

and Smith (8). These calculated C-values were substitu ted , along 

with the other fac to r values discussed above, in to  the USLE to 

estimate annual gross so il loss fo r  a l l rotation-management prac­

t ic e  combinations.

The predominant crops grown in the study area include cotton 

and soybeans, w ith s ig n ific a n t acreage devoted to r ice  and wheat 2. 

In 1979, rice  ro ta tions existed fo r clay so ils  only because the 

ir r ig a t io n  needed fo r r ice  production was ava ilab le  only to the 

clay so ils  o f the watershed. Soil loss and net return ca lcu la tions 

fo r the rotation-management combinations on clay so il are presented 

in Table 1. Table 2 summarizes th is  information fo r the loam so il 

o f the watershed. The estimates presented in these tables repre­

sent the gross so il movement associated w ith various ro ta tio n - 

management combinations. I t  should be emphasized tha t actual sed­

iment input to the northern basin is  only some fra c tio n  o f gross 

so il loss, since a great deal o f eroded sediment is  deposited in 

grassed and depressed areas and at the toe o f the f ie ld .  The 

calculated sediment de livery ra t io  fo r  the northern basin watershed
3

was estimated to be 0.223 .

-9-



Linear Programming Analysis:

To determine least cost strategies leading to various levels 

o f erosion reduction, an adaptation o f a whole farm planning model 

was employed (2). As a lin e a r programming technique, th is  model's 

objective is  to maximize farm p ro f it  before taxes (net revenues), 

subject to constraints upon land, labor, time, machinery, and a l­

lowable erosion. This is  accomplished through the mathematical 

selection o f optimal and feasib le rotation-management practice 

combinations.

Even though the watershed fo r the northern basin o f Lake 

Chicot is  composed o f 18 farms, in part or in whole, fo r purposes 

of lin e a r programming analysis the en tire  watershed (equipment 

complement, land, e tc .) was considered as one farm. This is  va lid  

since the model does not adjust fo r the advantages tha t would be 

associated with economies o f scale. Thus, to ta l p ro f it  found in 

th is  manner is  not s ig n if ic a n tly  d iffe re n t from tha t found by eval­

uating each farm separately.

Because o f the current lack of ir r ig a t io n  equipment in the 

watershed the model was constrained to a maximum of 160 acres of 

r ice  production each year. N o - t i l l  soybeans were considered in 

the model only when fo llow ing wheat. Weed problems in the study 

area associated with n o - t i l l  production have severely lim ited  its  

adoption.

- 10-



Table 1. Net Returns and Soil Loss fo r Each Rotation on Clay Soils

(TAY - Tons/Acre/Year)

Rotation1
Soil Loss(K=.24) Net Returns

TAY Rank $/Acre Rank

Pasture
R,S,W/S; CC & N-T
R, S,W/S; N-T
S, W/S; CC & N-T 
R,S,W/S; CC 
W/S
C,S,W/S; CC & N-T

R, S, W/S; SP
R, S,S; CC
S, W/S; N-T 
C,S,W/s; CC 
C,C,C; CC 
R,S,S; SP
R, S,W/S; FP

C,S,W/S; N-T
S, S, S; CC 
C,S,; CC 
C,S,S; CC 
C,S,W/S; SP 
C,C,C; SP 
S,S,S; SP

R,  S, S; FP 
C,S,W/S; FP 
C,S; SP 
C,S,S; SP
S, S,S; FP 
C,S,S; FP 
C,C,C; FP 
C,S; FP

0.1
1.2
1.4
1.5
1.5
1.5
1.6

1.7
1.8 
1.8 
2.0 
2.0 
2.1 
2.2

2.3
2.3
2.4
2.4
2.7
2.8 
2.8

2.9
3.3
3.3
3.3
3.5 
3.8
4.0
4.0

1
2
3
4 
4 
4
7

8 
9 
9

11
11
13
14

15 
15 
17 
17
19
20 
20

22
23
23
23
26
27
28 
28

7.88
75.62
79.13 
52.08
95.14 

113.55
67.36

101.81
86.51
48.88
78.82
54.81
89.44

103.22

69.16
54.76
72.67
70.03
86.23 
63.49 
57.78

89.60
87.55
78.40
75.01
57.62 
74.75
63.23
79.36

29
14 
11
27
4 
1

20

3
8

28 
12
25 
6 
2

19
26
17
18 
9

21
23

5 
7

13
15
24
16 
22 
10

1R, Rice: C, Cotton; S, Soybean; W/S, Wheat/Soybean Double crop, 
FP, Fall Plow; SP, Spring Plow; CC, Cover Crop, N-T, "N o -T ill."

- 11 -



Using 1979 prices fo r  a l l relevant inputs and products, plus 

current crop y ie ld  estimates fo r  the d iffe re n t rotation-management 

practice combinations, 13 a lte rna tive  erosion control plans were 

evaluated fo r net returns and erosion rates. Of these 13 plans, 

two were baseline s itu a tio n s ; 1) the actual 1979 cropping pattern 

in the watershed, and 2) the cropping pattern resu lting  in maxi­

mum farm income. The remaining 11 a lte rna tive  plans were viewed 

w ith regard to the second baseline s itu a tio n .

Three o f the plans considered the effectiveness o f consistent 

c u ltiv a tio n  practices by a l l watershed farmers. These included fa l l  

plow only, spring plow only, and cover crops. In the f a l l  plow 

plan, the lin e a r programming model maximized net return using only 

those ro ta tions designated as " fa l l  plow." The spring plow and 

cover crop plans were constrained s im ila r ly .

Three other plans assessed the impact o f absolute annual so il 

loss re s tr ic tio n s  on a per acre basis. E ssentia lly , these plans 

simulated a d ire c t regulation requiring farmers to reduce so il 

loss on each and every acre below the designated levels (5 tons 

per acre (TAY) l im it ,  4 TAY l im it ,  and 3 TAY l im it ) .  Rotation- 

management practice combinations y ie ld in g  a so il loss greater than 

the designated level were elim inated from consideration.

An a lte rna tive  to the absolute so il loss re s tr ic t io n  approach 

is  an average so il loss re s tr ic t io n  which could be enforced through 

a subsidy or taxing program. Here a to ta l loss l im it  fo r  the en tire
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Table 2. Net Returns and Soil Loss fo r Each Rotation on Loam Soils

(TAY - Tons/Acre/Year)

Rotation1
Soil Loss

Rank
Net Returns

TAY(K=.32) TAY(K=.37) $/Acre Rank

Pasture
S,W/S; CC & N-T 
W/S
C,S,W/S; CC & N-T 
S,W/S; N-T

C,S,W/S; CC 
C,C,C; CC 
S,S,S; CC 
C,S, W/S; N-T 
C,S,S; CC

C,S,; CC 
C, S,W/S; SP 
C,C,C; SP 
S,S,S; SP 
C,S; SP

C,S,S; SP 
C,S,W/S; FP 
S,S,S; FP 
C,S,S, FP 
C,C,C; FP 
C, S; FP

0.1
2.0
2.0
2.1
2.4

2.7
2.7
3.1
3.1
3.2

3.2
3.6
3.7
3.7
4.4

4.4
4.4 
4.6
5.0
5.0
5.0

0.1
2.2
2.2
2.4
2.7

3.1
3.1
3.6
3.6
3.7

3.7
4.1
4.3
4.3
5.1

5.1
5.1
5.3
5.7
5.8
5.8

1
2
2
4
5

6 
6 
8 
8

10

10
12
13
13
15

15
15
18
19
20 
20

7.88
66.58

142.02
95.56
67.77

133.66 
146.55
68.23

110.87
110.19

127.91
135.25 
158.06
71.12

133.26

115.42
135.36
71.60

116.21
158.12
133.67

21
20
4

15 
19

8
3

18
13
14

10
6
2

17
9

12
5

16 
11
1
7

1R, Rice; C, Cotton; S, Soybean; W/S, Wheat/Soybean Double crop, 
FP, Fall Plow; SP, Spring Plow; CC, Cover Crop; N-T, "No T i l l . "
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watershed is  established by m u ltip ly ing  the desired average 

so il loss per acre by the number o f acres o f cropland in the 

watershed (2.5 TAY average, 2.0 TAY average, 1.5 TAY average, 

and 1.0 TAY average). Under the four plans representing th is  

concept, no rotation-management practice combination was neces­

s a r ily  elim inated from consideration.

The f in a l erosion control plan evaluated in the lin e a r 

programming analysis was tha t proposed by the Soil Conservation 

Service. B r ie fly  th is  plan ca lls  fo r  federal cost sharing of 

s ix  best management practices (BMPs) a t the levels indicated in 

Table 3. In addition the SCS plan encourages adoption of m in i­

mum t i l la g e  and conservation cropping systems. These practices, 

though, would not be e lig ib le  fo r  federal cost sharing. However, 

they were considered fo r adoption in the model when evaluating 

the SCS plan.

Linear Programming Results:

The resu lts  o f modeling the north Lake Chicot watershed 

are presented in Table 4. Column two shows the average maxi­

mum net return per acre fo r  each plan, while column three in d i­

cates the accompanying so il loss in tons per acre per year. The 

fourth and f i f t h  columns e x h ib it percent reductions in net re­

turns and so il loss, respective ly, when compared to maximum pos­

s ib le  returns (s itu a tio n  one). F in a lly , column s ix  indicates 

the estimated amount o f sediment in tons per year entering the
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Table 3. Soil Conservation Service "Best Management Practices" 
and Costs

Best management 
practices Unit

No. o f 
un its Est. u n it cost

Pipe drops 
Drop in le ts  
F il te r  s tr ip s  
Sediment basins 
Grass waterways 
Cover crops

Number
Number
Acres

Number
Acres

Acres/year

145
5

100
2

10
10,000

$1,088
$12,000

$80
$20,000

$500  
$21.46 r ic e 1  
$17.51 soybeans1

1Cover crop cost represents the additional cost incurred by the 
farmer from cover crop use but does not include any in d ire c t 
benefits from improved so il f e r t i l i t y  or humus content.
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Table 4. Model Results

S ituation
Net Returns 

Per Acre
Average
Soil
Loss

% reduction o f Estimated
Net

Returns
Soil
Loss

Sediment 
Entering Lake

1 Max returns
2 Fall plow only
3 Spring plow only
4 Cover crop only
5 2.5 TAY average
6 2.0 TAY average
7 1.5 TAY average
8 1.0 TAY average
9 5 T/A l im it

10 4 T/A l im it
11 3 T/A l im it
12 1979 actual
13 SCS plan

$/acre
107.28 
106.77
106.28 
103.57 
106.56 
103.12
98.83
86.88

106.68
105.22
97.54
83.94
99.99

TAY
3.2 
3.6
2.9
2.3
2.5 
2.0
1.5 
1.0
2.9
2.5
2.6
4.2
2.3

.5

.9
3.5

.7
3.9
7.9 

19.0
.6

1.9 
9.1

21.8
6.8

-14
9

28
22
38
53
69
9

22
19

-31
28

Tons/year
7646
8543
6974
5674
6077
4956
3835
2714
6974
6077
6145
9898
5539
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4
northern basin o f Lake Chicot. The Soil Conservation Service's 

estimate fo r  the amount o f sediment entering the northern basin 

in 1977 was 32,323 tons, while th is  study estimated tha t in 1979 

only 9,898 tons o f sediment entered the basin. Differences in 

the factors used in the Universal Soil Loss equation explain 

th is  large divergence. For example, the sediment de live ry  ra t io  

used in th is  study was calculated to  be 0.22, whereas the SCS 

developed a sediment de live ry  ra t io  o f 0.42 fo r  the e n tire  Lake 

Chicot watershed and then applied th is  to the watershed o f the 

northern basin. Differences in length o f slope and percent slope 

also contribute to the divergence. The Universal Soil Loss 

equation factors used in th is  study were more sp e c ific  to the 

northern basin watershed than those used by the SCS.

I t  can be seen tha t the 1979 actual s itu a tio n  has a higher 

so il loss and a lower net return than the maximum return s itu a tio n . 

Thus i t  would be possible not only to reduce so il loss but also 

to increase farm income by changing from current production 

practices. An intensive educational program tha t informs farmers 

about the income advantages o f a lte rn a tive  crop ro ta tions could 

achieve th is  end. The so lu tion fo r  maximum returns shows the 

land use in the watershed to be as fo llow s;

1619 acres-continuous cotton; f a l l  plow; loam so ils  

846 acres-cotton, soybeans; f a l l  plow; loam so ils

2122 acres-cotton, soybeans, wheat/soybeans; spring 
plow; loam so ils
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4645 acres-wheat/soybeans; clay so ils

217 acres-cotton, soybeans, wheat/soybeans; f a l l  
plow; clay so ils

480 acres-rice , soybeans, wheat/soybeans; f a l l  plow; 
clay so ils

261 acres-continuous soybeans; spring plow; clay so ils  

Fall plow ro ta tions enter the maximum net returns solutions be­

cause of a lim ita t io n  on the machinery complement o f the study 

area. This lim ita t io n  resu lts  in a shortage o f hours availab le 

in the spring fo r t i l l i n g  and p lan ting , forc ing the model to 

select some ro ta tions tha t begin land preparation in the f a l l .  

Unfortunately, f a l l  plowing leaves the land bare during the en­

t i r e  w in ter, resu lting  in a greater amount o f erosion than does 

spring plowing. The machinery complement lim ita t io n  is  an im­

portant fac to r when considering the average so il loss re s tr ic t io n .

The information o f Table 4 is  graph ica lly  displayed in 

Figure 1 where changes in so il loss are expressed both as tons 

per acre year and percent reduction from the so il loss associated 

w ith maximum returns.

Curve A in Figure 1 represents the minimum cost at which 

a reduction in so il loss can be achieved. This curve, composed 

o f the average so il loss re s tr ic t io n  plans, should be used in 

estimating the relevant social costs fo r a given level o f so il 

loss reduction. Points representing the various absolute so il
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loss re s tr ic tio n s  also are indicated. Note tha t the cost o f 

the 3-ton per acre per year l im it  is  greater than o f the 4-ton 

per acre per year l im it  with no s ig n ific a n t decrease in so il loss.

The point representing the Soil Conservation Service pro­

posed plan (SCS) indicates tha t the same amount o f so il loss

reduction (29%) could be accomplished at a lesser cost by in i ­
5

t ia t in g  an average so il loss re s tr ic t io n . The cost fo r  the SCS 

plan is  estimated to be approximately $356,400 over a five-year 

period, not including adm inistrative costs. However, only 36 

percent o f th is  expenditure is  scheduled fo r management prac­

tices  designed to control sheet and r i l l  erosion, although sheet 

and r i l l  erosion from cropland are estimated to contribute 99 

percent o f the sediment entering the northern basin o f Lake 

Chicot. Field evaluation w il l  be required to determine i f  fed­

eral monies used fo r such a plan would be cost e ffe c tive .

Model resu lts  show tha t farmers in the study area are fa r 

from maximizing returns. Table 4 indicates tha t net returns 

could be increased by 28 percent, from $83.94/acre to $107.28/acre, 

by changing cropping practices. This would also re su lt in a de­

crease in so il loss. Even the most re s tr ic t iv e  s itua tion  con­

sidered, 1.0 TAY average, has a greater net return than the 

1979 actual s itua tion  and resu lts  in a so il loss reduction of 

76 percent.
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The reason farmers in the north Lake Chicot watershed are 

not maximizing return may be due to : a) a lack o f information 

o r, b) objectives other than p ro f it  maximization. Such a lte r ­

native management objectives may include maximizing le isu re  or 

minimizing r is k . In the wheat-soybean double crop ro ta tio n , 

fo r  example, net returns are high and so il loss is  low; un­

fo rtun a te ly , th is  ro ta tion  has a higher p ro b a b ility  o f crop 

fa ilu re  and greater management requirements than does single 

cropping.

Once the maximum net returns s itu a tio n  has been reached, 

the most cost e ffe c tive  program fo r  reducing so il loss would be 

an average so il loss re s tr ic t io n . This could be implemented 

through a per u n it charge or a subsidy. A 1.5 TAY average so il 

loss re s tr ic t io n , fo r  example, resu lts  in a 53 percent reduction 

in so il loss w ith only a 7.9 percent reduction in net returns, 

compared to the maximum returns s itu a tio n . A 3 T/A l im it ,  on 

the other hand, resu lts  in only a 21 percent reduction in so il 

loss with a 9.1 percent reduction in net returns.

Thus reduction in so il erosion and sediment de live ry  to 

Lake Chicot from the north Lake Chicot watershed is  feas ib le  at 

re la t iv e ly  low cost depending on the regulatory technique used 

to implement the program. The value o f benefits to be derived 

from erosion control w i l l  now be examined.
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BENEFIT ESTIMATION

The objective o f the benefit estimation phase was to ap­

proximate the recreational benefits resu lting  from an erosion 

control program designed to at least maintain the present water 

q u a lity  and recreational v ia b i l i t y  o f the northern basin.

I t  was assumed tha t in the absence of an erosion control 

program the water q u a lity  o f the northern basin would, over 

time, degrade to tha t o f the southern basin and the northern 

basin recreational benefits also would diminish to the value 

of the recreational benefits derived from the southern basin. 

Since the main purpose o f an erosion control program would be 

to prevent th is  from occurring by at least maintaining the pre­

sent water q u a lity  le ve l, the value o f the benefits fo r the 

program in any p a rticu la r year would be the d ifference between 

the recreational value o f the northern basin in tha t year and 

the lesser value tha t would have occurred had the program not 

been undertaken. A lim it in g  case benefit would occur at the 

point when the northern basin recreational value would have 

fa lle n  to ju s t equal the current recreational value o f the 

southern basin. The magnitude o f the benefit in tha t year 

would simply be the difference between the current value o f the 

northern basin and the current value of the southern basin.
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This lim it in g  case benefit was o f prime importance since, 

once i t  was derived, any reasonable scenario concerning the 

rate a t which the water q u a lity  o f the northern basin would de­

te rio ra te  may be used to model the flow o f benefits through 

time as a re su lt o f program adoption. Benefits to landowners 

adjacent to the lake and to other po ten tia l users also may re­

s u lt from an erosion control program, but estimating these sec­

ondary benefits was beyond the scope o f th is  study.

To a rrive  at the lim it in g  case benefit i t  was necessary 

f i r s t  to estimate the current recreational values o f both basins. 

This was not a simple task, since outdoor public recreation has 

no well defined market p rice . One simply cannot purchase f iv e  

un its o f camping from the corner store as he would a multitude 

o f other goods and services. Therefore, over the years a num­

ber o f techniques have been used to deal w ith th is  nonpecuniary 

com plication.6 The outgrowth o f these techniques, the in d ire c t 

method, is  presently the accepted method fo r  estimating recrea­

tiona l value.

Even though outdoor public recreation has no well defined 

market p rice , i t  nevertheless is  not a costless pu rsu it. 

Recreationists do have to pay a "p rice " in  the form o f trave l 

expenses, onsite variab le expenses, token entrance fees, foregone 

wages, etc. The in d ire c t approach uses these actual expenses 

borne by the re c re a tio n is t as an ind ica tion  o f his w illingness
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to pay. By observing the "p rice" and length o f stay fo r a 

large number o f recreating groups i t  is possible to derive an 

average pa rty 's  demand curve fo r  the recreational s ite . As 

the price o f recreation increases we note tha t the quantity de­

mand declines. From th is  curve i t  is  possible to establish mea­

sures o f recreational value.

The in d ire c t method avoids many o f the biases encountered in 

other value estimation techniques and is  therefore the most 

re lia b le  method o f recreational value estimation curren tly  a v a il­

able. The in d ire c t approach, as modified by Gibbs (3) in his 

Klamath Lake study, was chosen fo r th is  analysis.

The measure o f recreational value selected fo r th is  study 

is  known as the consumer's surplus. The basic argument behind 

the consumer's surplus is  tha t every consumer has a price tha t he 

would be w ill in g  to pay to avoid having to do without a certa in 

commodity. Often the price he ac tua lly  has to pay is  less than 

the price he would have been w ill in g  to pay. The d ifference be­

tween these two prices is in a real sense a net benefit to that 

consumer. I f  his net benefit were added to the net benefits 

gained by a ll other consumers of the commodity, a measure of the 

commodity's value could be established. Since the demand curve, 

by d e fin it io n , indicates what individuals would be w ill in g  to pay, 

consumer's surplus in geometric terms is  merely the area above
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the price ac tua lly  paid and below the demand curved.7 Given th is ,  

the recreational value o f each basin o f Lake Chicot was found by 

m ultip ly ing  the consumer's surplus o f the average party fo r  a 

v is i t  to each basin by the respective number o f basin v is i ts  per 

year.

Sampling Design:

Since detailed data on rec re a tio n is t expense and usage were 

nonexistent, i t  was necessary to survey the Lake Chicot user 

population. During the summer o f 1980, via random onsite per­

sonal in terviews, 96 groups were questioned. From th is  pre­

sample i t  was determined s ta t is t ic a l ly  tha t a to ta l sample size 

o f 385 parties would be required. To obtain the remaining 289, 

a mail survey o f users was undertaken. Names o f recrea tion is ts  

who had v is ite d  the lake from October 1979, to September, 1980, 

were chosen randomly from State Park records. Of the 470 ques­

tionnaires mailed, 283, or 60.2 percent, were eventually re-
g

turned in usable form.

To investigate the p o s s ib ility  tha t nonresponse bias a f­

fected the in te g r ity  o f the sample, a random 10 percent o f the 

nonresponding portion o f the mail survey group was questioned by 

phone. I t  was determined s ta t is t ic a l ly  tha t the responses given 

by those not responding o r ig in a lly  were not s ig n if ic a n tly  d i f fe r ­

ent from those given by parties responding to the questionnaire.
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In addition to information about rec re a tio n is t expenses 

and usage, information was collected concerning other economic­

a lly  important factors tha t could a ffe c t the demand fo r recrea­

tio n .

Analysis o f Empirical Models:

Computer analysis o f models by m ultip le  least squares re­

gression was accomplished through the use o f the General Linear 

Models procedure o f the S ta tis t ic a l Analysis System at the

U niversity o f Arkansas. Models using both the lin e a r and the
g

cu rv ilin e a r form o f the dependent variab le Y were tested. The 

cu rv ilin e a r form produced the best p red ic tive  re su lts , only 

those models using the cu rv ilin e a r form o f the dependent v a r i­

able are presented here. The general theore tica l model can 

thus be w ritte n :

Z = f(X 1, X2, X3, X4, X5, X6, X7)

Where: Z = natural log of length o f stay

X1 = trave l cost; X2 = onsite cost 

X3 = income; X4 = investment 

X5 = v is i ts  per year; X6 = number in party 

X7 = age

The determination o f trave l cost (X1) was lim ited  to those 

expenses ac tua lly  incurred by a party on th e ir  way to and from 

the lake. In the m ajority  o f cases the pa rty 's  t r ip  was to re-
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create at Lake Chicot s p e c if ic a lly . For some pa rties , however, 

the v is i t  was merely a side stopoff on a much longer journey.

In such s itu a tio n s , trave l cost was calculated as only the ex­

penses the party incurred to go out o f th e ir  way to v is i t  the 

lake. Obviously a major component o f trave l cost was gasoline 

expense. In add ition , however, expenses included food and bev­

erages, lodging, souvenirs, and entertainment. Food and beverage 

expenses were those above and beyond what the party would have 

consumed over the same time period had they elected to stay at 

home (6). Total trave l cost was found by summing the above ex­

penses. Economic theory would indicate tha t trave l cost should 

a ffe c t length o f v is i t  in a pos itive  manner.

Onsite cost (X2) was lim ite d  to those expenses groups in ­

curred while ac tua lly  recreating at the lake. This included such 

items as food and beverage, camping fees, boat re n ta l, boat operation, 

b a it, camping equipment re n ta l, camera supplies, minor equipment re­

p a ir, onsite auto milage, souvenirs, entertainment, etc. In addition 

th is  study included in onsite cost any wages or income foregone by 

members o f the recreating group ( i f  a group was on a paid vacation 

th e ir  opportunity cost was simply zero). As before, food and beverage 

expenses were those above and beyond what the party would have incur­

red had they elected to remain at home (6). A fte r summing a ll these 

expenses, the resu lting  to ta l variable cost was divided by the length 

o f v is i t  to y ie ld  onsite cost per hour. This variable was used
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as the proxy fo r  price in regard to number o f hours per v is i t .

I t  was expected tha t a negative e ffe c t would be shown.

Income (X3) was obtained through a question requesting 

tha t the respondent indicate to which o f a number o f income 

categories his fam ily belonged. The 16 categories ranged from 

$0 to $43,000 and above. This approach was adopted in the hope 

o f minimizing non-response. For analysis, the midpoint o f the 

chosen range was taken as the approximate fam ily income. I t  

was expected tha t income would have a pos itive  e ffe c t on length 

of v is i t ,  or tha t the higher the income, the greater the amount 

o f recreation demanded.

Current value o f investment in recreation equipment (X4) 

was obtained by presenting each respondent with a comprehen­

sive l i s t  o f various equipment items. I f  the fam ily did own 

one, they were asked to supply the year o f purchase, the o r ig ­

inal purchase price , and th e ir  appraisal o f i ts  current value.

In addition they were asked to indicate the percentage o f the 

item 's to ta l use time devoted to Lake Chicot. Purchase year 

and purchase price were used only to check the reasonab ility  o f 

the in d iv id u a l's  appraisal o f current value. When at a ll pos­

s ib le , the respondent's current value estimate was used. For 

each item o f equipment, the current value was m u ltip lied  by 

i ts  percentage o f to ta l use time at Lake Chicot to determine 

the actual investment in tha t item toward Lake Chicot recreation.
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Total investment expenditure toward Lake Chicot was obtained 

by summing a l l items owned by the fam ily . Investment in recrea­

tion  equipment can generally be considered as an ind ica tion  o f 

strong preferences fo r recreational a c t iv it ie s  and may, in many 

cases, substitu te  fo r  onsite expenditures. Thus, amount o f 

investment expenditure was hypothesized to have a pos itive  e f­

fe c t on length o f v is i t .

Number o f v is i ts  per year (X5) was obtained by asking in ­

terviewed groups how many times in the previous 12 months they 

had v is ite d  the lake. As an independent va riab le , number o f 

v is its  per year was hypothesized to have a negative e ffe c t on 

length o f v is i t .  One would expect tha t as more v is i ts  are taken, 

the duration of each p a rticu la r v is i t  would become shorter.

Number in party (X6) was acquired through the use o f a d i r ­

ect question. In most cases the party was composed o f a single 

fam ily u n it. I t  was hypothesized tha t the number in the party 

would be pos itive  in i t s  e ffe c t on length o f v is i t .

The determination o f age (X7) was also accomplished through 

a d irec tio n  question. Age in th is  study represented tha t o f the 

ind iv idual being interviewed. In most cases th is  was the male 

head o f household, the so-called leader o f the group. The e f­

fe c t o f age on length o f v is i t  and number o f v is i ts  per year 

depends p rim a rily  on the age structure  o f the market population.
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Populations composed o f large percentages o f the middle-aged 

tend to exert a negative e ffe c t on recreation while those com­

posed o f large percentages o f younger or older ind iv idua ls tend 

to have a positive  e ffe c t on quantity o f recreation demanded.

Cross co rre la tion  coe ffic ien ts  fo r a ll independent variables 

were calculated and analyzed fo r possible problems such as m u lti­

co lin e a rity . I t  was determined tha t no such problem existed.

Subjecting the data collected fo r both basins o f Lake Chicot 

to m ultip le  least squares regression using the general theo­

re tic a l model, the fo llow ing empirical models were obtained:

Northern Basin
( 1 )
Z = 3.34023844 + .01992230 X1 - .18000183 X2 - .00000146 X3 
+ .0000884 X4 + .01108047 X5 + .03047755 X6 + .00273282 X7 
R-SQUARE = .386668 ADJUSTED R-SQUARE = .373775
F-VALUE = 29.99 X1, X2, & X4 s ig n ific a n t a t 10%

Southern Basin
( 2 )
Z = .84735896 + .39097763 X1 -  .00684022 X2 + .00000778 X3 
+ .00046729 X4 -  .10522047 X5 + .08261355 X6 -  .01630419 X7 
R-SQUARE = .493128 ADJUSTED R-SQUARE = .423557
F-VALUE = 7.09 X1 and X4 s ig n ific a n t at 10%

Where:
Z = natural log of length o f stay 

X1 = trave l cost; X2 = onsite cost 

X3 = income; X4 = investment 

X5 = v is its  per year; X6 = number in party 

X7 = age
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T-tests indicated tha t in the model fo r  the northern basin, income, 

v is i ts  per year, number in party, and age were not s ig n ific a n t 

pred ictor variables fo r  length o f v is i t .  To re fine  the model, 

d iffe r in g  combinations o f these non-s ign ifican t variables were 

dropped from the model. Special a tten tion  was given to the 

movement o f the adjusted r-square. This s ta t is t ic  should be 

used in  addition to  the regular r-square since i t  tends to com­

pensate fo r  the loss of p red ic to r variab les. An increase in 

the adjusted r-square signals a model w ith superior explanatory 

power w ith fewer independent variab les. The resu ltan t model 

was one in which income, v is i ts  per year, number in  party, 

and age were dropped causing the adjusted r-square to improve.

This model appears as:

Northern Basin
(3)
Z = 3.57406434 + .01943378 X1 - .18256554 X2 + .0000972 X4
R-SQUARE = .386112 ADJUSTED R-SQUARE = .381025
F-VALUE = 75.89 X1, X2, & X4 s ig n ific a n t a t 10%

For the southern basin, t- te s ts  indicated tha t onsite costs, 

income, v is i ts  per year, number in  party, and age were not s ig ­

n if ic a n t predictors o f length o f v is i t  in the regression analysis.

A ll possible combinations o f the above variables were drop­

ped from the model, but in no instance did the price proxy, on­

s ite  costs, show even the s lig h te s t s ign ificance. The resu ltan t 

best model was one in which X2, X3, X5, and X6 were dropped y ie ld ing
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Southern Basin
(4)
Z = 1.19307737 + .39428329 X1 + .00047120 X4 -  .01546546 X7
R-SQUARE = .462516 ADJUSTED R-SQUARE = .435624
F-VALUE = 17.21 X1, X4, and X7 s ig n ific a n t a t 10%

Since X2, onsite costs, was shown to be h igh ly in s ig n if ic a n t, 

price must have had l i t t l e  e ffe c t on the quantity o f recreation 

demanded on the southern basin at moderate price leve ls . Travel 

costs, investment expenditures, and age were be tte r predictors 

in regard to length o f stay on th is  basin.

To establish the northern basin demand equation fo r the 

average party, the mean values o f X1 (trave l cost) and X4 

(investment expenditure) were inserted in to  equation (3) fo r 

the northern basin. By converting the cu rv ilin e a r form o f the 

dependent variable back to the lin e a r form, the price quantity 

re la tionsh ip  became:

Northern Basin Demand Equation
(5)

Y = e **(4 .0810548 x .18256554 X2) 
where **  indicates exponentiation

By allowing X2, onsite costs, to vary from the minimum 

northern basin onsite cost o f $0.09/hour to the maximum northern 

basin onsite cost o f $13.04/hour, the average party demand equa­

tion  fo r the northern basin was established.

The demand equation fo r the southern basin was obtained 

by substitu ting  i ts  mean values fo r X1, X4, and X7 in to  equation 

4. The resu lting  equation a fte r  converting Z to Y became:
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Southern Basin Demand Equation
( 6 )

Y = 3.5939458

This equation resu lts  in a pe rfec tly  in e la s tic  demand 

curve fo r the average southern basin party, from the minimum 

southern basin onsite cost o f $0.33/hour to the maximum southern 

basin onsite cost o f $11.01/hour.

Consumer's Surplus and L im iting  Case B ene fit:

To determine the consumer's surplus value fo r  the northern 

basin, equation 5 was integrated from the average northern basin 

price o f $1.48/hour to the maximum northern basin price o f 

$13.04/hour. The re su lt o f th is  in tegra tion  indicated tha t the 

consumer's surplus fo r  an average party v is i t  to the northern 

basin was $217.53. In other words, the average party receives 

$217.53 worth of bene fit above and beyond th e ir  expenses fo r a 

v is i t  to the northern basin. To obtain the to ta l consumer's 

surplus value fo r the northern basin, the number o f v is its  per 

year to th is  basin was m u ltip lie d  by $217.53. According to 

information obtained from the Arkansas Department o f Parks and 

Tourism, approximately 45,100 v is its  were made to the northern 

basin from October, 1979, to September, 1980. Thus the con­

sumer's surplus value fo r the northern basin fo r  these 12 months 

was $9,810,603.00.
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Consumer's surplus value fo r the southern basin was found 

by taking the in tegra l o f equation 6 from the average onsite 

cost fo r  th is  basin o f $2.27/hour to the maximum basin onsite 

cost o f $11.01/hour. The outcome o f th is  in tegra tion  indicated 

tha t the average pa rty 's  consumer's surplus per v is i t  equaled 

$31,38. To approximate the to ta l yearly consumer's surplus value 

fo r the southern basin, the number o f v is its  to th is  basin during 

the period was m u ltip lied  by $31.38. From the sample taken in 

th is  study i t  was determined tha t 17 percent o f the groups v is ­

ing the northern basin also v is ite d  the southern basin on a par­

t ic u la r  v is i t .  A d d itio n a lly , fo r  a l l p ractica l purposes, no 

one trave ls  to the lake w ith the purpose o f recreating so le ly 

on the southern basin. Therefore, the number o f v is its  to the 

southern basin fo r the period o f October, 1979, to September, 

1980, was approximated as 17 percent o f the number o f v is its  

to the northern basin over the same period, or 7,834 v is its .

Thus, the resu lting  yearly to ta l consumer's surplus value fo r 

the southern basin was $245,826.84. From th is  information i t  

was possible to estimate the lim it in g  case benefit o f the pro­

posed so il erosion control program simply as the difference be­

tween the northern basin recreational value and the southern 

basin recreational value. The consumer's surplus lim it in g  case 

benefit was equal to $9,564,776.16.
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SUMMARY ANALYSIS

Using the information developed in the preceding sections, 

i t  was possible to  calculate a bene fit-cost ra t io  (b /c) fo r  the 

so il erosion control program tha t would at least maintain the 

present water q u a lity  o f the northern basin o f Lake Chicot. I f  

the resu lting  b/c ra t io ,  found by d iv id ing  the present value of 

benefits by the present value o f costs, was greater than one, 

the program was desirable from an economic viewpoint since i t  

adds more to soc ie ty 's  well-being than i t  takes away. 

A lte rn a tive ly , i f  the b/c ra t io  was less than one, implementa­

tion  o f the program would be questionable since costs would be 

greater than benefits.

Present Value o f Costs:

In the cost estimation phase o f th is  study i t  was shown 

tha t the least cost method to e ffe c t any reduction in so il ero­

sion was through an average so il loss re s tr ic t io n . In the ab­

sence of expert consensus or actual physical in ves tig a tio n , i t  

was assumed tha t so il loss from the surrounding watershed would 

have to be decreased by approximately 50 percent to maintain 

the present water q u a lity  o f the northern basin o f Lake Chicot. 

Thus, so il loss would have to be reduced from the 1979 actual 

loss o f 4.2 TAY to approximately 2.0 TAY. As shown in Table 4 

the 2.0 TAY average re s tr ic t io n  would accomplish th is  in a least
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cost manner. In comparison to maximum returns, a re s tr ic t io n  

o f th is  level would cost ( in  terms o f subsidies or taxes) $4.16 

per acre each year. M u ltip ly ing  th is  by the number o f acres o f 

cropland in the watershed yielded a to ta l yearly  program cost 

o f $42,390.00 not including adm in istrative costs. Assuming a 

pro ject l i f e  o f 50 years and a discount rate o f 7 3/8 percent, 

the present value o f costs fo r  such a program would equal 

$599,583.00.10

Present Value o f B enefits :

I t  is  to be expected th a t, in the absence o f a so il erosion 

control program, the recreational value o f the northern basin 

would decline l i t t l e  in the very near fu tu re . Thus, fo r  the 

f i r s t  few years o f any erosion control program, benefits would 

be small. As time passed, however, we would expect tha t program 

benefits would increase u n til they reached an upper bound equaling 

the lim it in g  case bene fit. From tha t point on, fo r the l i f e  o f 

the program, each year's benefit would be equal to the lim it in g  

case bene fit. I t  has been assumed tha t given present erosion 

rates in the absence o f a so il erosion control program, i t  would 

take approximately 20 years fo r  the water o f the northern basin 

to become lik e  tha t o f the southern basin in terms o f recrea­

tiona l usage. I t  was a d d itio n a lly  assumed tha t during th is  

period the decline would proceed at a constant rate . Therefore, 

s ta rtin g  with an in i t ia l  year benefit o f zero and using the
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consumer's surplus lim it in g  case benefit derived e a r lie r ,  i t  is  

c lear that benefits in years 1 through 20 would increase yearly 

by $478,238.81. In year 20 and fo r the remaining years o f the 

program, the f u l l  l im it in g  case value o f $9,564,776.20 would 

be realized.

Again assuming a discount rate o f 7-3/8 percent and em­

ploying the consumer's surplus lim it in g  case be ne fit, the pre­

sent value o f benefits fo r  the program would be $67,694,000.00

Project F e a s ib ility :

Dividing the present value o f benefits found using the con­

sumer's surplus lim it in g  case benefit by the present value of 

costs y ie lds a b/c ra tio  fo r the 50-year p ro ject o f 112. I f  

one were to employ a 20-year planning horizon while re ta in ing 

a l l other assumptions, the resu lting  b/c ra t io  would equal 81. 

The magnitude o f these ra tio s  c le a rly  implies tha t in it ia t io n  

o f such a program would be h igh ly desirable from socie ty 's  

standpoint.

In addition to the recreational benefits resu lting  from 

the erosion control program, other benefits may re su lt. F irs t,  

ind iv idua ls owning homes near the lake would probably enjoy 

higher property values associated w ith liv in g  next to a clean 

versus s i l t y  body o f water. Second, some ind iv idua ls who never 

use the lake fo r recreation may nevertheless derive u t i l i t y  

from the mere fa c t tha t the lake is  being kept clean. For some
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at leas t, th e ir  option to use the lake at a fu ture  date is  thus 

preserved. Lastly , other benefits tha t may re su lt include main­

ta in ing  the productive capacity o f the so il over a longer period 

o f time, reduced maintenance cost fo r  drainage ditches, and 

m u ltip lie r  e ffec ts  to the local economy from increased farm in ­

comes. While these are real benefits tha t could be credited to 

such a program, fo r the purposes o f th is  study only recreational 

benefits were counted. Due to the nature o f the lake, recrea­

tiona l benefits are by fa r  the most s ig n ific a n t, and th e ir  pre­

servation is the primary goal o f the proposed program.

Recommendations:

The purpose o f th is  study was to determine the most cost 

e ffe c tive  so il erosion control program to maintain the current 

recreational v ia b i l i t y  o f the northern basin o f Lake Chicot 

and, given th is ,  through bene fit-cost analysis to establish 

whether or not such a program could be economically ju s t i f ie d .  

Studies o f th is  type are essential i f  scarce public monies are 

to be used in an e f f ic ie n t  manner. Results indicate conclu­

s ive ly  tha t a pro ject o f th is  sort should be undertaken.

I n i t ia l l y  top p r io r ity  should be given to an intensive 

educational program designed to inform farmers tha t a lte rna tive  

production practices could not only reduce so il loss but also 

increase th e ir  net returns. Currently farmers in the north 

Lake Chicot watershed are ne ither maximizing net returns nor
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minim iz ing s o i l  loss . I t  is  assumed th a t  the b e n e f its  o f  an 

educational program (up to  $23/acre) would g re a t ly  exceed the 

costs incurred to  adm in is te r such a program.

The s in g le  most im portant fa c to r  a f fe c t in g  s o i l  lo s s ,  and 

net re tu rns  to  the farmer, is  wheat production . When wheat is  

grown as a double crop w ith  soybeans, s o i l  loss is  reduced by 

57 percent and net re tu rns  are increased by 97 percent. Converting 

a l l  the continous soybean production in  the 1979 actual s i tu a t io n  

to  wheat-soybean double cropping could account f o r  most o f  the 

increase in re tu rns  and reduction  in  s o i l  loss o f  the maximum 

re tu rns  s i tu a t io n  compared to  the actual 1979 s i tu a t io n .

The decrease in  s o i l  loss above th a t  associated w ith  max­

imum net re tu rns  could be accomplished most economically through 

an average s o i l  loss r e s t r i c t i o n .  A 2 .0 -ton  per acre per year 

average, 1 .2 -ton per acre per year less than the maximum re tu rns  

s i tu a t io n ,  would re s u l t  in  a 50 percent decrease in  s o i l  loss 

compared to  1979. O p e ra t io n a lly  th is  r e s t r i c t io n  could take form 

as an erosion reduction  subsidy, by paying farmers $3.47 fo r  each 

ton o f  s o i l  loss reduced from the loss associated w ith  maximum 

re tu rns  ($4.16 decrease in  net re tu rns  d iv ided  by a 1 .2 -ton per 

acre per year reduction  in  s o i l  lo s s ) .  A l te r n a t iv e ly ,  implemen­

ta t io n  o f  th is  r e s t r i c t io n  could be accomplished through a s o i l  

loss tax whereby farmers would be charged $3.47 f o r  each ton 

lo s t  per year.
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An average s o i l  loss r e s t r i c t io n  would give the farmer 

f l e x i b i l i t y  in  decid ing fo r  h im se lf  how best to  decrease h is  

s o i l  loss . The average s o i l  loss r e s t r i c t io n  th e o r e t ic a l ly  

achieves a given to ta l  s o i l  loss reduction  a t  the le a s t  cost. 

However, t h is  is  tru e  on ly  i f  a d m in is t ra t iv e  cos ts , which were 

not estimated in  th is  study, are ignored. U n fo r tun a te ly , these 

costs may be p r o h ib i t iv e ,  given the nature o f  the problem. Other 

programs such as the cover crop on ly  a l te rn a t iv e  may be more 

e a s i ly  adm in is tered, re s u l t in g  in  s ig n i f ic a n t  reductions in 

s o i l  loss (2.32 TAY average) and having l i t t l e  impact on farm 

income.

The So il Conservation Serv ice , through the Conservation 

D i s t r i c t ,  can provide the e xp e rt ise  needed to  develop in d iv id u a l 

con tro l plans and to  determine the fa rm er 's  s o i l  loss before 

and a f t e r  i n i t i a t i o n  o f  c o n tro ls .  Each farmer should be en­

couraged to con tact the Soil Conservation Service and h is /h e r  

county Extension agent to  develop e f fe c t iv e  crop ro ta t io n s  and 

s o i l  conservation plans.
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ENDNOTES

1Soil Conservation Service estim ate f o r  1977.
2
Wheat is  grown on ly as a double crop fo l lo w in g  soybeans. 

1978 acreages were: soybeans, 8430 acres (82.7% o f  watershed 
c rop land); co t to n , 1600 acres (15.7%); r ic e ,  160 acres (1.6%); 
wheat double crop, 1200 acres.

3
Calculated from in fo rm a tion  given in  the Soil 

Conservation National Engineering Handbook.
4
4This takes in to  cons idera tion  gross erosion from o ther 

sources in  the watershed (2148 tons per year) and a sediment 
d e l iv e ry  r a t io  o f  0.22.

5
The c o n tr ib u t io n  o f  sediment basins in  the SCS plan has 

never been determined. There fore , f o r  purposes o f  th is  study 
th e i r  e f f e c t  was assumed to  be in s ig n i f i c a n t .

The in te re s te d  reader is  d ire c te d  to Barkley (1) f o r  a 
review o f  the h is to ry  o f  these techniques.

7The p r ice  a c tu a l ly  paid is  the mean on s ite  cost f o r  a l l  
groups v i s i t i n g  the s i te .

8
A copy o f  the q u e s t io n n a ire / in te rv ie w  form can be found 

in  Osborn (5) o r obtained from the Department o f  A g r ic u l tu ra l  
Economics and Rural Socio logy, Room 222 A g r ic u l tu re  B u i ld in g ,  
U n iv e rs ity  o f  Arkansas, F a y e t te v i l le  72701.

I f  the completed questionna ire  was not re turned w ith in  
fo u r  weeks o f  the o r ig in a l  m a il in g ,  a fo l lo w -u p  postcard was 
sent. I f  a f t e r  another fo u r  weeks no response was forthcoming 
a th i r d  and f in a l  correspondence con ta in ing  a second question­
na ire  was sent.

9'
The c u r v i l in e a r  form o f  the dependent v a r ia b le  Y ( leng th  

o f  v i s i t )  is  the na tura l logar ithm  o f  Y which sha ll  be ind ica ted  
as Z.

10A discount ra te  o f  7 3/8 percent is  co n s is ten t w ith  ra tes 
p resen tly  being used in  o the r federa l programs.

-41-



LIST OF PUBLICATIONS FROM PROJECT

"A B e n e fit  Cost Analys is  o f  a Soil Erosion Control Program fo r  
the Northern Watershed o f  Lake C h ico t, Arkansas." C. Tim 
Osborn, Alan D. McQueen, and Robert N. Shulstad, Arkansas 
A g r ic u l tu ra l  Experiment S ta t io n  B u l le t in  856 and Arkansas 
Water Resources Research Center B u l le t in  79, U n ive rs ity  
o f  Arkansas, F a y e t te v i l le ,  November 1981, 23p.

"Economic Analys is o f  C o n tro l l in g  Erosion in  the North Lake
Chicot Watershed." Alan D. McQueen, U n ive rs ity  o f  Arkansas, 
Department o f  A g r ic u l tu ra l  Economics and Rural Socio logy, 
M aster's th e s is ,  1981. 125p.

"The Value o f  Recreational B ene fits  Due to  C o n tro l l in g  Erosion 
in  the North Lake Chicot Watershed." C. Tim Osborn, 
U n iv e rs i ty  o f  Arkansas, Department o f  A g r ic u l tu ra l  
Economics and Rural Socio logy, M aster's th e s is ,  1981. 84p.

"Economic F e a s ib i l i t y  o f  C o n tro l l in g  So il Erosion in  Lake 
C h ico t 's  Northern Watershed." C. Tim Osborn, Alan D. 
McQueen, and Robert N. Shulstad, in  Arkansas Farm Research, 
Arkansas A g r ic u l tu ra l  Experiment S ta t io n ,  M arch -A p ril,  1982,
p. 11.

"C o n tro l l in g  A g r ic u l tu ra l  So il Loss in  Arkansas' North Lake 
Chicot Watershed: A Cost A n a ly s is ."  Alan D. McQueen,
Robert N. Shulstad, and C. Tim Osborn, in  Journal o f  Soil 
and Water Conservation. V o l . 37, Number 3, May-June 1982,
p. 182.

"Controll ing A g r ic u l tu ra l  So il Loss in  Arkansas' North Lake 
Chicot Watershed: An Analys is  o f  B e n e f i ts . "  C. Tim 
Osborn and Robert N. Shulstad. Forthcoming in  Journal 
o f  Soil and Water Conservation.

-42-



LITERATURE CITED

1. Bark ley, Paul W. "The Development o f  Research in  the
Economics o f  R ecreation ." A C o lle c t io n  o f  Papers 
Presented a t the Annual Meeting o f  the Cooperative 
Regional Research Technical Committee SM-59,
San Francisco, 1968

2. F lem is te r, E lizabe th  S. "Economic Ana lys is  o f  Rice
P roduction ."  Un iv . o f  A rk . ,  Dept o f  A g r i .  Econ. 
and Rural S o c io l . ,  M aster's th e s is ,  1981.

3. Gibbs, Kenneth Charles, "The Estimation o f  Recreational
Bene fits  R esu lt ing from an Improvement o f  Water Q u a li ty  
in  Upper Klamath Lake; An A p p l ic a t io n  o f  a Method fo r  
Evaluating the Demand fo r  Outdoor R ecrea tion ." 
U n iv e rs i ty  M ic ro f i lm s ,  In c . ,  Ann Arbor, 1969.

4. McQueen, Alan D. "Economic Analys is  o f  C o n tro l l in g  Erosion
in  the North Lake Chicot Watershed." U n iv . o f  A rk . ,  
Dept. o f  A g r i .  Econ. and Rural S o c io l . ,  M aster's 
th e s is ,  1981.

5. Osborn, C. Tim. "The Value o f  Recreational B ene fits  Due
to  C o n tro l l in g  Erosion in  the North Lake Chicot 
Watershed." Un iv . o f  A rk . ,  Dept. o f  A g r i .  Econ. and 
Rural S o c io l . ,  Master's th e s is ,  1981.

6. United States Department o f  A g r ic u l tu re ,  So il Conservation
Service. "Rural Clean Water Program A p p lic a t io n  fo r  
Part o f  Chicot Watershed (Watershed 1508)." Dept. 
o f  P o l lu t io n  Control and Ecology, S tate o f  Arkansas, 
L i t t l e  Rock, 1979.

7. Wennergren, Boyd. "Demand Estimates and Resource Values
fo r  Resident Deer Hunting in  U tah." Utah A g r i .  Expt. 
Sta. Bul. 469, 1967.

8. Wischmeir, W.H., and D.D. Smith. "P re d ic t in g  R a in fa l l
Erosion-Losses; A Guide to  "Conservation P lann ing." 
A g r i .  Hankbook No. 537, U.S. Department o f  A g r i . ,  1978.

-43-


	The Costs and Benefits of Soil Erosion Control in the North Lake Chicot Watershed
	Citation

	Row_067_001
	Row_067_002
	Row_067_003
	Row_067_004
	Row_067_005
	Row_067_006
	Row_067_007
	Row_067_008
	Row_067_009
	Row_067_010
	Row_067_011
	Row_067_012
	Row_067_013
	Row_067_014
	Row_067_015
	Row_067_016
	Row_067_017
	Row_067_018
	Row_067_019
	Row_067_020
	Row_067_021
	Row_067_022
	Row_067_023
	Row_067_024
	Row_067_025
	Row_067_026
	Row_067_027
	Row_067_028
	Row_067_029
	Row_067_030
	Row_067_031
	Row_067_032
	Row_067_033
	Row_067_034
	Row_067_035
	Row_067_036
	Row_067_037
	Row_067_038
	Row_067_039
	Row_067_040
	Row_067_041
	Row_067_042
	Row_067_043
	Row_067_044
	Row_067_045
	Row_067_046
	Row_067_047
	Row_067_048
	Row_067_049
	Row_067_050

