


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2  Spatial delineation of wetland mitigation banks in Louisiana, 
1996-2006 (n=80) 
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Figure 3.3  Map of USACE Hydrologic basins in Louisiana 
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Locational variables are derived from both the permit files and developed from 

ArcView. Descriptive variables include information on habitat type and bank type.  

Economic variables pertaining to the size of a transaction (i.e., number of credits sold 

[TOTAC] or amount of sale/cost [TOTCO]) were assumed to be negative, implying 

economies of scale.  Furthermore, the presence of additional banks within a watershed 

(COMPT) was assumed to have a negative influence on price.  

To facilitate data import into SpaceStat Version 1.9, qualitative data fields were 

coded into numerical values.  Initially, the entity, bank type, and habitat type variables 

were individually coded by alphabetical order.  Entity variables were coded 1) 

commercial, 2) governmental, or 3) residential.  Parishes were coded alphabetically from 

Allen Parish (#1) to Terrebonne Parish (#22).  The mitigation bank type variable was 

coded 1) enhancement, 2) preservation, or 3) restoration.  The mitigation bank habitat 

type was coded 1) Bottomland Hardwood (BLH), 2) Highland Forested (HF), 3) Pine 

Forested Savannah (PF/S), and 4) Swamp (SW).  The month and year of the transaction 

was recorded as 1 – 120, beginning with January 1997. The dependent variable (cost per 

acre), was converted to a natural log to help reduce problems associated with the large 

variation in this variable.  The resulting Log-Linear model form was confirmed as the 

best fit for the data by the use of a Box Cox Transformation (Appendix A).  All dollar 

values were deflated using the consumer price index in the Southern Region with a base 

year of 2006 (U.S. Dept. of Labor, 2008). 
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Table 3.1  Parish Rural Land Values2 (1993-2002) 
Source:  Soto(2004)  
   
Parish Mean St. Dev 
Allen 1,381 1,112 
Ascension 5,676 6,122 
Assumption 1,051 403 
Calcasieu 5,235 10,620 
East Baton Rouge 3,372 4,459 
East Feliciana 2,613 1,567 
Iberville 1,898 1,068 
Jefferson 14,381 * 
Jefferson Davis 990 542 
Lafourche 2,153 1,563 
Livingston 2,279 3,432 
Pointe Coupee 1,562 839 
Rapides 1,339 1,208 
St. Bernard 11,682 * 
St. Charles 12,128 * 
St. James 975 367 
St. John the Baptist 869 641 
St. Landry 835 477 
St. Martin 1,295 543 
St. Mary 1,084 576 
St. Tammany 4,985 3,712 
Tangipahoa 1,522 796 
Terrebonne 1,419 1,913 
West Feliciana 3,087 2,539 

* Three urban parishes were omitted in the original study (St. Charles, Jefferson, and St. 
Bernard). In order to estimate rural land values for these parishes, a phone survey of real 
estate agents in each parish was conducted. Current cost estimates of recent land sales 
were deflated by a rate of 2.5% per year and a ten-year average was taken. 

 
 
 
 
 
 
 
 
 
 

                                                 
2 Ten year averages were taken from the data provided.  
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Table 3.2  Model Variables and Definitions 
 

 

Dependent Variable  Definition  
AVGCO 
 
LNAVGCO 

Total cost of acres sold divided by the total number of 
acres sold 
Natural log of the average cost variable  

 
Independent 
Variables  Definition 

Expected 
Sign 

IMPxy Projected spatial coordinate for the impact N/A 
BANKxy Centroid point for mitigation bank N/A 
DATE1 Date of transaction labeled by month of transaction  + 
TOTAC Total number of acres/credits sold - 
TOTCO Total cost of transaction - 
PARISH Parish of impact N/A 
COMPT Number of banks in a particular hydrologic unit - 
HUCNO USGS Hydrologic Unit Code (HUC) number N/A 
PAPOP Parish population estimate for year of transaction + 
LANVA Rural land value estimates for the parish impacted + 
COMMERCIAL Dummy, clientele type: commercial  + 
GOVERNMENT Dummy, clientele type: governmental  + 
RESIDENT Dummy, clientele type: private/residential  - 
ENHANCEM Dummy, enhancement-based wetland mitigation bank  - 
PRESERVA Dummy, preservation-based wetland mitigation bank  - 
RESTORAT Dummy, restoration-based wetland mitigation bank  + 
BLH Dummy, bank selling bottomland hardwood credits - 
PF_S Dummy, bank selling pine forested savannah credits + 
SW Dummy, bank selling swamp credits + 
COASTAL Dummy, bank located in the Louisiana Coastal Zone + 
D_IMP_URBA Distance from the impact to nearest urban area 

(measured in miles).  Urban area centroid points were 
identified through U.S. Census Data. 

- 

D_BANK_URB Distance from the mitigation bank to nearest urban area 
(measured in miles).  Urban area centroid points were 
identified through U.S. Census Data. 

- 

D_IMP_BANK Distance from the impact to nearest mitigation bank 
(measured in miles) 

- 
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CHAPTER 4:  RESULTS 

This chapter provides detailed information on data pertaining to the wetland 

mitigation banking industry in Louisiana.  Included in this chapter are descriptive 

statistics, spatial analysis, and regression model output for 145 transactions obtained from 

state and federal agencies.  Data were collected from the United States Army Corps of 

Engineers New Orleans District (USACE NOD) and the Louisiana Department of 

Natural Resources (LaDNR).  These agencies provided access to databases containing 

3,164 wetland mitigation bank transactions. 

A total of 189 permit files were sampled from the LaDNR records, 85 of which 

(45%) contained actual transaction data between the permitee and the bank sponsor.  Of 

the 427 files sampled from the USACE NOD, only 80 (19%) contained actual transaction 

data.  The higher rate of transaction data obtained from LaDNR compared to the Corps is 

attributed to differences in record keeping and the level of financial detail required by 

each agency.  Permit files were sampled in a manner that provided spatial and temporal 

spread of Louisiana wetland mitigation bank transactions for 1997-2006. A description of 

the data is presented below. 

Descriptive Statistics 

A variety of information was recorded in data collection process.  Information 

relevant to the mitigation bank included bank type, bank location, habitat type, and credit 

prices over time.  Descriptive information on impacts requiring mitigation included the 

entity purchasing the credits; location of the impact, habitat type; parish of impact; date 

of transaction; and the price paid for the credit.  Figure 4.1 shows the distribution of 

mitigation bank transactions by bank type.   
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Figure 4.1  Transactions by Mitigation Bank Type 
(LADNR and USACE NOD data, n=165) 
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As described in Chapter 2, the agencies comprising the MBRT have shown 

opposition to proposals for enhancement—and preservation-based banks in the past, a 

trend depicted in this graphic.  Accordingly, preservation-based banks accounted for only 

3% of all transactions examined in this study.  In contrast, restoration banks accounted 

for 83% of the total number of transactions observed. 

Figure 4.2 shows the observations broken down by entity permitted.  The highest 

number of mitigated, permitted projects were in the commercial category (54%).  The 

commercial category involved any type of development with economic profit being the 

goal.  This was inclusive of oil and gas exploration, retail development, waterfront 

development, and other business opportunities.  The residential category (26%) included 

those  projects requiring mitigation due to the impacts of building a single, private 

residence.  The government category (20%) took into consideration all actions 

undertaken by municipal and state governments.  Examples of clientele in this category 

included parish school boards and the Louisisna Department of Transportation and 

Development. 

As Figure 4.3 indicates, credit purchases from bottomland hardwood (BLH) forest 

mitigation banks made up 67% of the transaction data sampled.  Indeed, impacts to this 

habitat type are most common as BLH forests are the most prevalent wetland type found 

throughout the state and are a prominent feature of the Mississippi River and Atchafalaya 

River alluvial plains.  Credit purchases from banks featuring all other habitat types 

accounted for only one-third of the total transactions.  Credit sales from Swamp (SW) 

mitigation banks were the second largest contingent, accounting for 20% of the 

transactions sampled.  Credits purchased from pine forest savanna (PF/S) wetlands, 

located primarily in the Florida parishes north of Lake Pontchartrain, accounted for 10% 
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of the transactions.  Finally, credits purchased from highly individualized, rare wetland 

mitigation banks, such as freshwater marsh banks, accounted for the remaining three% of 

transactions labeled Other. 

In the early years of the mitigation banking industry in Louisiana, the majority of 

the transactions hovered in the range of  $3,000 to $5,000 per acre; however, as time 

increased, credit prices did also.  This upward trend is depicted in Figures 4.4 and 4.5.  In 

the most recent years sampled (2004-2006), several transactions were recorded in excess 

of $20,000 per acre.  Nevertheless, a substantial number of transactions in Louisiana 

during that same period remained at or below the price of $5,000 per acre.  This bimodal 

trend could be indicative of a segregation in the wetland mitigation credit market.  In fact, 

over the ten-year period for which Louisiana credit prices were collected, the average 

price was only $6,382. 

A national database of wetland mitigation transactions for 2000-2005 shows that 

Louisiana had the second lowest average credit price for the nine states sampled 

(Katoomba Group, 2008) (see Figure 4.6).  Although Louisiana has the highest number of 

approved mitigation banks in the U.S., the state is consisently at or near the bottom of 

average credit prices.  In fact, credit prices for neighboring states in the northern Gulf of 

Mexico region are significantly higher than in Louisiana, with the average price being 

nearly twice as high in Alabama, 3½ times higher in Texas, and nearly 7 times higher in 

Florida (Katoomba Group, 2008). 

Figure 4.7 illustrates the differences between average annual credit prices for  

coastal and non-coastal mitigation transactions3 in Louisiana.  On average, non-coastal 

                                                 
3 As used here, “coastal and non-coastal transactions” is likely equivalent to “coastal and non-coastal 
banks” due to the requirements for mitigation in like watersheds and habitats. However, the data were of 
insufficient detail to equate the two. 
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Figure 4.2  Transactions by Entity Permitted 
(LADNR and USACE NOD data, n=165) 
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Figure 4.3  Transactions by Wetland Bank Habitat Type 
(LADNR and USACE NOD data, n=165) 
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Figure 4.4 Credit Transaction Prices for Louisiana Wetland Mitigation 
Banks, 1997-2006 (LADNR and USACE NOD data, n=165) 
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Figure 4.5  Average Annual Credit Transaction Prices for Louisiana 
Wetland Mitigation Banks, 1997-2006 
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Figure 4.6  Sample of Wetland Mitigation Credits for Nine U.S. States 
(Source: Katoomba Group) (n=43 transactions, 2000-2005) 
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Table 4.3  Regression Diagnostics using SpaceStat (version 1.9) 
MULTICOLLINEARITY CONDITION NUMBER 10.76586 
TEST ON NORMALITY OF ERRORS 
TEST                  DF VALUE PROB 
Jarque-Bera            2 1.629334 0.442787 
DIAGNOSTICS FOR HETEROSKEDASTICITY 
RANDOM COEFFICIENTS 
TEST                   DF VALUE PROB 
Breusch-Pagan test     6 41.07688 0.000000 
SPECIFICATION ROBUST TEST    
TEST                  DF VALUE PROB 
White                 25 71.34961 0.000002 
SPATIAL DEPENDENCE    
FOR WEIGHTS MATRIX   IMPD_2 (row-standardized weights) 
TEST MI/DF VALUE PROB 
Moran's I (error) 0.35248 0.771971 0.440131 
Lagrange Multiplier (error)      1 0.496968 0.480835 
Robust LM (error)                   1 0.637528 0.424607 
Lagrange Multiplier (lag)        1 0.980782 0.322006 
Robust LM (lag)                       1 1.121342 0.28963 
Lagrange Multiplier (SARMA) 2 1.61831 0.445234 
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The number of mitigation banks in the hydrologic unit (COMPT) and whether the impact 

was in the coastal zone (COASTAL) had a highly significant, positive effect on credit 

price.  Regression diagnostics (see Table 4.3) indicate that multicollinearity, as indicated 

by the Jarque-Bera test, was found to be elevated but not significantly high. 

Heteroskedasticity, as measured by the Breusch-Pagan test, was found to be 

significant, so a generic Heteroskedasticity error model was run within SpaceStat to 

adjust values.  Several diagnostics were run to determine spatial dependence such as 

Moran’s I, Lagrange Multiplier (error), Robust LM (error), Lagrange Multiplier (lag), 

Robust LM (lag), and the Lagrange Multiplier (SARMA), but spatial dependence was 

determined to not be significant. 

Regression Model 

A parallel examination of the data was developed using a basic regression model 

in SAS. Initial model runs were conducted using the same suite of independent variables 

identified through the use of SpaceStat.  Statistical results were identical between the two 

programs.  A subsequent step-wise regression procedure produced a model containing the 

same additional variables. Further iterations in SAS produced a model with 11 

independent variables. The equation of estimate is as follows:  

LNAVGCO =  F(PAPOP; PF_S; RESTORATION; RESIDENT; LANVA; 
TOTAC; BLH; COMPT; DATE1; D_BANK_URB; D_IMP_BANK. 

 
Where:  PAPOP is the annual population for the parish of impact, PF_S is a dummy 

variable showing whether the wetland mitigation bank sells Pine/Forested Savanna 

credits; RESTORATION is a dummy variable showing whether the wetland mitigation 

bank is a restored wetland area, LANVA is the estimated rural land value for the parish 

of impact, BLH is a dummy variable showing whether the wetland mitigation bank sells 
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Bottomland Hardwood credits, and D_IMP_BANK is the distance from the impact to the 

nearest wetland mitigation bank. 

Temporal autocorrelation was found to be neither positive nor negatively 

correlated, as indicated by the Durbin Watson test.  The data were determined to be 

normally distributed according to test results from the Shapiro-Wilk, Madria Skewness, 

Mardia Kurtosis, and the Henze-Zirkler T-test.  Heteroskedasticity was present in the data 

set according to the White Test results, thus correcting for heteroskedasticity was 

necessary.  SAS corrects for heteroskedasticity using a weighted regression approach 

which is also referred to as the weighted least square (WLS).  Once these measures were 

taken to correct for error in the model, a better fit was provided. 

As illustrated in Table 4.4, the adjusted R² increased to .6948. Furthermore, 

independent variables of significance at probability of p < .10 changed from the earlier 

model.  Independent variables in the overall model now affecting price include the 

following:  parish of impact’s population (PAPOP), if wetland mitigation bank is a 

restored wetland area (RESTORAT), estimated rural land value for the parish of impact 

(LANVA), total number of acres (credits) purchased (TOTAC), number of wetland 

mitigation banks in the same hydrologic unit (COMPT), date of the transaction (DATE1), 

distance from the wetland mitigation bank to the nearest urban area (D_BANK_URB), 

and distance from the impact to the nearest wetland mitigation bank (D_IMP_BANK). 

The distance from the mitigation bank to an urban area as well as the distance from the 

impact to the nearest wetland mitigation bank produced negative effects on price as Table 

4.5 indicates.   

The parish of impact’s population, if wetland mitigation bank is a restored 

wetland area, the estimated rural land value for the parish of impact, and the number of 
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wetland mitigation banks in the same hydrologic unit all had highly significant, positive 

effects on the total credit price.  In the model estimates provided earlier, total acreage and 

private residential clients had negative effects on price, but the sign has changed for both 

of these variables with private residential clients no longer being significant.  The total 

number of acres sold in the transaction and the date of the transaction are marginally 

significant with both having positive effects on credit price.   

In contrast to results from the SpaceStat model, which depicted economies of 

scale, the TOTAC variable in this model had a positive effect on price. Elasticities were 

calculated on six continuous, independent variables: parish of impact’s population 

(PAPOP), estimated rural land value for the parish of impact (LANVA), total number of 

acres (credits) purchased (TOTAC), number of wetland mitigation banks in the same 

hydrologic unit (COMPT), distance from the wetland mitigation bank to the nearest 

urban area (D_BANK_URB), and  distance from the impact to the nearest wetland 

mitigation bank (D_IMP_BANK). 

The functional form for the elasticity calculation in the Log-linear model is given by  

Bn(Xi) 

Where:  Bn is the slope of the independent variable and X represents the trend.  Any one 

unit change in X leads to a percent change in Y. results of the elasticity formulas are 

presented in Table 4.6.  Six of the independent variables in the model were significant 

and continuous, thus allowing the calculation of elasticity. A 1% increase in the total 

number of acres sold (TOTAC) results in a 1.12% increase in price. In the case of 

LANVA, a 1% increase resulted in a 0.286% increase in price.  Likewise, a 1% increase 

in COMPT and PAPOP also had a positive effect on credit price, increasing it by 0.275% 
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Table 4.4  Nonlinear OLS Summary of Residual Errors for Overall SAS Model  
 DF DF     Adj 
Equation Model Error SSE MSE Root MSE R-Square R-Sq 
lnavgco 11 133 76.2925 0.57363 0.75738 0.71812 0.6948 
 
 
Table 4.5  Regression Procedure Results for Overall SAS Model 
 Approx Approx   
Variable Estimate Std. Err t Value    Pr > |t| 
LNAVGCO 3.867243 0.34549 11.19 <.0001 
PAPOP 0.000001546 5.968E-07 2.59 0.0107 
PF_S 0.335541 0.314921 1.07 0.2886 
RESIDENT  0.235328 0.16259 1.45 0.1501 
RESTORATION 0.581873 0.290242 2.00 0.0470 
LANVA 0.000051 0.000018 2.89 0.0045 
TOTAC 0.135800 0.077654 1.75 0.0826 
BLH -0.13740 0.138179 -0.99 0.3218 
COMPT 0.063034 0.032298 1.95 0.0531 
DATE1  0.005082 0.00301 1.69 0.0937 
D_BANK_URB  -0.00002 4.415E-06 -3.40 0.0009 
D_IMP_BANK -0.00003 7.993E-06 -3.82 0.0002 
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and 0.239%, respectively.  In the case of D_BANK_URB, a 1% increase in the total 

distance from the bank to the nearest urban area resulted in a decrease in the total credit 

price by 0.61%.  Similarly, an increase in the distance from the impact to an urban area 

led to a 0.60% change in total credit price. 

To further review the underlying reasons for the disparity between coastal and 

non-coastal wetland mitigation credit prices (Fig. 4.7), subsequent models were run using 

data isolated for each region.  A total of 94 transactions were included in the analysis of 

the coastal wetland mitigation transactions.  Again, coastal wetland mitigation credits are 

those wetland mitigation credits located within the Louisiana Jurisdictional Coastal Zone 

as designated by the Louisiana Department of Natural Resources. Comparatively, there 

were 51 transactions in the non-coastal category.  The dependent variable for the coastal 

credit model became LNAVGCOC (the natural log of the average cost of each coastal 

credit).  The dependent variable for the non-coastal model became LNAVGCON (the 

natural log of the average cost of each non-coastal credit).  Independent variables in these 

subsequent models were the same 11 variables from the overall model. The coastal model 

resulted in an adjusted R2 value of 0.4509 (see Table 4.7), which is substantially lower 

than the same estimate for the overall model (0.6948).  This reduction in model fit could 

be credited to the larger variation in price for wetland mitigation credits in coastal areas.  

Table 4.8 depicts the regression results for the coastal model.  In this model, only 3 of the 

11 independent variables had significant impact on the credit price with a probability of 

<.05: parish of impact’s population (PAPOP), number of competing banks in a watershed 

(COMPT), and time (DATE1).  All three variables had a positive effect on credit price. 
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Table 4.6  Elasticities for Overall SAS Model  
                             Approx      Approx      
 Variable             Estimate    Std Err    t Value        Pr > |t|  Label 
TOTAC 1.118896 0.6398 1.75 0.0826 a7*8.23931 
LANVA 0.28629 0.0992 2.89 0.0045 a6*5631.58 
COMPT 0.275609    0.1412    1.95       0.0531    a9*4.37241 
PAPOP 0.23949 0.0925 2.59 0.0107 a2*154956.86
D_IMP_BANK -0.59795 0.1567 -3.82 0.0002 a12*19605.12
D_BANK_URB -0.61616 0.181 -3.40 0.0009 a11*40996.21
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Table 4.7  Nonlinear OLS Summary of Residual Errors for Coastal Model 
 DF DF     Adj 
Equation Model Error SSE MSE Root MSE R-Square R-Sq 
lnavgcoc 11 82 43.80913 0.534258 0.73093 0.51585 0.4509 
 
 
Table 4.8  Regression Procedure Results for Coastal Model   
 Approx Approx   
Variable Estimate Std. Err t Value Pr > |t| 
LNAVGCOC 3.065328 1.361259 2.25 0.0270 
PAPOP 1.822E-6 9.112E-7 2.00 0.0488 
PF_S 0.219975 1.186212 0.19 0.8533 
RESIDENT  -0.29903 0.209943 -1.42 0.1581 
RESTORAT 0.289347 1.196945 0.24 0.8096 
LANVA -0.00002 0.000022 -0.86 0.3925 
TOTAC -0.07758 0.101828 -0.76 0.4483 
BLH 0.008647 0.172593 0.05 0.9602 
COMPT 0.088068 0.036925 2.39 0.0194 
DATE1  0.008828 0.004103 2.15 0.0344 
D_BANK_URB  0.000013  8.371E-6 1.60 0.1142 
D_IMP_BANK -5.14E-06 0.000019    -0.27 0.7870 
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At 0.5875, the adjusted R2 for the non-coastal model was slightly higher than that 

of the coastal model (see Table 4.9).  Four independent variables had significant impact 

on the credit price with a probability of <.10 (see Table 4.10).  As seen in the overall 

model, TOTAC has a positive effect on credit prices.  However, a negative influence on 

price was seen by PF_S (whether the wetland mitigation bank sells Pine/Forested 

Savannah credits), BLH (whether the wetland mitigation bank sells Bottomland 

Hardwood credits), and D_BANK_URB (the distance from a mitigation bank to an urban 

area).  The non-coastal wetland credit model shows DATE1 (the date of the transaction) 

to not be significant.  This result coincides with Figure 4.7 that illustrates a relatively 

constant price for non-coastal wetland credits over a ten-year time span. 

Elasticities were also calculated for the coastal (see Table 4.11) and non-coastal 

(see Table 4.12) models as well.  Only two variables were significant and continuous in 

the coastal submodel.  In the coastal model, the population of the parish (PAPOP) had the 

same effect as before, where total credit prices increase 0.28% for every one% increase in 

population.  Likewise, a 1% increase in COMPT resulted in 0.39% increase in price.  In 

the non-coastal submodel, two variables were significant and continuous.  A 1% increase 

in TOTAC increased the total credit price by 1.94%.  Just as in the overall model, a 1% 

increase in the distance from a mitigation bank to an urban area (D_BANK_URB) led to 

a decrease in total credit price (-0.94%). 
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Table 4.9  Nonlinear OLS Summary of Residual Errors for Non-coastal Model 
 DF DF     Adj 
Equation Model Error SSE MSE Root MSE R-Square R-Sq 
lnavgco 11 39 9.54649 0.244782 0.49475 0.67823 0.5875 

 
 
Table 4.10  Regression Procedure Results for Non-coastal Model 
 Approx Approx   
Variable Estimate Std. Err t Value    Pr > |t| 
LNAVGCON 4.818009 0.922133 5.22 <.0001 
PAPOP 2.414E-7 1.541E-6 0.16 0.8763 
PF_S -1.04125 0.61036 -1.71 0.0960 
RESIDENT  -0.38715 0.480579 -0.81 0.4254 
RESTORAT 0.125651 0.31173 0.40 0.6891 
LANVA -0.00002 0.000204 -0.10 0.9187 
 TOTAC 0.23554 0.11205 2.10 0.0421 
BLH -0.807140 0.473565 -1.70 0.0963 
COMPT 0.009229 0.067276 0.14 0.8916 
DATE1  0.00978 0.006423 1.52 0.1359 
D_BANK_URB  -0.00002 7.846E-6 -2.93 0.0056 
D_IMP_BANK -7.86E-06 0.000015 -0.53 0.5996 

 
 
 
Table 4.11  Elasticities for Coastal Model        

 Approx       Approx      
 Variable Estimate     Std Err    t Value        Pr > |t| Label 
PAPOP 0.28236 0.1412 2.00 0.0488 a2*154956.86
COMPT 0.385069    0.1615    2.39       0.0194    a9*4.37241 

 

 

Table 4.12  Elasticities for Non-coastal Model      

  Approx        Approx      
Variable  Estimate     Std Err    t Value     Pr > |t|  Label 
TOTAC 1.940679 0.9232 2.1 0.0421 a7*8.23931 
D_BANK_URB -0.94314 0.3216 -2.93 0.0056 a11*40996.21
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CHAPTER 5:  SUMMARY & CONCLUSIONS 

Wetland mitigation banking is emerging as an effective means for achieving the 

goal of “no-net loss” for wetlands.  The concept of mitigation banking began taking form 

in 1988 and resulted in passage of the 1995 Federal Guidance for the wetland mitigation 

banking industry.  This guidance established a market-based approach for mitigating 

wetland losses.  The environmental advantages brought about through the emergence of 

wetland mitigation banks are evident by the creation, restoration, enhancement, and 

preservation of wetland areas.  Additionally, the industry has provided entrepreneurial 

opportunities throughout the United States.  At the firm level, the industry provides 

income to bank sponsors and also benefits developers by significantly decreasing the 

amount of time and money spent on mitigating wetland impacts.  These economic 

advantages are evidenced by the rapid growth of wetland mitigation banks nationwide, 

expanding nearly 800% over the last decade. Louisiana leads the nation in the number of 

wetland mitigation banks, with a total of 96 banks currently active, pending, or sold out 

of credits.  Because of the relative youthfulness of the industry, however, many facets 

remain unexplained.  This study examined various characteristics of the industry in an 

attempt to describe this new market and document the economic and spatial factors 

affecting the price of wetland mitigation credits in Louisiana. 

Data for this study were obtained from state (Louisiana Department of Natural 

Resources) and federal (United States Army Corps of Engineers, New Orleans District) 

agencies. Each observation was a financial transaction between a permitee and a bank 

sponsor.  Recorded information pertaining to each transaction included spatial 

coordinates for the wetland impact and the bank, date of transaction, number of acres 
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(credits) sold, total dollar amount of the sale, the parish of impact, the population and 

rural land values of the parish, the type of habitat mitigated, the hydrologic unit of the 

impact and bank, type of clientele, and spatial variables measuring the distance from the 

impact to the bank and to the nearest urban area.  A total of 23 independent variables was 

examined for their influence on credit prices.  One hundred sixty-five observations were 

collected for which financial transaction data were available.  These transactions 

represented credit purchases from a total of 44 mitigation banks or bank sub-areas in 

Louisiana, with nine of those located in the coastal zone.  Coastal transactions accounted 

for 94 of the total observations and non-coastal transactions accounted for 51. 

Descriptive analysis of the data indicates that credits sales from bottomland 

hardwood (BLH) banks accounted for 67% of the total habitat type of mitigation credits 

sold. The majority of credits came from restoration-based banks, which accounted for 

73% of the transactions.  This observation is consistent with the 1995 federal guidance 

which favors the establishment of restoration banks over less demanding forms of bank 

development (i.e., enhancement-based or preservation-based). Commercial developers 

accounted for more that half (54%) of the transactions observed in the study.  A bimodal 

trend in credit prices was observed between coastal and non-coastal transactions.  For the 

10-year time span studied here (1997-2006), non-coastal credit prices remained relatively 

flat compared to coastal bank prices.  Credits from non-coastal banks ranged from $3,000 

to $10,000 per acre, increasing at an average annual rate of 11%.  Coastal bank prices 

ranged from $4,000 to $20,000 and increased by a rate of 18% over the same period. 

Overall, the average annual price of a wetland mitigation credit has steadily increased 

over time, averaging just under $10,000 per acre in 2006.  Despite the large number of 

banks in Louisiana, average credit prices in the state remain considerably low for the 
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northern Gulf.  Average prices in neighboring states range from 3½ to 7 times higher. 

Louisiana’s low rural land values and/or the abundance of wetland area could be the basis 

for this difference. 

Statistical analyses of the data were conducted using spatial econometric 

(SpaceStat) and numerical software (SAS).  After multiple iterations, a suite of 

independent variables was identified as significant drivers of wetland mitigation credit 

price.  Results from the two software packages were identical for the same combination 

of variables.  Due to the lack of spatial autocorrelation, all subsequent analyses of the 

data were conducted by means of regression models developed in SAS.  Elasticity 

calculations were developed for all significant, continuous variables.  A stepwise 

procedure conducted ex post confirmed the initial combination of variables.  That 

procedure and additional iterations produced an overall model with a total of 11 

independent variables and an adjusted R2 of .6948.  Eight variables were significant 

determinants of wetland mitigation credit price.  These variables were both consistent and 

inconsistent with their expected sign, as hypothesized by economic theory.  As previously 

mentioned, time was found to be a significant driver of credit prices in all model 

iterations. Demand for credits—as proxied via parish population—was also found to be a 

positive driver.  A supply-oriented variable—rural land value—also exhibited the 

expected positive relationship with credit price. 

Two economic variables, however, were contrary to conventional economic 

theory regarding volume and competition.  The size of a transaction—as depicted by total 

credits sold—had a positive effect on credit price.  While this outcome does not indicate 

economies of scale, it could reflect a price segregation in which larger bundles of credits 

were sold to commercial clients at higher prices.  Indeed, commercial clientele on 
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average, purchased 60% more credits per transaction than other clientele and paid 30% 

more for each credit.  Similarly, a variable representing competition by watershed had a 

counterintuitive effect on overall credit price.  Logically, the greater the number of 

competitors in a market, the less pricing power should be exhibited.  However, in this 

model, an increase in the number of mitigation banks in a watershed resulted in a higher 

credit price.  This could be attributed to the infancy of the wetland mitigation banking 

industry and the fact that in many markets, demand remains much higher than supply. 

Finally, spatial variables produced differing results with respect to their 

hypothesized influence on price.  As predicted, as distance increases from the bank 

location to an urban area, price decreases.  This relationship is confirmed by the influence 

of similar demand and supply variables on price, most notably population and land value.  

However, decreases in credit price also appear to occur as distance increases between the 

impact area and the location of the bank where credits are purchased.  This result could 

be indicative of two constraints: lack of banks in a watershed or a lack of available credits 

within that watershed.  Absent of these constraints, this trend could be indicative of 

lenient enforcement of the 1995 federal guidance and a potential disincentive to mitigate 

wetland losses within similar or adjacent habitats.  Marginal effects indicated that these 

spatial variables were among the most influential drivers of credit price.  The largest 

driver of price was transaction size (number of credits sold), which resulted in a 1.12% 

price increase for every percentage change in volume. 

A bimodal trend in credit prices from the descriptive analysis indicated the 

possibility of separate markets for inland and coastal mitigation banks.  To further 

examine this trend, transaction data were segregated into coastal and non-coastal sub-

models for each market.  The coastal market, which consists of only 10% (9 banks) of the 
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total wetland mitigation banking market in Louisiana, services more than three quarters 

of the state’s population.  The disproportionate demand for credits from these banks 

creates a situation in which economic factors are the primary drivers of credit price.  A 

submodel for coastal transactions (n=94) showed three significant and positive drivers of 

price: population, competition, and time.  Conversely, non-coastal transactions were 

influenced more heavily by ecological variables related to habitat type.  Two discrete 

variables—sales from bottomland hardwood banks (BLH) and sales from pine 

forest/savanna banks (PF/S)—both had a significant and negative influence on price.  

This result is logical in the case of BLH, which represented 67% of all transactions 

sampled.  Indeed, BLH banks are the most prevalent bank type in Louisiana, accounting 

for 63% of all wetland mitigation credits sold during the last decade.  However, the 

negative influence of PF/S on credit prices from non-coastal banks is less clear.  This 

category of banks constitutes only 10% of the transaction data sampled and only 22% of 

all wetland mitigation credits sold in the state during the last decade (U.S. Army Corps of 

Engineers, 2007). 

In summary, the research presented above provides a number of interesting 

findings that could be of value to prospective investors in Louisiana’s wetland mitigation 

banking industry.  Some of these findings are consistent with the expected economic 

relationships between supply and demand, while others are less intuitive.  Clearly, the 

market for coastal banks appears to be the most lucrative; however, the higher risks of 

conducting business in the coastal zone could be a deterrent for potential investors.  

Furthermore, state and federal agencies in charge of authorizing mitigation banks have 

been increasingly hesitant to approve coastal banks due to these very risks.  As expected, 

entrepreneurs would benefit from developing low-priced rural land adjacent to urban 
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areas with high population.  Surprisingly, the presence of other banks in a particular 

watershed does not necessarily infer that price competition will be problematic.  

Prospective bankers would also be well served by selecting projects for specific clientele.  

Selling large amounts of credits to commercial entities appears to be the most lucrative 

marketing strategy. 

Limitations 

As is the case with many forms of research, certain constraints limited the level of 

analysis possible within the study.  In many cases, information from permit files was 

incomplete or organized in an inconsistent manner.  For example, the permitee is required 

to provide location of the impact area; however, these data were often listed as street 

addresses, which required geo-coding into spatial coordinates.  More precise coordinates 

for the impact area would have provided more relevant data (e.g., 20 observations were 

removed from the data due to insufficient locational information).  For instance, if the 

impact were due to a pipeline, the area listed could stretch through four or five parishes.  

A center point for impact could not be chosen for this observation due to the variety of 

habitat impacted as well as the different mitigation bank purchases required for the one 

permit. 

Differing requirements for documenting economic data also proved problematic 

in researching the permit files.  Because it is not the agencies’ position to set or regulate 

credit prices, most bank sponsors and permitees do not include information on the 

quantity and value of credit transactions.  This limitation is evidenced by the fact that of 

616 files reviewed, only 165 (27%) contained sufficient economic data on credit 

transactions.  For those files that did contain economic data, transaction information was 
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often limited to a standard memo from the mitigation bank sponsor detailing the name of 

the permitee and the number of acres purchased.  In most cases, wetland mitigation units 

were reported as acres (not credits) and thus the credit-to-acre ratio (i.e., trading ratio) 

was unclear.  This limitation forced the interchangeable use of the terms credit and acre 

throughout the study.  

Time limitations played a role in dictating the number of transactions collected.  

An effort was made to sample permits in a temporal and spatially objective manner.  The 

inconsistent nature of the data recording process, however, made equitable sampling 

difficult. 

In order to estimate the effect of a new mitigation bank’s presence in a watershed, 

a total number of available credits from each bank in that watershed would be necessary. 

For this reason, the competition variable used in this study could not be fully quantified. 

Due to the large number of transactions and the lack of detailed economic reporting, it is 

impossible for state agencies to derive a current ledger for wetland mitigation credit sales. 

Finally, the degree to which this study satisfies the conceptual requirements of a 

hedonic model remains in question.  Principles brought about by Rosen (1974) suggest a 

two-step process in which market demand drivers are estimated and first-order 

conditions, or optimization equations, are used in conjunction with marginal prices in 

order to offset preferences and technology.  The models presented here may be best 

described as simply a spatial-economic depiction of Louisiana’s wetland mitigation 

banking industry. 
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Additional Research 

It should be noted that the original proposal for this thesis called for a survey to 

characterize the economic, technological, and policy issues of the Louisiana wetland 

mitigation banking industry.  That objective changed with prospect that permit files were 

indeed public information, and thus actual transaction data could be gathered.  The 

prospect of collecting revealed, versus stated price data, caused the methods of this 

project to change.  Nevertheless, there are numerous issues that a survey effort could 

address, and future surveying of the industry in Louisiana could prove beneficial to 

investors and regulators. 

Louisiana’s credit prices rank very low by regional and national standards. 

Additional research is needed to determine whether this pricing regime is sufficient, or 

poses a long-term threat to the economic viability of the industry in this state.  One 

possible area of information that could be generated from an industry survey pertains to 

the cost structure of different banks and the degree to which future obligations and risk 

are embedded in the market price of credits. 

From a policy standpoint, an inventory of current, available credits in a particular 

watershed in a given month would be beneficial.  Development of such an inventory 

would allow for a more complete evaluation of the economic effects of competition on 

credit prices within a particular watershed.  For example, current federal guidance—if 

followed—creates a monopoly situation for a single bank in a given watershed.  

However, examining the degree of monopoly power for a single mitigation bank requires 

more accurate tracking of available credits. 

A map of available wetlands in a watershed coupled with an examination of the 

wetland loss rates might also yield valuable information related to wetland credit prices.  
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To some extent, this information is contained in the 20 hydrologic unit codes (HUC) 

delineated for Louisiana.  Use of HUC data was not possible in this study due to a lack of 

detailed biophysical information that would allow for sufficient aggregation.  An 

aggregated set of HUC data by habitat type would allow for a smaller, more manageable 

representation of these codes. 

Finally, a more in-depth look into the number of mitigation banks in the coastal 

zone is greatly needed.  With only nine banks currently authorized in this region, it is 

likely that a substantial portion of development impacts is being mitigated off site or not 

at all (i.e., in lieu of fees).  Clearly, there is institutional hesitancy towards approving 

more coastal mitigation banks, however, the reasons behind this hesitancy are not fully 

understood.  It is logical that agencies would proceed with caution because of the 

additional environmental risk in coastal areas (e.g., hurricanes, coastal land loss). 

However, in cases where acceptable lands are available (e.g., less vulnerable, higher 

elevation), should not such banks be encouraged?  In short, would it be more beneficial 

for developers to purchase credits from a coastal mitigation bank with high risks but 

similar habitat—or to have them mitigate in non-coastal watersheds?  The economic and 

environmental implications of alternative policies for mitigation banking in this region 

should be further examined. 
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APPENDIX A:  FUNCTIONAL FORM DETERMINATION 
  

The TRANSREG Procedure 
                                      Transformation Information 
                                          for BoxCox(AVGCO) 
  
                                  Lambda      R-Square    Log Like 
                                    -3.00          0.15     -996.45 
                                   -2.75          0.15     -947.78 
                                   -2.50          0.16     -900.77 
                                   -2.25          0.16     -855.67 
                                   -2.00          0.17     -812.80 
                                   -1.75          0.17     -772.54 
                                   -1.50          0.18     -735.35 
                                   -1.25          0.19     -701.80 
                                   -1.00          0.21     -672.67 
                                   -0.75          0.23     -649.00 
                                   -0.50          0.25     -632.30 
                                    -0.25         0.27   -624.61 < 
                                    0.00          0.27     -628.56 
                                    0.25          0.27     -646.86 
                                    0.50          0.24     -681.43 
                                    0.75          0.21     -732.51 
                                    1.00          0.17     -798.51 
                                    1.25          0.13     -876.66 
                                    1.50          0.10     -963.95 
                                    1.75          0.08    -1057.80 
                                    2.00          0.07    -1156.25 
                                    2.25          0.06    -1257.97 
                                    2.50          0.05    -1362.06 
                                    2.75          0.04    -1467.91 
                                    3.00          0.04    -1575.14 
  
                                < - Best Lambda 
                                * - Confidence Interval 
                                + - Convenient Lambda 
   
                 TRANSREG Univariate Algorithm Iteration History for BoxCox(AVGCO) 
  
             Iteration    Average    Maximum                Criterion 
                Number     Change     Change    R-Square       Change    Note 
             
ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1    0.00000    0.00000     0.26583                 Converged 
  
             Algorithm converged. 
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APPENDIX B:  OUTLIERS IN DATASET (MORAN’S I) 
 
 

 
 

Moran’s I BoxPlot (outliers) 
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