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Abstract 
 

Riparian wetland buffers (RWBs) are a low cost solution to water quality and runoff management issues. The 
placement of RWBs within a watershed must be optimized to minimize cost, social impacts and cultural impacts 
whilst maximizing environmental benefits including nutrient removal, erosion protection, sediment removal, stream 
temperature regulation, flood buffering, large woody debris sourcing, habitat connection and biodiversity 
enhancement. This project has developed a land score system for siting RWBs using the cost-benefit analysis 
framework. Unlike other buffer placement models, this technique does not assume that buffers will be placed 
adjacent to known streams. Instead, benefits were assessed using a combination of several quantitative metrics: 
terrain-landuse analysis to identify areas of high areal pollutant flux; distance from streams to encompass riparian 
functions such as stream temperature regulation, large woody debris and streambank erosion; minimum cost corridor 
delineation to assess habitat connectivity; and the Mauri Model decision-making framework to account for human 
factors often difficult to quantify including social, cultural, environmental and economic factors. The result is a 
simple, flexible wetland-siting tool that utilizes readily available data and can easily be implemented by land 
planners in a variety of watersheds. This decision making tool was applied to the Tarawera Watershed in the Bay of 
Plenty, New Zealand to delineate optimal areas for riparian wetland restoration. The metrics used in this tool proved 
effective in anticipating ecological, hydrological, geological, environmental and anthropologic constraints. The final 
result was a detailed map indicating areas best suited for buffer placement. In addition, the broad incorporation of 
weighting factors, defined on a per-project basis allows the technique to yield to different management goals and 
geographic locations while still maintaining a scientific decision making framework.  

 

Keywords Habitat Restoration, Habitat Preservation, Riparian, GIS, Buffer, Mauri Model 

 

 

1. Introduction 

 
Riparian buffers are common Best Management Practices (BMPs) for contaminated runoff treatment and 
management. Riparian buffers are concentrated sources of ecological benefit relative to their areal extent1. Riparian 
restoration aims to restore the ecological functions of stream bank ecosystems including2, 3:  
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1. Reduction of nutrients including nitrogen and phosphorous in runoff4, 5, 6, 7, 8. 
2. Reduction of sediment loading in streams by preventing erosion9, 10, 11 and trapping sediments12. In addition, 

phosphorous is often transported in sediment, thus trapping these sediments prevents phosphorous from 
entering streams13, 14. 

3. Support high biodiversity15, 16, 17. 
4. Provide corridors for species dissemination and movement that is essential to sustain populations in highly 

impacted regions18, 19, 20. 
5. Source of large woody debris (LWD) to streams which provides habitat for aquatic fauna, traps inorganic 

sediment and stores organic matter21, 22. 
6. Stream temperature regulation23, 24, 25, 26. Temperature regulation is important for maintaining high 

dissolved oxygen and controlling pathogens26. 
7. Buffer flood events27. 

 

   According to Schlosser28, Kauffman et al.29 and Crumpton30, watershed scale riparian management is necessary in 
order to see large gains in environmental and water quality. Because financial resources for riparian restoration are 
typically less than what is required to restore all sites within a watershed, spatial prioritization is necessary to choose 
restoration areas31. Placement of riparian buffers at the watershed scale remains a topic of needed research30, 32. 
   Because of its simplicity, the most prevalent method for buffer placement is delineation a fixed distance from 
streams. However, determination of buffer width presents a difficult decision to policy makers who are rarely versed 
in the scientific peculiarities of buffer placement33. As a result, buffer width is either delineated arbitrarily, 
politically or by educated guess34. Additionally, fixed-width riparian buffers fail to account for spatial differences in 
hydrology, ecology, land use, economics and culture 33, 35. Because of these limitations, fixed-width buffers do not 
afford maximum protection of streams36. 
   The alternative to fixed-width buffering is prioritization of sites through physical models and decision support 
tools. In order to rank sites for restoration or preservation, Hyman and Leibowitz31 propose that the projected 
marginal change in ecosystem benefit must be compared to the projected marginal change in restoration effort. This 
paradigm is analogous to cost-benefit analysis, a common decision making framework31. However, while benefits 
typically are expressed in monetary terms in the cost-benefit framework, the benefits of riparian buffers are not as 
easily expressed this way31. The method used by Hyman and Leibowitz has been applied successfully by37. 
   Often, complex scientific models are difficult to implement because of extensive data and computation 
requirements. Methodical simplicity is therefore a key element in a successful riparian buffer placement tool. 
Educated assumptions and substitution of empirical models for intricate physical models can simplify complex 
models. While these simplifications relieve intense data requirements, they often add a multitude of constants and 
weighting factors. Definition of these values is difficult to perform scientifically because they do not represent 
fundamental constants. Because the goals of RWB projects vary, definition of these constants by estimation serves 
to better define these restoration goals in the output of the decision support tool. However, in order to be effective a 
decision making tool, the values of these constants must be decided on by all parties involved in the project. 
Morgan38 provides methods for this type of group decision-making which are beyond the scope of this paper. 

 

 

2. Methodology 

 
2.1 Study Site 
 
The Tarawera Watershed is a catchment of 980 km2 located in the Bay of Plenty region of New Zealand. The 
primary anthropogenic influences to this region include: 
 

1. Wetland draining in the lower watershed, causing flooding issues. 
2. Land cover within the Tarawera Watershed is 21.51% ‘high producing exotic grassland’ that is used for 

dairy production39. The Runoff from this land-use generally contains high concentrations of nitrogen, 
phosphorus and fecal coliform bacteria. 

3. The Tasman pulp and paper mill uses 260,000 m3 of water from the Tarawera river daily which, though 
treated, is released with higher turbidity and likely other contaminants are present downstream of this 
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discharge point40. Adjacent to the plant is a disposal site where mill waste was once dumped that contains a 
significant amount of toxic material that is leaching into groundwater including: lead, cyanide, zinc, 
chromium, ammonia, polychlorinated biphenyls (PCBs), dioxins, furans, phenols, chlorine, oil and oxygen 
demanding waste sludge41. There is potential for contaminent trasfer from the site into the river42. 

4. Large portions of the watershed are used for agroforestry of Pinus radiata to supply the paper mill with 
timber. 
 

   There are a number of different stakeholders within the Tarawera watershed. Farms, logging operations and the 
pulp and paper mill are the most significant capitalistic interests that could be affected by riparian buffer 
implementation. The indigenous Māori people own a large portion of the lands within the watershed. However, their 
culture dictates treatment of land not as a capital commodity but as a sacred resource to be conserved. The principal 
of kaitiakitanga, best translated as guardianship, strongly influences the land use decisions of the Māori people43. 
Land also has mauri or ‘life-force’ that must be maintained and improved for future generations.  

 
2.2 Data Sources 
 

• 20m topography, exotic vegetation and marae location data was sourced from Land Information New Zealand 
(LINZ), Wellington, New Zealand.  

• Landcost, soil type, prehuman vegetation, geothermal features and historic flooding from a 2004 flood data 
was obtained from Environment Bay of Plenty (EBOP), Whakatane, New Zealand.  

• Surface catchment delineation was produced by Wayne Smith, John Douglas and Michele Hosking for 
EBOP.  

• Landuse was procured from The New Zealand Ministry for the Environment, Wellington, New Zealand, 2002 
Land Cover Database Version 2 (LCDB2). The land classification data was converted from LCDB2 format, 
to the more common United States National Land Cover Database (NLCD) using the methods developed 
by Hoefner39. 
 

2.3 Hydrological And Pollutant Modeling 
 
Terrain analysis44 was used to analyze hydrology and pollutant transport within the watershed. The wetness factor 
(W), developed by Beven and Kirkby45 is an established terrain-based indicator of soil dampness that correlates with 
natural wetland distribution46, 47: 
 
 

W = ln
A

T ⋅ tanS

 

  
 

  
          (1) 

 
 

   Where A is drainage area of the catchment above the point of interest, T is the local soil transmissivity and S is the 
slope angle. This factor has successfully been applied to riparian buffer placement modeling by Moore et al.48, 
O’Neill et al.49, Russell et al.50, Qiu51, and Anderson et al.52. In order to reduce data requirements, soil transmissivity 
was neglected by Russell et al.50 and O’Neill et al.49 and will be in this study. While this model was intended for 
wetland identification, it is appropriate for this study because wetland environments are adept at removing a variety 
of contaminants27. Therefore, these areas should be prioritized for preservation and restoration.  
 

 

 

 

 

 

 



 

 

 

 

Table 1 – The nominal pollutant scores for varying land 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Pollutant source areas can be roughly delineated on the wate
transportation infrastructure and drainage systems can affect transport mechanisms
ignored in this study as is consistent with 
   In order to address prioritize areas for restoration, a modified wetness factor that takes into account likely sources 
of contamination was used:   
 
 

 

ψ = P ln
A

tan S

 

  
 

  
   

 
 

  Where 

 

ψ  is the pollutant accumulation factor, 

 

point of interest, A is the drainage area of the catchment above the point of interest
nominal pollutant score (P) for each cell is a function of land classification as shown in Table 1.
(A) of the catchment above a point was assessed using the eight
Domingue55. The pollutant accumulation factor is readily computed using the FLOWACCUMULATION function in 
Spatial Analyst (ArcGIS) with a weighting factor exp(P).
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The nominal pollutant scores for varying land uses. 

Pollutant source areas can be roughly delineated on the watershed scale using land use data
transportation infrastructure and drainage systems can affect transport mechanisms53, 54, these mechanisms were 
ignored in this study as is consistent with Qiu51. 

In order to address prioritize areas for restoration, a modified wetness factor that takes into account likely sources 

       

is the pollutant accumulation factor, 

 

P  is the mean nominal pollutant score in the catchment above the 

is the drainage area of the catchment above the point of interest, and S is the slope angle.
) for each cell is a function of land classification as shown in Table 1.

) of the catchment above a point was assessed using the eight-direction (D8) flow model presented by Jenso
The pollutant accumulation factor is readily computed using the FLOWACCUMULATION function in 

Spatial Analyst (ArcGIS) with a weighting factor exp(P). 

rshed scale using land use data51. Although 
, these mechanisms were 

In order to address prioritize areas for restoration, a modified wetness factor that takes into account likely sources 

 (2) 

is the mean nominal pollutant score in the catchment above the 

is the slope angle. The 
) for each cell is a function of land classification as shown in Table 1. The drainage area 

direction (D8) flow model presented by Jenson and 
The pollutant accumulation factor is readily computed using the FLOWACCUMULATION function in 



 

 

 

 
2.4 Cultural Assessment 
 
Quantification of social and cultural impacts of water
assess the societal impacts of these measures
indigenous people, a decision support tool based on improvement o
metric to assess societal riparian buffer benefits.
culture: economic, environmental, social and cultural
of these well-beings based on the nature of the project.
mauri, is assigned for each metric with 2 representing full restoration of mauri; 1, partial restoration; 0, no change; 
1, partial degradation; and -2, complete degradation. To adopt this model to GIS, each value in a data layer such as 
land use was assigned a value for change in mauri as shown in Table 2.
Watershed Mauri Model evaluation included land cover, historical wetland cover, historical flooding and geothermal 
features. Although the framework of this model is based on Māori culture, the assessment performed in this study 
uses metrics that are not exclusive to the Māori
 
Table 2 -The spatial mauri model assessment criteria.
then the score for each possible value within that layer is given
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   The final Mauri Model score for a cell is a weighted average of the four well
depends heavily on one’s point of view.
viewpoints, suggested by Morgan, is 30% economic, 30% environmental, 20% social and 20% cultural.
weighting was used for analysis of the Tarawera Watershed.
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Quantification of social and cultural impacts of water quality improvement methods is needed to more completely 
assess the societal impacts of these measures56. Because of the difference in values between capitalist society and 
indigenous people, a decision support tool based on improvement of mauri, called the Mauri Model
metric to assess societal riparian buffer benefits. The model is based on four primary well-beings central to Māori 
culture: economic, environmental, social and cultural well-being. Typically, a set of metrics is devised to as

beings based on the nature of the project. Then, an integer value from -2 to +2, representing change in 
mauri, is assigned for each metric with 2 representing full restoration of mauri; 1, partial restoration; 0, no change; 

2, complete degradation. To adopt this model to GIS, each value in a data layer such as 
land use was assigned a value for change in mauri as shown in Table 2. The data incorporated into the Tarawera 

cluded land cover, historical wetland cover, historical flooding and geothermal 
Although the framework of this model is based on Māori culture, the assessment performed in this study 

uses metrics that are not exclusive to the Māori people, and therefore represents an even societal assessment

The spatial mauri model assessment criteria. The scoring structure broken down by the influencing layer;
then the score for each possible value within that layer is given  

The final Mauri Model score for a cell is a weighted average of the four well-beings. The weighting for this 
depends heavily on one’s point of view. A good compromise between western viewpoints and indigenous 

y Morgan, is 30% economic, 30% environmental, 20% social and 20% cultural.
weighting was used for analysis of the Tarawera Watershed. 

quality improvement methods is needed to more completely 
. Because of the difference in values between capitalist society and 

e Mauri Model38 was used as a 
beings central to Māori 

Typically, a set of metrics is devised to assess each 
2 to +2, representing change in 

mauri, is assigned for each metric with 2 representing full restoration of mauri; 1, partial restoration; 0, no change; -
2, complete degradation. To adopt this model to GIS, each value in a data layer such as 

The data incorporated into the Tarawera 
cluded land cover, historical wetland cover, historical flooding and geothermal 

Although the framework of this model is based on Māori culture, the assessment performed in this study 
people, and therefore represents an even societal assessment38. 

The scoring structure broken down by the influencing layer; 

The weighting for this 
A good compromise between western viewpoints and indigenous 

y Morgan, is 30% economic, 30% environmental, 20% social and 20% cultural. This 



 

 

 

 

2.5 Large Woody Debris, Temperature Regulation And Streambank Erosion Prevention
 
The three ecological metrics presented above are all assessed independently of known stream locations.
there are several riparian buffer functions that mandate streamside buffering: large woody debris (LWD) production, 
temperature regulation and prevention of streambank erosi
called the riparian function score (R). 
historic vegetation where native vegetation is no longer present as to represent the res
Table 3 presents the scoring functions and justification for these scoring methods is given below.
 
Table 3 - The scoring formulas used to evaluate the riparian function score (R). Brackets indicate a true/false 
function where a true statement results in an output of 1 and false an output of 0.
 
 
 
 
 
 
 
 
 
   According to studies in Alaska57, Oregon and 
the stream. In addition, production of LWD decreases as distance i
requires forested land. It will be assumed that land will be restored to the historic vegetation type.
   Temperature regulation by riparian buffers is dependent on the height and density of vegetation surroun
stream24, 26. Because of this, forested areas are scored highest followed by wetlands then shrublands.
superior models for temperature regulation are available
additional data. 
   Streambank erosion is prevented by vegetation of any type present on the banks.
vegetation can be more effective at bank stabilization, this study assumes that all riparian vegetation is equally 
effective. The broad vegetation classific
 

2.6 Financial Cost Estimates 
 
The costs associated with habitat construction and restoration include land cost, demolition, clearing, grading, soil 
conditioning and planting. In addition, culverts and flow regulation devices are necessary, but lack predictable areal 
costs. Therefore, these costs are included in the planting costs.
for the Tarawera Watershed are shown in Table 4
Construction Handbook59. Establishment costs were based on 
cost of land was based on rate determining land cost provided by Environment Bay of Plenty.
calculated in New Zealand Dollars. Ongoing maintenance costs and opportunity cost (foregone interest) were not 
included in the cost estimation, thus the cost estimate given represents only the present value initial cost.
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Large Woody Debris, Temperature Regulation And Streambank Erosion Prevention

presented above are all assessed independently of known stream locations.
there are several riparian buffer functions that mandate streamside buffering: large woody debris (LWD) production, 
temperature regulation and prevention of streambank erosion. These functions will be combined into one score 

 This score will be based on landuse where there is native vegetation and on 
historic vegetation where native vegetation is no longer present as to represent the restored state of the watershed. 
Table 3 presents the scoring functions and justification for these scoring methods is given below.

The scoring formulas used to evaluate the riparian function score (R). Brackets indicate a true/false 
a true statement results in an output of 1 and false an output of 0. 

, Oregon and Washington58, LWD in streams is sourced only from within 30m of 
In addition, production of LWD decreases as distance increases from streams. Finally, LWD production 

It will be assumed that land will be restored to the historic vegetation type.
Temperature regulation by riparian buffers is dependent on the height and density of vegetation surroun

Because of this, forested areas are scored highest followed by wetlands then shrublands.
rature regulation are available24 these models quickly become complex and require 

nk erosion is prevented by vegetation of any type present on the banks. Although different types of 
vegetation can be more effective at bank stabilization, this study assumes that all riparian vegetation is equally 

The broad vegetation classifications available are not specific enough for a more in depth analysis.

The costs associated with habitat construction and restoration include land cost, demolition, clearing, grading, soil 
addition, culverts and flow regulation devices are necessary, but lack predictable areal 

Therefore, these costs are included in the planting costs. The cost determination structure and predicted costs 
a Watershed are shown in Table 4. Modification costs were sourced from Rawlinsons New Zeal

. Establishment costs were based on Frimpong et al.60 and Wossink 
cost of land was based on rate determining land cost provided by Environment Bay of Plenty.

Ongoing maintenance costs and opportunity cost (foregone interest) were not 
included in the cost estimation, thus the cost estimate given represents only the present value initial cost.

Large Woody Debris, Temperature Regulation And Streambank Erosion Prevention 

presented above are all assessed independently of known stream locations. However, 
there are several riparian buffer functions that mandate streamside buffering: large woody debris (LWD) production, 

on. These functions will be combined into one score 
This score will be based on landuse where there is native vegetation and on 

tored state of the watershed. 
Table 3 presents the scoring functions and justification for these scoring methods is given below. 

The scoring formulas used to evaluate the riparian function score (R). Brackets indicate a true/false 

, LWD in streams is sourced only from within 30m of 
Finally, LWD production 

It will be assumed that land will be restored to the historic vegetation type. 
Temperature regulation by riparian buffers is dependent on the height and density of vegetation surrounding the 

Because of this, forested areas are scored highest followed by wetlands then shrublands. Although 
these models quickly become complex and require 

Although different types of 
vegetation can be more effective at bank stabilization, this study assumes that all riparian vegetation is equally 

ations available are not specific enough for a more in depth analysis. 

The costs associated with habitat construction and restoration include land cost, demolition, clearing, grading, soil 
addition, culverts and flow regulation devices are necessary, but lack predictable areal 

The cost determination structure and predicted costs 
Modification costs were sourced from Rawlinsons New Zealand 

and Wossink and Osmond61. The 
cost of land was based on rate determining land cost provided by Environment Bay of Plenty. All costs were 

Ongoing maintenance costs and opportunity cost (foregone interest) were not 
included in the cost estimation, thus the cost estimate given represents only the present value initial cost.  



 

 

 

 
Table 4 – The cost determination structure for the wetland placement model. Costs (NZ$) are broken down by the 
influencing layer then the classification within that layer and given in New Zealand dollars.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.7 Land Score Computation 
 
Suitability of sites for CWs will be based on a combination of traditional cost
analysis. The final land score (S) was based on the following formula:
 
 

 

S =
0 M ≤ 0 or 

k1ψ + k2M + k3R

C
M >

 
 
 

  

 
Where 

 

ψ  is the pollutant accumulation factor; 

and k3 are weighting constants; and C is the cost. 
are assigned values of 0. The assessment of benefits was based on the weighted average approach u
and Trepel62 and Mollot and Bilby63. By combining 
identified that achieve multiple goals simultaneously
 
The weighting constants k1, k2 and k3 were found using the following equations:
 
 

 

k1 =
Cmin

ψmax

 (4)  

 

 
 

Where Cmin is minimum cost per square meter,

maximum mauri model score, Rmax is the maximum riparian function score.
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The cost determination structure for the wetland placement model. Costs (NZ$) are broken down by the 
influencing layer then the classification within that layer and given in New Zealand dollars. 

Suitability of sites for CWs will be based on a combination of traditional cost-benefit analysis and Mauri Model 
analysis. The final land score (S) was based on the following formula: 

 or ψ < x

> 0

 
 
 

  
      

is the pollutant accumulation factor; M is the Mauri Model score; R is the riparian function score; k

is the cost. M scores below zero represent negative cultural improvement and 
sessment of benefits was based on the weighted average approach u

By combining several different buffer models with different priorities, sites
e multiple goals simultaneously1. 

were found using the following equations: 

 k2 =
Cmin

Mmax

 (5)  

 

k3 =
Cmin

Rmax  

minimum cost per square meter, 

 

ψmax
 is the maximum pollutant accumulation factor

is the maximum riparian function score. Equations 4-6 effectively 

The cost determination structure for the wetland placement model. Costs (NZ$) are broken down by the 

benefit analysis and Mauri Model 

 (3) 

is the riparian function score; k1, k2, 

scores below zero represent negative cultural improvement and 
sessment of benefits was based on the weighted average approach used by Palmeri 

several different buffer models with different priorities, sites are 

 .(6) 

pollutant accumulation factor, Mmax is the 

effectively normalizes the 
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pollutant accumulation factor, the Mauri Model score and the riparian function score to cost thus weighting each 
factor evenly. These weighting factors can be further adjusted on a per project basis to reflect the priorities of the 
project. 
 
 

3. Results & Discussion 

 
The model presented above uses several small components that each evaluate a portion of the effect that restoration 
or preservation of a parcel would have.  Each of these components was evaluated across the Tarawera Watershed 
and the results are described below. 
 

3.1 Model Assessment 
 
The pollutant accumulation factor, shown in Figure 1, mapped areas of likely pollutant contamination. In order to 
directly verify the results of the pollutant accumulation factor, one would have to perform an extensive analysis of 
contaminant sources throughout the watershed that includes not only hundreds of sample points, but repeated multi-
temporal sampling. Rather than testing for a full range of contaminants, biotic indicators could be used to assess 
how potent the pollutants at a particular site are. However, such an extensive study is beyond the scope of this paper. 
Rather, the effectiveness of the pollutant accumulation factor will be assessed qualitatively.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 – The pollutant accumulation factor computed across the Terawera Watershed. 

 
   Most of the viable areas identified by the model were located either in the northeastern coastal low-lands or in the 
valleys of the upper watershed. The valleys were prioritized because of the large area that drains into these areas. 
The lowlands conversely, were scored highly because their slope is extremely low. This result is sensible given that 
these areas were historically wetlands and that the pollutant accumulation factor was devised from the wetness 
factor, an indicator of wetland presence. While wetlands are highly valuable ecosystems, it is not likely that 
significant quantities of pollutants would reach all of the lowland areas identified, therefore negating their value in 
terms of pollutant removal. Thus, it seems that low slope is overvalued in the pollutant accumulation factor and that 
future modification of the model should reduce the influence of slope. 
   The final Mauri Model score is provided in Figure 2. One will notice that the lowland areas received rather low 
scores except for patches in the middle where historical flooding has taken place. The riparian function score for the 
Tarawera Watershed is shown in Figure 3. The lowland areas that were historically wetlands have smaller buffers 
surrounding the streams since these areas contribute less to temperature regulation and large woody debris. 
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Figure 2 – The overall Mauri Model assessment for the Tarawera Watershed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 The riparian function score computed for the Tarawera Watershed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – The initial cost (NZ$) of restoration and preservation per m2 
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  Figure 4 shows the initial cost per square meter for habitat restoration of a particular parcel. This cost includes the 
initial cost of purchasing land, the cost of clearing that land if necessary and the cost of planting that area. It does not 
account for future maintenance costs or the possibility of leasing the land. As is expected, developed areas are the 
most expensive with costs up to $65,600/m2 to restore while the low lying areas and the highlands around lake 
Tarawera are the least costly with costs as low as $65/m2. The areas in the middle of the watershed are mostly land 
used for logging of exotic Pinus radiata and have an intermediate cost with respect to other areas of the watershed. 
 

3.2 Habitat Restoration Suitability Score 
 
The final score was computed for the Tarawera Watershed from each of the layers discussed above and is given in 
Figure 5. One will notice that the low lying, northeastern areas of the watershed have some of the highest scores 
especially the large areas that have been historically impacted by floods. As noted in Section 3.1 the scores in this 
area may be somewhat inflated because of the high pollutant accumulation factor that results from the prioritization 
of low slope areas. The remainder of the watershed has concentrated areas surrounding the stream network where 
restoration and preservation should occur. This is interesting because only the riparian function score is linked to the 
stream network, as to account for specific effects that riparian restoration has on stream function. Thus, even thought 
this model is not specifically aimed at identifying riparian restoration zones, it identifies these areas as strong 
candidates for restoration.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – The restoration suitability score for the Tarawera Watershed 
 

3.3 Error 
 
Because of the extent of parameters involved in this buffer placement model, it is expected that error is not 
negligible. To further compound error within the model, there is imprecision in the geographic locations of up to 
±10m. Finally, layers such as soil type define hard boundaries between values when in fact there is a continuous 
gradient between these values. A detailed quantitative assessment of error within this model is beyond the scope of 
this project, but would be worthwhile for future study. 
 

3.4 General Applicability 
 
This model makes use of readily available data in a simple format that can be understood and applied by those with 
a non-technical background.  While precise modeling cannot be achieved with this approach, significant information 
relevant to decision making can be gleaned. Once a site has been identified using this model, it than can undergo a 
more rigorous suitability assessment. 
   In general the methods devised here are easily transferable to other watersheds. Although the Mauri Model was 
developed with Māori culture in mind, many other indigenous cultures share similar views (Morgan, 2006). Even 
beyond indigenous culture, populations of all nations can appreciate and the four well-beings of the Mauri Model, 
but the weighting between them may be different. Still, the Mauri Model has the distinct advantage of being able to 



  

 

2035 

 

evaluate parameters possessing intrinsic value rather than monetary value making it an essential part of any 
watershed assessment. 
   The rubrics used for calculating the pollutant accumulation factor, the riparian function score and the cost will 
certainly need to be adjusted based on geographic location. However, this adjustment should be straightforward. 
Areas where groundwater flow is significant hierologically will require more extensive alterations to the model such 
to account for the flow of pollutants underground. This is an topic for further research.  
 

 

4. Conclusion 

 
Future work is needed to assess the error associated with the model. Also, revision of the pollutant accumulation 
factor is needed such that extremely low slope areas are not given over-inflated scores.   Finally, future research 
should develop methods to account for groundwater flow throughout the watershed as this can be a significant 
means of pollutant transport.  
   This project has developed a viable means for siting CWs within a large-scale watershed. The output of the model 
is a set of potential wetland sites that are desirable based on pollutant removal capability, riparian restoration 
benefits, cultural consideration and economics. The method is simple enough to be applied by land planners with 
limited technical background and makes use of readily available data.  
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