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Executive Summary

This report first presents theoretical considerations for integrated resource management
of forested watershed and nearshore resources, then estimates current economic benefits
from nearshore resources (beaches and reef) as well as expected economic benefits, in the
form of preserved nearshore resource benefits, from conservation of forest resources.

Using runoff as the connecting ecological factor between beach values, reef values, and
forest quality, we determine the expected benefits of forest conservation to near-shore
resources under the status quo level of conservation as well as under a scenario in which
the Ko`olau Mountain Watershed Partnership Plan is fully funded.  Under the current
conditions, we predict an annualized deterioration in forest quality that leads to an
increase of runoff of 0.852% and 1.04%, while the increased spending is expected to
reduce this deterioration to an annualized rate of between 0.201% and 0.41%.

We estimate demand for beach days for tourists and residents. We then estimate that a
one percent increase in runoff increases fecal coliform bacteria counts by 0.5% and will
increase beach closure days similarly. We calculate that damages through lost beach days
will have a present value of between $12.5 million and $22 million with no mitigation,
and between $3.1 million and $8.8 million with conservation activities.  The expected net
benefit of mitigation is between $3.7 million and $18.9 million using a 1% discount rate
over 20 years with mitigating activities.

Additionally, in this winter season of 2004-2005, beach closures have increased
dramatically after heavy rains, and further increases in damages appear imminent.  The
decade from 1994-2003 was characterized by drought, with rainfall on Oahu averaging
approximately 25% less than long run averages. Since February 2004, with wetter
weather, there have been 125 beach closure posting days, 90 of which are attributed to
heavy rains overflowing existing sewer capacities.  Thus we expect damages to be higher
than reported here and increasing.

Demand for healthy reef is estimated per square meter and is based on amenity values,
recreational values, and fisheries values.  We estimate that a 1% increase in runoff will
decrease coral cover by only 0.00047%.  We estimate that approximately 79% of the 504
square kilometers of reef surrounding Oahu will be impacted by the increase in runoff
from the Ko`olaus, and that 8% of reefs lie below predominantly upslope conservation
land.  Minimum damages from decreased coral cover associated with a 15% increase in
runoff range from $393,000 to $1.156 million per year.  If the degradation takes place
over 20 years, using 1% discount rates, the minimum damages without mitigation are
estimated to have a present value between $478,000 and $583,000 using the values
generated by the estimation of coral cover loss due to sedimentation increases. Mitigation
decreases these damages to between $113,000 and $230,000 in present value.  The
savings from mitigation are thus between $240,000 and $470,000 in present value.
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The present value of mitigation costs is estimated at $14.9 million above current
expenditures over 20 years at a 1% discount rate.  The present value of damages with no
mitigation is estimated at between $12.978 million and $25.384 million, while the present
value of damages with mitigation is estimated at between $3.413 million and $8.8
million.  Thus, mitigation expenditures should reduce the present value of damages by
between $4.178 million and $21.971 million.

Though it is therefore questionable as to whether the benefit-cost ratio would be greater
than one for conservation costs versus near-shore benefits, two important points should
be apparent.  First, there are near-shore damages occurring due to upslope changes, and
these damages are expected by forest and water quality experts to increase over the next
20 years.  Second, upslope conservation activities will decrease the probability of
damages significantly over this time period, in addition to other benefits they convey
directly to forest quality.  These benefits should be included in any decision-making for
forest conservation expenditures.

Our report is limited in several components by scientific uncertainty.  We have learned
that there is little uniform consensus amongst scientific experts or land managers
regarding the impact of the upland watershed on the near-shore resources.  Additionally,
it is difficult to assess, both from a quantitative and a theoretical perspective, the correct
way to connect near-shore resources to economic benefits.  We have made some progress
in determining the value of beach recreation and coral cover to recreation, aesthetics, and
fisheries.  We have attempted throughout to generate lower bound estimates of the
benefits in order to present the most solid connection between forest conservation
expenditures and nearshore resource benefits.
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1. Overview

Near-shore resource quality is dependent not only on direct use but also on quality of
upland watershed.  Recent efforts at economic valuation of Hawaii’s coral reef assets
have generated values up to $10 billion dollars in present value, or $360 million per year
(Cesar, 2002).  Too often, the role of the watershed in protecting these valuable assets is
underplayed or ignored in policy decisions.  We investigate the economic implications of
expanding near-shore resource policy to include explicit upland conservation efforts.

Near-shore resources are directly damaged by tourists and residents, e.g. through water
pollution and alteration of marine ecosystems.  Less obviously but not necessarily less
importantly, beaches, reefs, and marine resources may also be damaged by runoff from
upland areas.  For example, runoff from forested watersheds can contribute to reef
sedimentation and nutrient loading in near-shore waters, and channelized streams
transport toxins to reefs, marine fisheries, and recreational areas.  Short-term turbidity
episodes may not kill reefs, but they will promote eutrophication and algal growth over
coral substrate growth.  The reduction in calcifying reef builders may result in smaller,
more slowly growing reefs that do not support as much ecosystem diversity or long run
biomass production.  Long run ecosystem service production will decline, including
beach and sand production, habitat quality for recreational divers and snorkelers, and fish
nurseries.  Since Hawaii’s reefs are young, at the edge of the reef-supporting climatic
zone, and without great diversity and resilience, they are particularly fragile.

Lacking an approach to integrated resource management, planners tend to impose
restrictions on direct use, e.g by closing beaches, limiting the number of visitors, or
restricting access.  By neglecting the indirect sources of resource degradation, however,
these restrictions are partially effective at best.  Moreover restricting access to the object
of tourism has the dual effects of shifting tourism to other, possibly ecologically fragile,
venues and of reducing overall tourism demand.  The latter has the additional effect of
reducing the economic tax base and rendering conservation projects even more difficult
to fund. With lower conservation budgets, user restrictions tend to be used more and
more as a conservation device, resulting in a vicious cycle of resource degradation and
diminishing fiscal capacity.

A more promising approach to near-shore resource conservation is to consider both direct
and indirect sources of ecological damage in formulating an integrated conservation
strategy. In particular, reducing runoff by conserving upland watersheds can be an
important component of near-shore resource conservation. In addition to protecting near-
shore resources, it reduces the need for user restrictions and concomitant erosion of
economic activity and fiscal capacity. Upland conservation also increases groundwater
recharge thus maintaining the value of groundwater aquifers and further avoiding the
drain on the economy and fiscal capacity that would accompany the required increases in
water prices.
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This study provides a preliminary estimate of the benefits of runoff mitigation, with
particular emphasis on the enhanced value of near-shore resources.  By demonstrating
both the importance and the difficulty of integrated resource management, the study will
also provide a prima facie basis for a broader multidisciplinary program of research to
examine the detailed linkages between terrestrial and marine resources and between
environmental resources and the economy.

To wit, we first provide a theoretical discussion for optimal policy integration.  We then
use this framework to guide the development of preliminary estimates of the economic
damage caused by pollution to the water quality and coral reefs on Oahu’s beaches, and
the portion of these damages caused by runoff and sedimentation from forested
watershed, particularly from the Ko`olau Mountain Conservation District. We then
investigate how changes in land cover affect runoff.  Knowing how much increased
runoff may come from deterioration in forest quality, we link the forest quality to the reef
quality and identify the amount of soil erosion and vegetation loss controllable by
conservation efforts.  Finally, we compare the benefits of the reduced damages to near-
shore resources with the conservation costs to prevent the additional runoff that may
occur without conservation activities.  These benefits are in addition to the direct benefits
from forest conservation, including preservation of species habitat, groundwater quantity
enhancement, and stream water quality.

The intent of this report is to promote integrated management of marine and terrestrial
environmental resources for the state of Hawaii in particular and to explicitly define the
interconnectedness among said resources to examine the potential benefits from such
integrated policy efforts.

Figure 1.1 summarizes the complexity of the problem. We superimpose the reef structure,
the watersheds that begin in the Ko`olau conservation district (which encompasses the
mountain range on the eastern half of the island, see Figure 2.1), the island’s roads and
trails, and known Miconia calvescens plants on a landsat photo of Oahu.  It is apparent
that particularly in the southern portion of the district, changes in forest quality may be
affecting downslope reef resources.  Miconia calvescens is an invasive species of concern
because it is believed to reduce forest cover and increase runoff and sedimentation.
Roads and trails are longstanding sources of concern for increasing runoff and
sedimentation in forested watersheds.  We surveyed forest and water quality experts to
determine the most significant threats to the forest, which include feral animals and fire
in addition to invasive plants and vehicular and trail access.  This information is
summarized below.

Figure 1.1: Integrated View of Watershed and Nearshore Resources on Oahu, HI
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2. Theoretical Considerations for integrated resource management

We illustrate our approach in a simple model that incorporates all the linkages that we
require for this study.  We envision that coastal resources (e.g., beaches, reefs, and water
quality) have a user demand whose value to society is measured by the present value of
the consumer surplus, or net benefit, of the resource over time.  In general, consumer
surplus decreases as the level of consumption increases, and as consumption increases,
the cost of producing the resources, in concert with nature, increases.  The costs of
coastal resource services increase as said resources are degraded through direct or
indirect mechanisms.  Disturbance in upland forests has been shown to impact the quality
and quantity of coastal resources available (e.g. Hamilton and King, 1983; Hoover, 2002;
Laws et al, 1994).

We map the relationship between forest conservation expenditures and coastal quality as
a combination of economic and physical processes. This direct relationship between
forest quality and coastal resource quality should be considered when decisions regarding
public expenditures and regulations for resource use are determined in order to maximize
the effectiveness of conservation measures.  Quantitative economic methods can be used
to successfully describe the optimal allocation of conservation efforts.
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In formal economic language: Dt
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Equation (5) tells us that, at the optimum, the R.H.S., i.e., the cost of an additional dollar
of conservation expenditure, mt, equals the L.H.S., i.e., the benefit of that conservation in
the form of nearshore damage avoided.  Here, we have formally established the economic
and physical process links that bind upland resource conservation to coastal resource
provision.

Theoretically, we can use this method to estimate the benefits from different conservation
expenditures as the present value form of the Hamiltonian above. However, due to the
scientific uncertainty regarding the full functional specification of the relationship of
runoff to vegetative cover and of the effects of maintenance expenditures on the forest
habitat, as well as the imperfect ability to define marginal benefits from near-shore
resources in a traditional demand function, we propose instead to estimate the benefits of
a discrete conservation expenditure program. To do so, define Hm as the present value of
benefits to conservation corresponding to equation (1) for conservation expenditures m,
and H0 as the present value with no conservation expenditures. Maximizing the benefits
determines the optimal near-shore resource consumption-profile for m and the maximized
value (H*) gives the present value of the near-shore resources with and without
conservation expenditures, m. Now,

B = Hm
* - H0

*

gives the benefits from conservation expenditures m, in  terms of the present values of the
near-shore resources, before accounting for other conservation benefits.

3. Current economic benefits from nearshore resources

Economic benefits from near-shore resources come from direct use and indirect use of
ecosystem services.  Direct uses are both consumptive and non-consumptive and include
recreational swimming, diving, boating, fishing, and beach visits.

3.1 Summary of marginal use beach values

Among the six main Hawaiian Islands, there are 24.4 miles of safe, clean, accessible
sandy swimming beaches and 184.9 additional miles of sandy shoreline (HI Databook,
1995, Table 7.42). Total beach attendance at guarded beaches on Oahu was 18.3 million
in 2003 (HI Databook, 2003, Table 7.49).

These beaches are a public good as there are legally generous public access rights to the
shoreline (defined as the upper reaches of the high seasonal surf).  Estimating demand for
recreational use of such resources requires either the Travel Cost method (TCM), which
uses the costs of visitors to spend a day at the beach, or the Contingent Valuation Method
(CVM), which surveys visitors for their willingness to pay to visit the beach for a day.  In
some cases, beach access fees provide additional information regarding willingness to
pay.  In Hawaii, only Hanauma Bay on Oahu has access fees.
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A handful of estimates for recreational use values for Hawaii’s beaches exist.  In 1995,
the popular beach, recreational snorkel and scuba spot, and nature preserve on Oahu,
Hanauma Bay, began charging $5 for a day’s admission for out-of-state visitors.  Later,
the fee was reduced to $3.  Using visitor numbers over 2 years and the change in the price
structure, one study (Kaiser et al, 1999) finds an insignificant relationship between price
and the number of visitors per month.  With only two prices, they use a linear demand
function specification and, lacking any detailed information about visitor preferences or
other potential influences during the time period, control for peak periods only.  This
insensitivity to price for a visitor day at Hanauma bay possibly reflects both the
uniqueness of the site and imperfect information for most tourists regarding substitutes
for the experience.

It may also reflect the low cost, as the prices for the sample period only included fee
entry, a $3 fee, or a $5 fee.  Though a large percent change in price, the absolute price
difference may strike many as inconsequential, rendering demand inelastic in this price
range.  A 2002 survey of willingness to pay for entry to Hanauma Bay indicates that
visitors would pay $11 per visit if a significant share of the fees went to maintaining and
improving reef quality.

In addition to reports on Hanauma Bay, Table 3.1 below summarizes the literature review
concerning beach day values in Hawaii and elsewhere.

Table 3.1: Beach Day Values

Author method
2003
value Survey Participants

Bell&Leeworthy
(86) CVM 2.43FL Beach residents
Bell&Leeworthy
(86) CVM 2.62FL Beach tourists

U.S. Army Corps
(94)

Unit
Day
Value 5.14

Unit day value of Waikiki beach
(residents and tourists)

Moncur (75) TCM 5.67Oahu residents
Binkley&Hanemann
(78) CVM 7.09

Boston residents
(substitution effect included)

Bell&Leeworthy
(86) TCM 19.01Florida Beach residents
Bell&Leeworthy
(86) TCM 54.31FL Beach tourists
Bell&Leeworthy
(90) TCM 63.00FL Beach tourists

The Bell and Leeworthy studies found that a linear demand function relating income,
travel day totals to Florida, age, parking, crowds, and travel costs was the best fit for the
data. They generate a price elasticity of demand of –0.18, also very inelastic.  While most
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variables had expected signs, crowds apparently increased people’s willingness to pay.
Either crowds, to a point, are attractive (parking inadequacy was a negative influence), or
there are aspects of beach quality that are not captured in their demand curve so that
crowded beaches are crowded for some amenity value.  Using the means as constant
values for all but price and beach days, the authors find a tourist individual demand
function (updated for inflation to $2003 using CPI) of:

P = $570 − 76.75Q .  (Bell and Leeworthy, 1986)

When the authors considered resident demand, crowds and parking were no longer
significant variables.  Additionally, the price elasticity was more elastic, at –0.29.
Residents presumably have more substitutes available to them.  Their updated individual
demand curve holding other parameters constant was estimated as

Pr = 221− 7.55Qr .  (Bell and Leeworthy, 1986)

Notice that the Travel Cost Method (TCM) used with visitors generates the highest
values, which is not surprising given the costs of flights or other travel to visit for a short
duration.  Only the Boston study attempts to account for substitution effects by
addressing the cost of going to the next most preferred beach instead.  This consideration
is valuable as it reminds beach users that there are alternative uses of their time and
money that do factor in to their decisions regarding beach use.

3.2  Summary of marginal use reef values (quantitative and qualitative)

From a 2002 study for NOAA and the Hawaii Coral Reef Initiative (Cesar, 2002) which
generated an overall present value for Hawaii’s reef assets of $10 billion, we calculate the
following ranges of per-unit marginal benefits from reef assets, by categorical type.
These values are taken from three locational case studies, each of which had a different
primary resource use.  One site, Hanauma Bay, is used mainly for recreational purposes.
The second site, on the Kihei coast of Maui, mainly generated property values from
aesthetic conditions concerning algal blooms.  The third site, the Kona coast, focused on
both recreational diving and aquarium fishing.

Table 3.2: Reef Valuation (Cesar, 2002)
Dollar net benefits per square meter of reef (calculated from Cesar, 2002)

Use: Minimum
value

Median value Mean
(Std Deviation)

Maximum
value

Recreation/Tourism $0.02 $1.00 $29.79
(50.72)

$88.36

Amenity/Property $0.00 $0.01 $0.76
(1.31)

$2.28

Biodiversity $0.01 $0.21 $0.98
(1.50)

$2.71

Fisheries $0.00 $0.01 $0.01
(0.01)

$0.02
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Education spillover $0.54
Total Annual Per-
Unit Benefits

$0.03 $1.24 $31.73
(51.91)

$93.91

We use these benefits to generate a demand curve for square meters of healthy reef
habitat.  We determine that

P = 2.4648 *1012 ⋅Q−1.3425 ,

where P is the marginal benefit derived from a square meter of reef and Q is the quantity
of reef available, measured in square meters.  (See appendix A1 for derivation of benefit
curve).

4. Relationship of sedimentation levels to marginal use resource values

4.1  Marine Pollution Due to Runoff from Conservation District

Marine Pollution in the form of suspended sediments and associated particulate nutrients
in Oahu’s waters arrive mainly through storm events (Hoover, 2002).  Hoover has studied
storm runoff at sites on Oahu that have conservation land use and compared them to
those that have agricultural and urban land uses as well. Using only a few sites, he has
insufficient data to quantitatively identify land use impacts, and attributes control of
specific discharge to rainfall, while noting that at one site at least (Opaeula) discharge is
much lower than would be expected if rainfall were the dominant factor at the site.  Table
4.1 summarizes for the 4 main sites.  Figure 4.1 shows how the four sites differ
significantly in characteristics other than land use. Kahana, while conservation land, is
quite steep, while Opaeula (in the Paukauila system) is much longer and passes through a
long flat portion of agricultural land. Heeia and Kaneohe offer the most similar
geophysical properties and differences between those two areas might suggest more
clearly the role of urbanization separate from other factors.

Table 4.1: Discharge from Hawaiian Streams (Hoover, 2002)
Site Con-

servation
% total

Agri-
cultural
% of
total

Urban
% of
total

Runoff %
of rainfall

Base
water
dis-
charge
%
total

Storm
water
dis-
charge
%
total

Base
suspended
sediment
discharge,
% of total

Storm
suspended
sediment
discharge,
% of total

Kahana 100 0 0 76 65 35 1.4 99
Heeia 100 0 0 40 90 9.6 7.8 92
Opaeula 56 44 0.2 31 (upper

watershed)
43 57 3.6 97

Kaneohe 84 0 16 41 84 16 32 68

We see that Heeia has more of its sediments discharged during storms than Kaneohe, and
slightly less of its water discharge.
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Figure 4.1: Streams Analyzed in Hoover (2002)

Blue lines indicate watershed boundaries.

Hoover’s analysis also provides regression parameters for annual specific sediment yields
from the study sites.  Though the relationships between yield and runoff are quite
different at each site, exponential functions fit the data fairly well for each watershed.
Table 4.2 shows the regression results from Hoover (2002) for the equation
Yield=A*RunoffB.  Yield is measured in kg/ha/yr while Runoff is in cm/yr.

Table 4.2: Sediment Yield Related to Runoff in Hawaiian Streams
Site A B R-sq Yield

(kg/ha/cm)
Kahana 6.3*10-6 3.4 .97 4.1
Heeia 5.1*10-5 3.8 .72 43
Opaeula 2.3 1.5 .84 10
Kaneohe 5.5*10-2 2.0 .60 8.3
Source: Hoover (2002) Table 3.17

There are no clear trends associated with land use, though it is possible that greater
conservation land increases the curvature of the relationship between yield and runoff,
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especially considering that Heeia’s geophysical properties resemble Kaneohe’s more than
Kahana’s though the estimated parameters are closer to Kahana’s.

There is evidence of a relationship between land use and the types of nutrients contained
in the sediments.  Conservation land sites (Kanana and Heeia) exhibit low, constant
values for dissolved nitrogen and phosphorus during low-flow conditions (Hoover,  2002:
175), but low-flow concentrations are more variable and higher for the agricultural and
urban sites.  The agricultural sites have the greater variability.  Particulate organic
nitrogen and particulate organic carbon appear to be comparatively depleted and less
variable at urban sites and urban site sediments contain more non-soil detritus both from
urbanization and because increased channelization increases the transport of sediments in
general.  Urban sites also have elevated particulate inorganic phosphorus, though the
reason is unclear.  Phosphate (PO4) levels are significantly elevated for urban areas,
particularly in storm periods and compared to global figures on similar watersheds.
(Hoover, 2002: 185).  There are elevated levels of nitrate (NO3) and ammonia (NH3) in
agricultural base flows and urban storm flows.

Hoover does not track the contaminants in runoff that generate beach closures (fecal
coliform, e. coli) or those that Hawaii is considering using as alternate mechanisms
(described below).  We use USGS data from 1988 to 1998 for Kaneohe to test for a
relationship between fecal coliform (col/100ml) and discharge (cfs). Observations were
taken on 34 occasions between Dec.1988 and Feb. 1998. Fecal coliform levels ranged
from a low of 870 col/100 ml (Sept 1989) to a high of 20,000 col/100 ml reached in both
Dec. 1991 and Feb. 1995.  Discharges on these dates were 17 cfs, 19 cfs, and 25 cfs
respectively, while the low discharge was 8 cfs in Oct. 96 (fec. col. 5200 col/100 ml) and
the high was 44 cfs in Apr. 89 (fec. col. 5400).  The correlation between fecal coliform
and discharge is 0.25.  Regression analysis using several different functional forms and
attempting to account for seasonal or annual fluctuations failed to illuminate a highly
significant relationship between fecal coliform levels and discharge.  Results are shown
in table 4.3.

Table 4.3: Influence of discharge on fecal coliform levels, Kaneohe Bay
Dependent variable = ln(fecal coliform), std. errors in parentheses.
Variable I II III IV V
ln(discharge) 0.48

(0.33)
0.51
(0.32)

0.49
(0.33)

0.50
(0.33)

0.52
(0.33)

Time of day -0.001
(0.0009)

-0.001
(0.001)

Month 0.013
(0.04)

Summer
dummy

0.12
(0.32)

0.13
(0.32)

Constant 6.68*
(0.88)

7.89*
(1.32)

6.58*
(0.94)

6.61*
(0.91)

7.81*
(1.35)

Nobs 34 34 34 34 34
Adj. R-sq. 0.03 0.05 0.01 0.01
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Though coefficients are only significant for the constant, they are stable across
regressions, with a 1% increase in discharge increasing fecal coliform by 0.5%.  Thus, for
expositional purposes, and until better scientific data is available, we will assume that if
discharge increases 15% from forest quality deterioration that fecal coliform levels and
related beach closures will increase 7.5%.

4.2  Beach closure conditions

Beach closures for health standards are determined by the HI State Department of Health
(DOH) based on Environmental Protection Agency (EPA) guidelines. For the state of
Hawaii, waters within 1000 feet of shore must meet a standard where the geometric mean
of enterococcus counts is less than or equal to 7 colonies per 100 ml.  The DOH has
added an additional test for Clostridia perfringens, which must have a median value less
than or equal to 5, in an attempt to more closely monitor sewage concerns.  As humid
tropical soils are capable of supporting enterococcus, e. coli, and fecal coliform bacteria
without sewage and the viruses these bacteria generally indicate, a correlation between
enterococcus levels and swimming related illnesses has not been established for Hawaii,
though the 7 colonies/100 ml standard was set based on temperate climate studies that
suggested this figure corresponded to 10 mild illnesses for every 1000 bathers.

Hawaii’s tropical climate fosters the production of other water-borne illnesses that are not
tested for and therefore will not induce beach closures.  These include approximately half
of the 100-200 cases of leptospirosis in the United States each year.  Leptospirosis is
particularly of concern in any discussion of tropical watershed because it is transmitted to
humans through freshwater and mud containing urine of animals carrying the bacteria.
Staphylococcus aureus is another concern for Hawaii, as it appears to survive in soils and
salt water and is increased with the presence of swimmers.

Beach days lost to runoff are therefore an underestimate of the actual water quality
problems in Hawaii stemming from watershed forest quality.  Beach closures and
warnings are relatively rare on Oahu.  From 1994 to 2003, individual beaches have been
posted as closed or with warnings a total of 82 days in 15 incidents (DOH, 2003).  Of
these 15 incidents, 3 are attributed to heavy rains causing the sewage system to overflow,
for a total of 18 days closed.  Thus 22% of beach days lost in the past 10 years have been
attributed to heavy rains.  Using daily average attendance at the beaches affected (Kailua
and Bellows), there were approximately 21,020 lost beach days for individuals at these
beaches over 10 years (HI Databook, 1999), from a total of approximately 169 million
beach days in ten years (46,423 beach goers per day) taken by tourists averaging 110,845
per day and residents numbering approximately 1,437,000 total. If we consider 82% of
beach days taken by tourists and 18% by residents, tourists account for 38,067 beach
visits per day and residents for 8,356 visits per day.  Average visits per year per resident
are then estimated to be 2.12 days and average visits per year per tourist are estimated to
be 0.47.  If 0.012% of these days are currently lost to runoff related beach values, we
generate an estimate of current damages in lost economic value (using the Bell and
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Leeworthy demand curves detailed above) equal to per person losses of $0.002 per tourist
and $0.004 per resident, for estimated total damages of $19,700.

The current health of the Ko`olaus, for the purpose of beach quality, appears healthy in as
much as we can measure beach quality by beach closures.  However, the period of 1994-
2003 exhibited very low annual precipitation levels, with annual precipitation averaging
27% below longer run levels (Hawaii Data Book, 2003).  As this report is finalized, new
figures for the most recent beach warnings suggest that heavy rains are playing a much
more significant role in beach postings and that the sewer capacity is inadequate to
handle higher than average rainfall.  Rainfall in 2004 was almost double the long run
average (as measured at Honolulu International Airport).   There were 75 beach closure
postings, 64 of which were attributed to heavy rains. To date in 2005, which has also
been a very wet year, there have been 50 beach postings, 26 of which were attributed to
heavy rains (DOH, 2005).  The dry weather over the previous decade suggests our
estimates of beach days lost are low for normal precipitation conditions.

5. Expert Opinion of Current Connection between Ko`olau mountain watershed
and Reef Quality

5.1 Survey Results

All of these rain-related beach closings occurred on Windward Oahu (Kailua and
Bellows), where the Ko`olau range is steep and rains travel quickly from summit to
shore.   We surveyed watershed and near-shore resource experts to determine the current
state of the watershed for the purpose of water quality and found the following responses
regarding current health of the Ko’olaus.

Ko’olau Mountain Conservation District Description

The Conservation District consists of almost 100,000 acres (40,000 ha) of undeveloped
land in Eastern Oahu.  The district runs along the spine of the Ko`olau mountains, which
reach a maximum elevation of almost 3300 ft (1000m). Rainfall is orographic and rises
from under 40 in (1000 mm) per year in the lower levels of the district to 280 in (7000
mm) per year at the highest elevations.  Rainfall occurs mainly in 2-3 day storm events,
though precipitation above about 2000 ft (600 m) is almost continuously augmented by
fog drip and reduced evapotranspiration due to significant cloud cover.  The land is
mostly mountainous and deeply dissected from erosion.  The windward slopes are
characterized by “steep cliffs and short ridges less than four miles long.”  The leeward
side “features parallel ridges as long as eleven miles, bounded by steep-sided stream
valleys.”
Forestry (water) expert agreement: 62%(48%).  Forestry (water) expert acceptance:
22%(35%). Forestry (water) expert disagreement: 0%(0%).

Land cover consists of a mixture of evergreen forest and scrub/shrub vegetation.  One the
leeward side, non-native vegetation is dominant to an elevation of about 430m, and
native vegetation is dominant at elevations above 500m.  The non-native vegetation is a
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combination of intentionally planted and accidentally introduced species.  Efforts at the
beginning of the 20th century to quickly stabilize forest structure led to plantings of silk
oak (Grevillea robusta), Paperbark (Meleleuca quinquenervia) and Eucalyptus spp. which
now share the lower elevations with mainly accidentally introduced Java plum (Syzgium
cumini), mango (Mangifera indica) and Kukui not (Aleurites moluccana).  Other non-
native species have “colonized the ridgetops and sides of gulches in lower areas.”  These
include Christmas berry (Schinus terebinthifolius). Strawberry guava (Psidium
cattleianum), and Koster’s curse (Clidemia hirta).

Forestry (water) expert agreement: 43% (17%).  Forestry (water) expert acceptance:
30%(70%).  Forestry (water) expert disagreement: 0% (0%).

Soils in the district are not well documented.  In general, the soils in HI “have a high clay
content and are highly permeable, but once [they] become compacted they can quickly
form an impenetrable layer.” The most common soil classification for the Conservation
district is rRT, rough mountainous land.  In the northern portion of the district, Kapaa
silty clay on steep slopes (KIG) is predominant. For further soil information, see
http://www.ctahr.hawaii.edu/soilsurvey/5is/oahuleft.htm.  Feral pigs (Sus scrofa) are
present in the area in unknown but potentially large numbers.  These are identified as the
primary mammal of concern for watershed quality.  There are nearly 500 miles of
continuous-perennial stream systems spread out across 43 named streams in the district.
Nearly half the total stream mileage is contained within five stream systems (Anahulu,
Paukauila, Ki’iki’i, and Waiawa Streams, and Waimea River).  17 intermittent streams
originate in the district, mainly on the leeward side.

Forestry (water) expert agreement: 30%(17%). Forestry (water) expert acceptance:
49%(61%). Forestry (water) expert disagreement: 0%(0%).

First, we detailed our understanding of the conservation district’s properties and asked
the experts whether they concurred.  The shaded area above details the watershed
properties and the level of agreement with the description by experts.  Expert acceptance
indicates that the survey participant indicated they would take our description as accurate,
as opposed to agreeing with the description in its entirety.  Figures do not total to 100%
because participants had the option of adding comments regarding the description, and
some of these participants did not explicitly choose whether they agreed or disagreed as
well.  The comments do not indicate any significant disagreements and mainly pertain to
details including capitalization or increased specificity about plants or soils.

The near-shore resource experts were then asked to indicate their opinions regarding the
current state of runoff and sedimentation affecting ocean resources on the windward and
leeward sides of the Ko`olaus. Areas in the windward region were divided by their
relationship to Kaneohe Bay (north of the bay, south of the bay, or in the bay). Areas in
the leeward Ko`olaus were separated into regions as follows: North, Pearl Harbor,
Honolulu, and Waikiki. Respondents could describe the runoff or sedimentation states as
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natural background levels, elevated by human intervention, reduced by human
intervention, infused with toxics, infused with other waste products, or they could
respond with unable to judge.

For almost all regions in the windward Ko`olaus, most respondents answered that runoff
and sedimentation were elevated by human intervention. Most did not believe runoff or
sedimentation states were at their natural background levels, although 23% believe that
the sedimentation north of Kaneohe Bay may be. On the other hand, 23% of respondents
thought that runoff north of Kaneohe has actually been reduced by human intervention, as
did 27% of respondents concerning runoff to the Bay itself. A number of respondents
(from 18-32%) said that runoff and sedimentation is currently infused by other waste
products in these areas. However, a large percentage of respondents (23-32%) were
unable to judge these conditions in the given areas.

The results for the leeward side were similar, except that only one respondent believed
that runoff in the northern region could be at its natural background level, no other
respondents suggested any other region could share this characterization. Again, most
experts answered that both runoff and sedimentation in all areas were elevated by human
intervention, and many thought they were infused with both toxics and other waste
products. Very few believe runoff has been reduced by human intervention, and even
fewer believe sedimentation has been reduced by human intervention. Tables 5.1 and 5.2
summarize these findings.

Table 5.1: Expert opinion on Windward Ko`olaus as source of sedimentation and runoff
Natural
Background
Levels

Elevated by
human
intervention

Reduced by
human
intervention

Infused
with
toxics

Infused
with
other
waste
products

Unable
to judge

Runoff
(streamflow)
N of Kaneohe
Bay

10% 33% 24% 10% 24% 33%

Runoff to
Kaneohe Bay

0% 38% 29% 24% 33% 29%

Runoff S of
Kaneohe Bay

0% 52% 10% 24% 29% 29%

Sedimentation
N of Kaneohe
Bay

24% 48% 0% 10% 19% 33%

Sedimentation
to Kaneohe
Bay

0% 62% 10% 14% 29% 24%

Sedimentation
S of Kaneohe
Bay

5% 65% 0% 10% 25% 30%
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Table 5.2: Expert opinion on Leeward Ko’olaus as source of sedimentation and runoff
Natural
Background
Levels

Elevated by
human
intervention

Reduced by
human
intervention

Infused
with
toxics

Infused
with
other
waste
products

Unable
to judge

Runoff
(streamflow)
North

5% 38% 14% 24% 24% 43%

Runoff to
Pearl Harbor

0% 57% 14% 29% 33% 29%

Runoff to
Honolulu

0% 52% 10% 29% 29% 33%

Runoff to
Waikiki

0% 52% 10% 29% 33% 33%

Sedimentation
North

0% 62% 5% 19% 19% 38%

Sedimentation
to Pearl
Harbor

0% 65% 5% 20% 30% 25%

Sedimentation
to Honolulu

0% 52% 5% 24% 24% 38%

Sedimentation
to Waikiki

0% 48% 10% 24% 19% 38%

Clearly there is some controversy over the connection between human interaction in the
watershed and near-shore resource quality, though most respondents believe that runoff
and sedimentation rates are not at their natural background levels. About one quarter of
respondents feel that all watersheds are impaired with toxics and other waste products,
and over 50% believe there are elevated levels of runoff and sedimentation from all areas
except North, while at the same time between 5 and 25% indicate human intervention has
reduced runoff and sedimentation, particularly to Kaneohe bay.

There was somewhat greater consensus about what effects runoff and sedimentation
might have.  Overall, natural background sedimentation was described as allowing high
water quality, as were sedimentation rates below background.  Sedimentation rates only
10-20% above background reduced confidence both in water quality and in the ability to
determine water quality.

Given natural background sedimentation, 75% of the experts agreed that water quality
would be high, while 20% were uncertain, 10% indicated they expected high turbidity,
and 5% indicated the water might be biologically poor quality (e.g. low D.O., B.O.D.).

With sedimentation rates 100-150% above background, 80% believe that water quality
would be poor visibly (high turbidity), and 30% say it would also be poor biologically. If
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sedimentation rates were only 10-20% above background, 20% say water quality would
remain high, another 20% say water quality would suffer biologically, and 35% agree it
would have poor visibility. However if sedimentation was instead at rates below their
natural background, 60% of respondents say water quality would be high if sedimentation
is 10-20% below natural background and 70% of respondents say water quality would be
high if sedimentation rates were 100-150% below background.  The chart below
summarizes these findings.

Figure 5.1: Water Quality as function of Sedimentation levels
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The forestry questionnaire also asked about the respondents’ understanding of reef
impacts from changes in forest quality. The forest experts were provided with a
characterization of the watershed’s basic connection to near-shore resources, along with
some background information regarding construction of the H3 freeway and its impact
(discharge, turbidity, and fecal coliform levels) on Halawa stream in the leeward
Ko`olaus. This summary was given so the respondents could consider the extent to which
runoff and sedimentation may change reef composition and the value of other beneficial
assets.

The first question in this section described several sedimentation conditions and asked the
respondent to indicate the expected state(s) of the near-shore resources. Given natural
background sedimentation, 32% of the respondents believed that water quality would be
high. Interestingly, 30% of respondents answered the same way given sedimentation rates
10-20% below or 100-150% above background. However, the majority of the
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respondents were uncertain on each and every condition described. Figure 5.2
summarizes for forest experts alone, while Figure 5.3 combines the two groups.

Figure 5.2: Forest experts on impacts of sedimentation to water quality
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Figure 5.3: Overall expert opinion of water quality and sedimentation
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Overall, there appears to be more consensus that turbidity will rise with increased
sedimentation than that biological water quality will fall.  Since turbidity is the biggest
threat to reef corals, and there is more certainty regarding its impacts, we will concentrate
on establishing connections between the conservation district and sedimentation rather
than between the conservation district and biological properties of water quality.

The second sedimentation-related question posed to the near-shore resource experts
concerns reef growth. If sedimentation remained at its natural background rate, 55% of
the experts believe reef growth would be normal for temperature substrate, etc., and 9%
say reef growth is deterred but without significant impact. If sedimentation is at rates 10-
20% (100-150%) above its natural background, 14% (5%) think reef growth is normal,
27%(5%) think growth is deterred but without significant impact, 9% (36%) think growth
is deterred to the detriment of fisheries, and 5% (45%) think growth is deterred to the
detriment of recreation, such as diving and snorkeling. In contrast, if sedimentation rates
are 10-20% (100-150%) below natural background, 41% (36%) say reef growth is
normal, 5% (0%) say growth is deterred to the detriment of recreation, 9% (5%) say
growth is enhance but without significant impact, 5% (18%) say growth is enhanced with
gain to fisheries, and 9% (14%) say reef growth is enhanced with gains to recreation. For
each alternative, an average of 28% of respondents were uncertain.

Figure 5.4: Sedimentation impacts on Reef recreation
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Figure 5.5: Fishery impacts from sedimentation
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Algal growth was the topic of the next question regarding sedimentation rates. If
sedimentation remained at its natural background rate, 79% of the experts believe algal
growth would be normal, and 5% say algal growth is enhanced but without significant
impact. If sedimentation is at rates 10-20% (100-150%) above its natural background,
16% (0%) think algal growth is normal, 37%(16%) think growth is enhanced but without
significant impact, 11% (37%) think growth is enhanced to the detriment of the
ecosystem, 5% (32%) think growth is enhanced to the detriment of aesthetics and
recreation, 16% (21%) think growth is deterred but without significant impact, and 0%
(5%) think growth is deterred to the gain of ecosystem and or aesthetics/ recreation. In
contrast, if sedimentation rates are 10-20% (100-150%) below natural background, 47%
(21%) say algal growth is normal, 16% (16%) say algal growth is enhanced but without
significant impact, 0% (5%) say growth is enhanced to the detriment of the ecosystem,
another 0% (5%) say growth is enhanced to the detriment of aesthetics and recreation,
11% (0%) say growth is deterred but without significant impact, and 0% (32%) say
growth is deterred to the gain of ecosystem and or aesthetics/ recreation. For each
alternative, an average of 23% of respondents were uncertain.

Figure 5.6: Ecosystem impacts from algal growth
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Figure 5.7: Aesthetic/Recreational Impacts from Algal growth
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In almost all cases, there is greater certainty regarding the impacts of larger changes in
sedimentation (100-150% under or over natural levels) than smaller changes (10-20%).
This scientific uncertainty of impacts from small quality changes highlights the difficulty
of measuring impacts from marginal changes in forest quality.

5.2 Uncertainty Regarding Impacts of Sedimentation

Figure 5.8: Percentage of experts indicating uncertainty about expected impacts
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Figure 5.8 shows the percentage of respondents who indicated uncertainty about impacts
of sedimentation levels on water quality and reef and algal growth.  In almost all cases,
there were more uncertain respondents for small quality changes than large quality
changes (The effect of reductions in sedimentation on reef growth is the only exception.).
Small-scale changes are little understood and the long run impacts of such changes may
therefore be underestimated.

6. Reef Impacts

6.1.  CRAMP Data Analysis

To further elaborate on the intricate connection between forested watershed and reef
quality, we turn to data collected by the Hawaii Coral Reef Assessment and Monitoring
Program (CRAMP) over a three-year period (1999-2001).  The monitoring program
collected benthic and fish data at 60 reef sites in Hawaii to establish a base for further
monitoring.  These sites were chosen to have disparate ecological and human impacts, so
we use this cross-section of information of reefs to assess how upland conservation might
impact fish densities and coral cover.

The sites have the following general characteristics regarding impacts from short (human
or otherwise) mentioned in their description.

Table 6.1: Group Characteristics of CRAMP reef sites
Site characteristic Percent of Sample
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Fisheries under management 33%
Site sheltered from most wave action 43%
History of dredging 13%
History of repeated sewage outflows 17%
History of significant freshwater inputs 32%
Popular recreational diving site 43%
Popular fishing site 33%
Reef destroyed by lava, hurricane, major
impact in 20th century

17%

Coastal Development above site 37%
Nutrient inflows from non-point sources 52%
Upland Conservation District 47%

Table 6.2: Reef Characteristics for Hawaii by presence of upslope conservation land
Reef Attribute Sample mean (sd) Sample mean (sd),

conservation land
mentioned

Sample mean (sd).
Conservation land
not mentioned

Coral Cover (%) 24.7
(19.8)

31.5
(22.3)

18.8
(15.5)

Fish density 260
(179)

231
(141)

286
(205)

Rugosity 1.61
(0.33)

1.68
(0.35)

1.55
(0.31)

Coral species richness 7.36
(2.23)

8.21
(2.21)

6.61
(2.00)

Coral diversity 1.05
(0.40)

1.19
(0.39)

0.92
(0.37)

Macro algae cover (%) 6.3
(12.8)

2.2
(4.6)

9.9
(16.2)

Fish biomass (est) 18242
(16868)

18404
(15952)

18100
(17883)

Fish species richness 35.3
(10.9)

37.2
(10.6)

33.6
(11.1)

Fish species diversity 2.1
(.32)

2.3
(0.3

2.0
(0.3)

From this data, we see that sites with upland conservation have higher average coral
cover, and higher species richness and diversity for both fish and coral.  Rugosity, which
should enhance coral growth, is also higher for conservation areas.  Macro-algae cover is
lower.  While fish density appears lower for areas under conservation lands, fish biomass
is calculated to be slightly higher.

We use multiple regression analysis to parse the natural landscape characteristics
(rugosity) and human impacts in terms of their effect on coral cover and fish biomass.
Because mean cover in Hawaii hovers around 25%, we use the square root of coral cover
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as our dependent variable, which increases the normality of the distribution of the
variable.  Table 6.3 illustrates our findings for coral cover.  Due to significant
multicollinearity between upland conservation districts and coastal development (as one
would anticipate), we test these indicators separately as well as together.  In Column I,
we present the regression results using conservation lands as an explanatory variable, in
Column II, those using Coastal development, and in Column III, the results when both
indicators are included together.  Standard errors are reported in parentheses.  Results that
are statistically significant at 90% or above are indicated with asterisks.

Table 6.3: Contributors to Coral Cover in Hawaii
Dependent variable: Square root of coral cover (percent substrate)

I II III
Rugosity 2.48*

(.64)
2.71*
(0.62)

2.60*
(0.64)

Freshwater inputs -0.81*
(.46)

-0.75
(0.45)

-0.72
(0.46)

Conservation lands 0.75*
(0.43)

0.35
(0.52)

Coastal
Development

-0.93*
(0.44)

-0.73
(0.53)

Constant 0.51
(1.05)

0.81
(1.04)

0.73
(1.05)

R squared, adj. 0.29 0.31 0.30
F-statistic 9.15* 9.87* 7.44*
N. Obs. 60 60 60

Coral cover is higher in locations where upland conservation district is mentioned in the
study, and lower when coastal development is listed as a characteristic of the landscape.
Freshwater inputs lower coral cover and rugosity increases coral cover, as expected.

Fish density and fish biomass have a less straightforward empirical relationship to upland
concerns. While one would expect the management regime to affect fish density, results
indicate that it does not.  Freshwater inputs also seem to have no significant impact on
fish density or fish biomass. Mean coral cover also lacks a significant relationship to
these variables, though mean algal cover exhibits a positive and significant effect on fish
density but not fish biomass.  The level of carbonic acid (H2CO3) measured in the water
does have a small but significant impact on both fish density and fish biomass, though it
exhibited no relationship to coral cover. A greater presence of carbonic acid indicates
lower pH, to which fish are particularly sensitive.

Fish biomass is generally estimated by taking estimates of fish length and using the
function W = aSLb , where the parameters a and b are constants by species (calculated for
150 species in Hawaii), SL is the standard length in millimeters and w is the weight in
grams (CRAMP, 2002).  We find that the predominance of upland conservation district
has no significant impact on fish biomass and a significant but negative impact on fish
density.  This negative relationship between upland conservation and fish density is
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puzzling but may reflect a reduced presence of algae-promoting nutrients upon which fish
thrive.

Table 6.4: Contributors to fish density and fish biomass in Hawaii
I (dep var = fish
density)

II (dep var = fish
biomass)

III (dep var = fish
biomass)

Rugosity 308*
(52)

15802*
(6602)

15247*
(6429)

H2CO3 -1.3*
(0.6)

-146*
(75)

-142*
(72)

Mean algal cover 5.2*
(1.3)

190
(169)

Conservation
District

-75*
(35)

-3693
(4393)

-5515
(4079)

Fishing -60*
(36)

-6921
(4575)

-7342*
(4316)

Fish species
richness

3.5*
(1.7)

527*
(215)

517*
(209)

Depth (m) -1148*
(565)

Constant -248*
(98)

-12693
(12395)

-2942
(12632)

R sq, adj 0.54 0.25 0.30
F-stat 14.32* 4.23* 4.93*
N.Obs. 57 57 57

While the transect depth did not seem to matter for fish density, it was a significant
influence on fish biomass.  Describing an area as a particular fishing spot tended to
significantly lower fish density and fish biomass.  Fish species richness increased both
density and biomass slightly.  Rugosity is again the most powerful explanatory variable
in both cases.

6.2.  Existing Sedimentation Studies

Other research has investigated the impact of sedimentation and nutrification on reefs in
terms of the nutrient loading experienced with increased sewage inputs in particular.
Inputs to Hawaii’s reefs from its soils tend to be low in nitrogen, and sewage outputs
increase this, potentially beyond threshold levels for dissolved inorganic nitrogen (DIN)
of 1.0 mM and for soluble reactive phosphorus of 0.1mM (Cesar, 2002).

Cesar (2002) establishes negative correlations for coral cover and coral species diversity
with respect to DIN, Ammonium (NH4), and nitrate (NO3) using several data sets from
the Caribbean and Hawaii.  The relationship between Phosphorus and phosphoric
compounds is less direct and no linear relationship is predicted.
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Sedimentation itself smothers corals and reduces their ability to photosynthesize and
grow. Though capabilities vary widely by species, most scleratinian corals rid themselves
of minor sedimentation layers by producing a mucous membrane layer that they then
shed to rid themselves of the particles.  This process takes time and energy and reduces
the nutrient intake and photosynthesis process for a period of several hours to several
days (Flora, 1994).  Repeated sedimentation events stress the corals and produce long-
term detrimental effects.  In fact, Grigg and Dollar (1990) state that “the impact of
increased sedimentation is probably the most common and serious anthropogenic
influence on corals.”  Dredging, runoff, and siltation are the most common sources of
sedimentation.

In the conservation district, the most likely source of increased sedimentation is from
invasive species activities or road construction.  The construction of H3 through the
Ko`olaus in the 1990s generated an opportunity to study sedimentation rates in the area
due to road construction (see below for further discussion and analysis).  For the invasive
species of greatest concern, Miconia calvescens and feral mammals, the change is akin to
a removal of the forest litter.  Though few scientists have looked directly at the
connection between forest litter and runoff, one study (Tsukamoto, 1975) showed that
removal of tropical forest litter may increase direct runoff by 78% on average by 168%
during peak flow.  The implications of this increased runoff are discussed below.

A study in Curaçao showed a reduction in coral cover from about 60% to 35%, a
reduction of the number of coral species from 20 to 13 at 9 m depth, and a reduction in
coral diversity index (Shannon-Weaver) from 2.33 to 1.65 (Cesar, 2002).  These findings
corroborate with our findings for the comparison of sites with upslope conservation lands
versus sites without such conservation lands, as described in Table 6.2.  Further
comparisons of sites with upslope conservation land versus sites with upslope coastal
development or significant dredging are shown in Table 6.5.

Table 6.5: Land Use Related to Coral Cover
Upslope
conservation land

Upslope coastal
development

Dredging

Coral Cover (%) 31.5
(8.2)

17.8
(13.7)

18.3
(9.2)

Coral species
richness

8.2
(2.2)

6.2
(2.2)

5.4
(2.7)

Coral species
diversity

1.2
(.39)

0.79
(0.38)

0.72
(0.41)

N. Obs. 28 22 8

Similar data from Guam was used to determine log-linear relationships between
sedimentation and coral species or coral cover (Cesar, 2002).  The equations, adapted for
the number of species in Hawaii, are:

ln(species) = 4.01− 0.018X
ln(cover) = 3.17 − 0.013X
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where X is the sedimentation rate (mg.cm2/day).

7. Evaluating Runoff and Sedimentation from Upland Sources

Having established a connection between runoff, sedimentation and coral decline, we
turn to determining the connection between forest quality and runoff and sedimentation
for the Ko`olau conservation district.  We construct raster data of land cover, soils, and
relevant hydrological properties for the district and then analyze how changes in the land
cover, simulating forest quality changes from invasive species or increased usage, will
affect runoff and sedimentation.

7.1.  Existing upland quality and connection to runoff
We base our understanding of water balance in Oahu on infiltration and rainfall data
obtained from the University of Hawaii and the County of Honolulu respectively.  Figure
7.1 illustrates the difference between rainfall and infiltration, which at constant soil
moisture storage is the sum of runoff plus evapotranspiration.  Note that negative values
are possible.  These reflect highly irrigated lands.

Figure 7.1:  Runoff and Evapotranspiration on Oahu.
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We regress this estimate of runoff with evapotranspiration on solar radiation levels,
elevation, slope, soil characteristics, and proximity to roads to determine how runoff
changes with respect to these characteristics for each of the land cover types delineated
by NOAA’s CCAP (Coastal Change Assessment Program) project for Oahu.  In this way,
we interpolate water balance equations by land cover and can use these equations to
predict changes in runoff from changes in land cover.

Figure 7.2 shows these land classifications.  Lands in the Ko`olau Conservation District
fall almost entirely into the evergreen forest classification or the scrub/shrub
classification.

Figure 7.2: Land Cover Classifications on Oahu

Table 7.1 provides summary cell data by select land classifications for variables affecting
water balance.  Each cell is Rain, recharge and runoff with evapotranspiration are
measured in millimeters per year, elevation in feet. slope in degrees, and solar radiation
in calories per cm2/day.  Class A soils are the most absorptive, best draining soils, and
Class D are the least.  Pineapples have reduced transpiration rates so an indicator variable
is used for lands in pineapple cultivation.  Road, trail, and stream proximity are all
measured by cell distances computed byArcview’s spatial analyst.

Table 7.1: Land Use Classification and Water Balance
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Evergreen
Forest

Scrub/Shrub Low
Intensity
Developed

High
Intensity
Developed

Cultivated
Land

Rain (mm/yr) 2550
(1417)

1913
(1353)

1066
(440)

864
(293)

1041
(284)

Elevation (ft) 907
(565)

973
(668)

266
(278)

159
(175)

536
(342)

Slope 26.5
(22)

36.1
(25)

7.1
(12)

3.4
(9)

6.9
(9)

Class A Soils 0.01
(0.1)

0
(0)

0.06
(0.23)

0.04
(0.20)

0
(0)

Class B Soils 0.57
(0.49)

0.47
(0.50)

0.48
(0.50)

0.31
(0.46)

0.83
(0.38)

Class D Soils 0.42
(0.49)

0.52
(0.50)

0.34
(0.47)

0.47
(0.50)

0.09
(0.29)

Pineapple 0
(0)

0
(0)

0.04
(0.19)

0.01
(0.11)

0.34
(0.47)

Recharge
(mm/yr)

1054
(857)

734
(807)

243
(282)

104
(191)

312
(289)

Proximity to
Road

2833
(2001)

2242
(1717)

421
(566)

296
(396)

708
(545)

Proximity to
trail

3249
(2575)

4889
(4445)

6154
(4074)

5925
(3593)

8512
(3047)

Proximity to
stream

262
(474)

619
(1078)

970
(1347)

1256
(1388)

700
(744)

Solar
radiation
(cal)

366
(52)

381
(51)

419
(47)

438
(43)

423
(30)

Runoff + ET 1496
(675)

1179
(669)

823
(355)

760
(232)

729
(399)

N. Obs. 8000 15924 4013 2094 2488
Runoff + ET
as % of rain

59% 62% 77% 92% 70%

 7.2. Estimation of runoff impacts by land cover

We regress Runoff and Evapotranspiration (RunET) on land cover, elevation, slope, soil
classification, solar radiation, pineapples if applicable, and proximity to roads and
streams.  We try two scenarios: one where the effects of the non-land cover variables are
held constant across land use types, and the second where these coefficients are also
allowed to vary by land cover.  Results are in Table 7.2.

Table 7.2: Regression of Runoff + Evapotranspiration on Land Characteristics
Variable I (all) II

(evergreen
forest)

III (Scrub/
shrub)

IV(low
intensity
developed)

V (high
intensity
developed)

VI
(cultivated
land)
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Elevation 0.15*
(0.006)

0.44*
(.01)

0.04*
(0.008)

0.07*
(0.02)

0.09*
(0.03)

0.31*
(0.03)

Slope -3.00*
(0.11)

-2.44*
(0.20)

-2.63*
(0.14)

-1.84*
(0.38)

-1.38*
(0.47)

-2.7*
(0.60)

Solar Rad -3.03*
(0.06)

-2.84*
(0.11)

-3.59*
(0.09)

-1.50*
(0.14)

-0.79*
(0.16)

-2.12*
(0.23)

D Soils 125*
(4.6)

241*
(9.4)

83*
(6.7)

39*
(9.4)

-4.2
(7.4)

195*
(19)

Ko’olau 269.5*
(6.9)

75.0*
(11.7)

293.0*
(10.8)

-9.7
(27)

-69
(44)

-46
(136)

Pineapple 20.8
(12.9)

43
(64)

73.5*
(34.2)

-210.7*
(22)

-393.8*
(32.8)

28.2*
(17.1)

Road 0.09*
(0.002)

0.05*
(0.003)

0.12*
(0.003)

0.11*
(0.008)

0.06*
(0.009)

-0.08*
(0.01)

Trail -0.01*
(0.001)

-0.03*
(0.002)

-0.006*
(0.0009)

0.001
(0.002)

0.00
(0.00)

0.001
(0.003)

Stream -0.01*
(0.002)

-0.01
(0.009)

-0.02*
(0.003)

-0.02*
(0.004)

-0.02*
(0.004)

0.13*
(0.008)

Evergreen --
Scrub/
shrub

-30*
(5.5)

Low dev 108*
(8.6)

High dev 128*
(11)

Cultivated 23*
(10)

Fogdrip 127.0*
(12.03)

560.2*
(26.4)

54.8*
(14.7)

East (by
cell)

2.44*
(0.05)

4.98*
(0.16)

2.30*
(0.07)

2.81*
(0.14)

2.77*
(0.19)

3.81*
(0.20)

South (by
cell)

-2.58*
(0.06)

-2.85*
(0.12)

-2.56*
(0.08)

-3.29*
(0.15)

-3.43*
(0.22)

-7.67*
(0.19)

Const 1974.0*
(28.6)

1445.2*
(65.9)

2210.0*
(42.6)

1471.7*
(71.4)

1233.0*
(87.0)

1886.2*
(114)

R sq. adj. .68 0.70 0.67 0.49 0.56 0.57
N. Obs. 32610 8000 15924 4013 2094 2488

We see from the positive, significant coefficient on elevation that rainfall, and therefore
runoff, is indeed orographic.  We include fogdrip, an indicator variable for cells above
2000ft, to account for cloud forest.  Slope is surprisingly negative, though it is fairly
correlated with elevation (0.48), solar radiation (-0.38), and koolau (0.30) which may
affect its influence.  Solar radiation is negative as expected; more sunshine dries out the
land.  The least absorptive, Class D soils, are positive and the coefficient is sizeable and
significant with the exception of high-intensity developed land.  This corroborates the
opinions of experts that high-intensity developed land has little recharge due to much of
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the surface area being impermeable (e.g. paved, roofed).  The indicator variable for land
in the Ko`olau conservation district is positive and significant for the land use types that
have a presence there; this may be due to the higher rainfall in the area but may also stem
from the correlation with slope.

Pineapple has a large significant negative effect in low and high intensity developed land
but a positive and smaller effect on cultivated land.  It may be that compared to irrigated
sugar, pineapple’s reduced transpiration does not outweigh this contribution to water
balance.  By increasing runoff and evapotranspiration on net, distance from a road has the
opposite effect one would anticipate, though in the case of cultivated land the increased
distance decreases runoff+ET.  Distances from trails and streams have small, negative
effects.

In the regression holding the impacts of other variables constant, we see that compared to
evergreen forest, scrub/shrub appears to have slightly lower runoff, while cultivated land,
low intensity developed, and high intensity developed have increasingly higher runoff
respectively.  These results are expected from the raw percentages of runoff+ET
calculated in Table 7.1 with the exception of scrub/shrub, which has a slightly higher
runoff percentage (62%) than evergreen forest (59%).  In the individual regressions,
scrub/shrub also has a much higher constant value, though certainly for elevations above
2000ft the gap is significantly smaller.  Elevation itself seems to matter much less and
solar radiation considerably more for scrub/shrub.

7.3. Predicted changes in runoff if land cover changes
7.3.1. Definitions and data

The table below shows how runoff and evapotranspiration would change if existing land
use/land cover changed to another land use/land cover.  Oahu is divided into a 253 by
329 grid3 and each 200 sq. meter cell is associated with land cover data and other
characteristics, including rainfall, estimated recharge (El-Kadi, 2003), soil type, roads,
trails, and streams.  Data not otherwise attributed is from the Hawaii Office of Planning.

Land Use and Land Cover data is taken from NOAA’s Coastal Change Analysis Program
(CCAP) for Oahu in 2000, which is derived from Landsat satellite imagery with 30 meter
resolution.  The project tracks 22 land covers, 14 of which are present on Oahu, and 4 of
which are discussed below.  Evergreen Forest and Scrub/Shrub are the current land
covers in the Ko`olau Conservation district, while low and high intensity developed areas
describe alternative land covers for all or parts of the area.

Evergreen forest describes areas that are dominated by trees generally greater than 5
meters tall and greater than 20 percent of total vegetation cover.  More than 75 percent of
the tree species maintain their leaves all year, and canopy is never without green foliage.

                                                  
3 Grid size is determined by cell size. Each cell represents 200 meters square.
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Scrub/shrub describes areas that are dominated by shrubs less than 5 meters tall with
shrub canopy typically greater than 20 percent of total vegetation.  This includes tree
shrubs and young trees in early successional stages as well as trees stunted by
environmental conditions.

Low Intensity Developed land includes areas with a mixture of constructed
materials and vegetation. Impervious surfaces account for 21 to 49 percent of total
cover.

High Intensity Developed land includes highly developed areas where people
reside or work in high numbers. Impervious surfaces account for 80 to 100 percent
of the total cover.

Example photos for all land cover types and additional information on
classifications may be viewed at the NOAA Coastal NLCD Classification Scheme
web page. (NOAA Coastal Services Center,
<http://www.csc.noaa.gov/crs/lca/tech_cls.html>).

Table 7.3: Predicted Runoff + ET from land cover change
Predictions

coeff: means

evergreen scrub/shrub
low intensity
developed

high intensity
developed

evergreen 62.6 64.3 76.8 82.7
scrub/shrub 65.4 68.1 80.6 86.4
low intensity
developed 66.8 59.8 79.4 86.3
high intensity
developed 59.4 56.8 80.5 89.9

Figures in the table represent the proportions of precipitation that are estimated in
regression analysis as runoff or evapotranspiration in the water balance under a given
land cover for an area that has the characteristics in terms of elevation, slope, east and
north positions, soil hydrology properties, pineapple plantings, distance to road, distance
to trail, distance to stream, solar radiation, Ko`olau conservation status, and fog drip
potential of existing land uses.  Thus, the diagonal shows the estimated current level of
runoff+ET from each land cover.

Means for each land cover category are used to generate estimated runoff+ET using
coefficients from each regression.   Predicted runoff+ET are about 3% higher than means
from the raw data. Evergreen forest has lowest predicted runoff-ET (62.6%) and High
Intensity Developed has highest (89.9%).  Predictions match average data fairly well (see
table 7.1).  Evergreen forest accounts for about 1/3 of Koolaus, with scrub/shrub as 2/3.
Transforming Ko’olaus into low intensity developed would increase runoff+ET by about
15%.  The potential expanse of such a change is shown in Figures 7.3 and 7.4.

Figure 7.3: Oahu’s Current Land Uses and Reef Characteristics.
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The Ko`olau conservation district is currently almost entirely evergreen forest and
scrub/shrub.

Figure 7.5: Potential Shift to Low Intensity Developed Land in Ko`olaus
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Figure 7.5 shows transformation of the Ko`olaus from currently forested conditions to
low-intensity developed.  Forest quality deterioration is likely to mimic effects of
impervious surfaces from pig damages that compact soils, canopy reductions that
increase erosion and runoff, or urban development and other human access.  While this
figure shows total transformation of the formerly forested area, each GIS grid cell can be
treated individually in analysis if desired.

8. Potential Forest Quality Damages
8.1. Lost value to beaches from change

If runoff were to increase 15%, we would expect to see an increase in beach closures as
more sediments and associated pathogens are washed to the shore.  As discussed above,
we estimate that a 15% increase in runoff would generate an expected 7.5% increase in
beach closures due to fecal coliform increases.  The low damages described in section 4.2
($19,700 total) increase to $0.07 per tourist and $0.14 per resident from an immediate
7.5% decrease in beach days, for a total of $679,000 in damages though lost economic
value expected per year ($472,000 tourist/$207,000 resident). These sums clearly
demonstrate a direct connection between forest quality and water quality.  The more
likely case where degradation occurs more slowly over 20 years is discussed below, as is
the effect of proposed mitigating activities.
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 8.2.  Lost value to reefs from change
Using Hoover’s estimates in conjunction with Cesar’s presentation of the relationship
between sedimentation and coral cover, we find that a 15% increase in runoff is likely to
have only a negligible impact on coral cover regardless of the characteristics of the
watershed.  For each of three watersheds in Hoover’s (2002) study, we calculate that
daily sedimentation rates are quite low and that a 15% increase in runoff will lead to
increases in sedimentation but they will not impact coral cover.  Table 8.1 summarizes.

Table 8.1: Change in coral cover from change in runoff and sedimentation rate
Kahana Heeia Kaneohe

Sedimentation rate (mg/cm2/day) 0.070 0.037 0.063
Sedimentation with 15% increase in runoff 0.111 0.056 0.073
Percent coral cover 23.786 23.796 23.788
Percent coral cover, 15% increase in runoff 23.773 23.790 23.785

If these three sites are a reasonable average of the variety of conditions on Oahu, we see
that coral cover might only decline 0.007%.  If this were the loss of coral cover for the
entire island of Oahu, with 504 square kilometers of reef, the loss would be worth a
minimum of $105,840 per year (at $0.03 per square meter), and a maximum of $331.3
million (at $93.91 per square meter).  Since runoff from the Ko`olaus does not reach all
shores, we calculate the percentage of reef that may be impacted by streams and runoff
from the Ko`olaus.

Figure 8.1: Oahu Coral Reef Potentially Impacted by Ko`olau Runoff.
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We predict that 79% of Oahu’s reefs, or 398.16 square kilometers, are positioned so that
runoff from the Ko`olaus affects them (see figure 8.1).  The change in consumer surplus
generated by the damages to this reef from a one percent increase in runoff (in its current
state) from Oahu to the state of Hawaii is calculated to be between $26,200 and $32,000
per year using the net demand curve estimated above.  An instantaneous fifteen percent
increase in runoff would generate $393,000 dollars per year in damages.  This figure will
increase if reefs are deteriorating across time.

Figure 8.2: Reef with Upslope Conservation Lands
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We compare this estimate to one using our finding that the presence of upland
conservation district at CRAMP data sites causes an increase of coral cover of 0.56%.
About 8% of reefs lie directly offshore from upland conservation districts in Oahu (see
figure 8.2).  While conservation district is often present upslope from reefs, agricultural
or urban land uses dominate the shoreline.  The evidence for Kaneohe discussed about
shows how an urban portion of only 14% seems to change the quality and quantity of
runoff significantly.  If the 8% of reef on Oahu had a 0.56% decrease in coral cover due
to the predominant upslope land use moving from conservation to urban and/or
agricultural, this would affect approximately 40 million square meters of reef, reducing
coral cover by 225,800 square meters, generating a loss of $1.156 million dollars per year
in net economic value.

8.3.  Expectations Regarding Likelihood of Forest Damages
8.3.1. Survey results regarding probability of damages to forest quality

We surveyed forest experts to asses the probability of damages to forest quality in the
Ko`olau conservation district.  The survey introduction is described above. Following the
description, respondents were asked to predict the importance of forest threats.
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We requested the experts evaluate the level of seriousness of specific threats to both the
forest canopy and the forest understory. The two levels of forest were treated separately
as they are believed to play different ecological roles in the tropical forested watershed.
Loss of understory is expected to be particularly worrisome with respect to near-shore
resources as the bare soil will lead to increased erosion and sedimentation of streams and
near-shore resources. Loss of canopy is more likely to affect long term groundwater
recharge and also to reduce the efficiency of the forest’s role in mitigating the speed with
which runoff occurs. Previous to creating the survey, discussions with experts led us to
ask specifically about the following threats to forest quality:

1. Feral pigs
2. Other feral animals
3. Invasive Plants
4. Miconia calvescens, a specific invasive plant
5. Vehicular (ATV or 4X4) access
6. Fire.

Feral pigs are separated from other feral animals because there is a known and active
feral pig population in the district that creates benefits for hunters as well as costs to the
ecosystem. Other feral animals have less expected direct benefit and policy implications
may differ due to these differences.

Miconia calvescens is separated from other invasive plants because it is credited with the
ability to change watershed characteristics due to its particular biological properties,
whereas other invasive plants may simply change the forest from one shade of green to
another.

Motorized vehicle recreation can be a significant source of damage in the watershed,
causing erosion and facilitating the colonization of weeds by exposing bare soil. Trail use
is another concern since humans can damage vegetation directly through trampling, and
indirectly by providing the ignition source for fire or introducing weeds. Humans can also
increase the likelihood of plant pest introductions, and have been implicated as a major
culprit in the spread of such major pests as Clidemia hirta. In terms of volume, hiking is
the highest impact human activity in the conservation district and has the potential to be
detrimental. The close proximity of the Ko`olau Mountains to Waikiki allows many of
the trails within the watershed area to be readily accessed, subjecting them to high visitor
loads.

Fires result in the removal of vegetation cover, loss of the soil-anchor attribute of root
masses, and exposure of bare mineral soil (KWPMP 2002). This combination subjects
burned areas to high levels of erosion. A large fire may also reduce evapotranspiration
and significantly increase runoff. Additionally, heat levels can reduce permeability of
soils and reduce recharge levels.

Tables 8.2- 8.5 show the distribution of responses to the question of how serious the
forested watershed experts believe each of seven threats, identified as possible issues for
the Ko`olaus, are to the forest quality.  Since threats are expected to be incremental and
slow, the scale for choices is non-linear.
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Table 8.2: Feral Pigs and Other Feral Animals
Feral Pigs Other feral animals

Response Threat to
Canopy

Threat to
Understory

Threat to
Canopy

Threat to
Understory

Not a serious threat (0-5% chance of
quality degradation) 0.00 0.00 5.41 5.41
Not Serious (5-10%) 8.11 2.70 8.11 2.70
Mild Threat (10-20%) 13.51 0.00 8.11 8.11
Mild-Moderate threat (20-50%) 13.51 2.70 27.03 8.11
Moderate-serious threat (50-80%) 24.32 13.51 27.03 43.24
Serious threat (80-100%) 29.73 72.97 5.41 16.22
I don’t know enough to answer 10.81 8.11 16.22 16.22
Left Blank 0.00 0.00 2.70 0.00
Num. Answering question 37 37 36 37

Table 8.3: Miconia and other invasive plants
Miconia Invasive Plants

Response Threat to
Canopy

Threat to
Understory

Threat to
Canopy

Threat to
Understory

Not a serious threat (0-5% chance of
quality degradation) 0.00 0.00 0.00 0.00
Not Serious (5-10%) 5.41 0.00 2.70 0.00
Mild Threat (10-20%) 5.41 2.70 8.11 2.70
Mild-Moderate threat (20-50%) 5.41 5.41 8.11 2.70
Moderate-serious threat (50-80%) 21.62 13.51 32.43 21.62
Serious threat (80-100%) 45.95 70.27 40.54 64.86
I don’t know enough to answer 10.81 8.11 8.11 8.11
Left Blank 5.41 0.00 0.00 0.00
Num. Answering Question 35 37 37 37

Table 8.4: Vehicular and trail access
Vehicular Access Trail Access

Response Threat to
Canopy

Threat to
Understory

Threat to
Canopy

Threat to
Understory

Not a serious threat (0-5% chance of
quality degradation) 5.41 5.41 10.81 10.81
Not Serious (5-10%) 16.22 10.81 32.43 24.32
Mild Threat (10-20%) 18.92 13.51 27.03 32.43
Mild-Moderate threat (20-50%) 21.62 21.62 13.51 13.51
Moderate-serious threat (50-80%) 8.11 13.51 2.70 8.11
Serious threat (80-100%) 10.81 18.92 2.70 0.00
I don’t know enough to answer 18.92 13.51 10.81 10.81
Left Blank 0.00 2.70 0.00 0.00
Num. Answering Question 37 36 37 37
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Table 8.5: Fire

From our results, it appears that most experts feel Miconia and invasive plants pose a
most serious threat to the canopy forest cover (46% and 41% agreement, respectively).
Feral pigs are another concern in reducing canopy forest cover, as 24% of respondents
said they poses a moderate to serious threat, and 30% said they pose a serious threat. The
respondents also classified fire as an intermediate level threat to the forest canopy, with
16% calling it serious, 14% calling it moderate to serious, 19% labeling it as mild to
moderate, and 22% calling it mild to moderate. Of lesser concern to the canopy is
vehicular access, other feral animals, and trail access (in decreasing order).

With respect to the understory forest cover, experts indicated feral pigs and then Miconia
have the highest threat levels and both were identified by a significant majority as serious
threats (73% and 70% agreement, respectively). Invasive plants in general were another
serious concern to the understory, with 65% of respondents classifying this threat as
serious. Similar to the canopy question, fire was identified as an intermediate threat, with
vehicular access, other feral animals, and trail access again of much smaller concern.

9. Estimating Expenditures on Conservation Plans

9.1.  Forest Conservation activities and their Efficacy

The management actions proposed by KMWP and used in this survey can be roughly
divided into five (sometimes overlapping) categories: outreach activities, fencing, work
groups, surveying, and monitoring. We will describe the respondents expectations
associated with the individual actions within each category below.  These expectations
are then used to calculate the mitigated impacts of forest change, described in Tables 9.1
below.

9.1.1.  Conservation Activities

Fire
Response Threat to

Canopy
Threat to
Understory

Not a serious threat (0-5% chance of
quality degradation) 2.70 2.70
Not Serious (5-10%) 16.22 18.92
Mild Threat (10-20%) 21.62 10.81
Mild-Moderate threat (20-50%) 18.92 18.92
Moderate-serious threat (50-80%) 13.51 16.22
Serious threat (80-100%) 16.22 21.62
I don’t know enough to answer 10.81 10.81
Left Blank 0.00 0.00
Num. Answering Question 37 37
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The outreach activities group includes Actions 1 (hire watershed coordinator), 13 (create
brochure), and 14 (create volunteer activities). Action 1, hiring/equipping a watershed
coordinator, is expected to assist most with invasive threats such as Miconia and feral
pigs, and is not expected to help much with the use of trails or the threat of fire. Action
13, to create brochures and public service announcements concerning watershed
awareness, could potentially impact any of the seven threats identified by the KMWP.
However, the majority of survey respondents agreed that at best, this action would result
in a small (5-35%) reduction of threat, mostly from invasive plants and trail use. As
illuminated by Figure 9.1, Action 14, to create volunteer projects for existing volunteer
networks to assist with watershed resource management projects, is potentially a more
promising approach. Over 40% of our experts answered that this action would produce
some (35-65%) reduction in the threat of Miconia and other invasive plants.

Figure 9.1. Outreach, volunteer projects.

Action 14: Create volunteer projects for existing volunteer networks to assist 
with watershed resource management projects such as labor-intensive efforts 
like weed control, riparian restoration and trail maintenance in accessible areas.
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Fencing as a management action can be specified in high elevation areas (Action 2) or in
high priority areas (Action 7). Fencing in high elevation areas, as proposed in Action 2, is
expected to substantially reduce the threat of feral pigs and other feral animals (51%),
while doing less for invasive plants or trail access. However, our results suggest that
Action 7, fencing in high priority areas may prove to be more effective, as 65% (51%) of
our experts believe this will substantially reduce the threat from feral pigs (other feral
animals). Those areas of high priority, such as those containing endangered or threatened
species, should perhaps be given precedence over areas characterized only by high
elevations (although these areas will very often coincide). Figures 9.2 and 9.3 display
these findings.

Figure 9.2: Fencing, high elevation areas
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Action 2: Expanding established fencing enclosures in high elevation areas
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Figure 9.3: Fencing, high priority areas

Action 7: Build new fences in high priority areas
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The workgroup category of management actions is intended to address existing
watershed problems hands-on. The idea is to physically remove the offensive individuals
and prepare the area for future stabilization. Experts believe that Action 3, employing
staff contractors or volunteers to control ungulates above, below, or within fencelines will
significantly lower the threat from feral pigs and other feral animals. This action is not
expected to have an important impact on invasive plant, vehicular, or trail access threats.
Action 4’s suggestion to utilize these contractors and volunteers to control priority weeds
is expected to do a lot for Miconia and other invasive plants, but little for fire, vehicular,
or trail use threats. Action 8, stabilization of exposed mineral soil areas to abate runoff
pollution, followed by a replanting of natives, was not well received by the respondents.
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If anything, this management activity is expected to have a small impact on invasive
plants, and is believed to do almost nothing to abate the feral animal problem.  Figures
9.4, 9.5, and 9.6 illustrate some of these trends.

Figure 9.4: Workgroups, ungulate control

Action 3: Employing staff contractors or volunteers to utilize effective methods to 
control ungulate populations above or below fencelines or within fenced 
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Figure 9.5: Workgroups, weed control

Action 4: Employing staff contractors or volunteers to utilize effective methods to 
control priority weeds
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Figure 9.6: Workgroups, soil stabilization.

Action 8: Stabilize exposed mineral soil areas to abate runoff pollution. 
Replant with natives in weeded areas
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Surveying is another important category of management activities. For the most part,
conducting on-the-ground surveys to gain understanding of feral pig population
distribution and dynamics (Action 5) is expected to result in a moderate reduction of the
threat from feral pigs. Miconia and other invasive plants are expected to benefit the most
from Action 6, which calls for conducting biological surveys to identify rare elements
and priority weed locations. Our experts do not believe the threats from feral animals or
vehicular or trail use will be alleviated by this management strategy (see Figure 9.7
below). Not surprisingly, a substantial reduction of the threat from fire is expected from
Action 9, which calls for the creation of fire risk maps, identification of key fire
prevention areas, and the establishment of helicopter-landing zones.

Figure 9.7: Surveying, biological surveys
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Action 6: Conduct biological surveys to identify rare elements and priority weed 
locations
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The final category of management activities, monitoring, is designed to examine the
relationship between healthy forests and healthy water, as well as to test the efficacy of
threat abatement projects and their impact on forest and water resources. Nevertheless,
the first activity in this group, Action 10, is not believed to be of great value in reducing
many threats. This management action would develop a water-monitoring program to
measure turbidity and nutrients from stream flow. Most respondents believed that this
type of program would insignificantly (0-5%) reduce the harm from all associated threats.
Similarly, results show that Action 11 (establishing human impact monitoring test sites
for measuring soil and vegetation disturbance) may not be very effective at reducing
threats to the watershed. A possible exception is that of the threat from vehicular and trail
use, which 20% of the experts believed may be substantially reduced. Action 12, on the
other hand, looks to be the most capable monitoring activity of the group. Action 12
develops and implements a weed control efficacy monitoring program, including follow-
up monitoring with clear methods to determine the effectiveness of control efforts. As
shown in Figure 9.8, almost 40% of the respondents believed that this type of monitoring
would substantially reduce the threat from Miconia and other invasive plants.

Figure 9.8. Monitoring, weed control efficacy
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Action 12: Develop and implement a weed control efficacy monitoring program, 
including follow-up monitoring with clear methods to determine the 

effectiveness of control efforts
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9.1.2.  Mitigating Impacts of Conservation Activities

Table 9.1 recalculates the perceived threats in light of expected success of mitigation
activities.  Mitigating efforts still leave invasive plants and animals as bigger threats than
human access and fire.  We find the range between the best and worst case scenarios by
using the highest percentage of damages with the least successful mitigation to describe
the worst case scenario (max threat) and the lowest expected damages with the most
successful mitigation to describe the best case scenario (min threat).

For Miconia and other invasive plants, the activity that most lessens the probability of
damages to the canopy that affect nearshore resources is Action 4, direct control of weeds
through paid or volunteer labor.  The activities with the least impact for the canopy are
water, soil and vegetation monitoring.  For the understory, direct control is again most
effective and monitoring programs are least effective.

Pigs and other feral animals are best controlled through fencing and least impacted by
soil stabilization plantings.

Table 9.1: Probability of damages to forest canopy and understory, with mitigation.
Action Threat Canopy Understory

Minimum
threat
(min
damage,
max
mitigation)

Maximum
threat
(max
damage,
min
mitigation)

Minimum
threat
(min
damage,
max
mitigation)

Maximum
threat
(max
damage,
min
mitigation)

Action 1: HIRING/EQUIPPING A WATERSHED COORDINATOR
Miconia calvescens 22% 59% 27% 66%
Invasive Plants 19% 57% 24% 66%
Feral Pigs 16% 51% 26% 67%
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Fire 13% 42% 15% 47%
Other Feral Animals 12% 48% 17% 58%
Vehicular (ATV or 4x4) access 8% 39% 11% 44%
Trail access 6% 26% 6% 28%

Action 2: EXPANDING ESTABLISHED FENCING ENCLOSURES IN HIGH ELEVATION AREAS (e.g.
Upper Helemano drainage, Upper Kawai Iki drainage and Upper Kaluanui drainage)

Invasive Plants 29% 68% 36% 78%
Vehicular (ATV or 4x4) access 6% 34% 9% 38%
Trail access 6% 25% 6% 27%
All feral animals 3% 25% 5% 30%

Action 3: EMPLOYING STAFF CONTRACTORS OR VOLUNTEERS TO UTILIZE EFFECTIVE
METHODS TO CONTROL UNGULATE POPULATIONS ABOVE OR BELOW FENCELINES OR
WITHIN FENCED ENCLOSURES

Invasive Plants 23% 60% 28% 68%
Vehicular (ATV or 4x4) access 10% 44% 15% 50%
Feral Pigs 6% 30% 9% 40%
Other Feral Animals 5% 32% 8% 39%

Action 4: EMPLOYING STAFF CONTRACTORS OR VOLUNTEERS TO UTILIZE EFFECTIVE
METHODS TO CONTROL PRIORITY WEEDS

Fire 13% 44% 15% 49%
Vehicular (ATV or 4x4) access 12% 48% 17% 54%
Invasive Plants in General 12% 46% 14% 0%
Miconia calvescens 8% 38% 10% 43%

Action 5: CONDUCT ON-THE-GROUND SURVEYS AS NECESSARY TO GAIN UNDERSTANDING OF
FERAL PIG POPULATIONDISTRIBUTION AND DYNAMICS

Feral Pigs 16% 51% 26% 67%
Action 6: CONDUCT BIOLOGICAL SURVEYS TO IDENTIFY RARE ELEMENTS AND PRIORITY
WEED LOCATIONS

All feral animals 23% 58% 37% 77%
Invasive Plants in General 16% 52% 20% 60%
Miconia calvescens 13% 48% 16% 54%
Vehicular (ATV or 4x4) access 12% 47% 18% 53%

Action 7: BUILD NEW FENCES IN HIGH PRIORITY AREAS (summit or riparian areas along key ridges
and valleys in the northern portions of the watershed area)

Invasive Plants 28% 65% 34% 74%
Vehicular (ATV or 4x4) access 9% 42% 14% 48%
Other Feral Animals 5% 32% 8% 39%
Feral Pigs 4% 28% 6% 38%

Action 8: STABILIZE EXPOSED MINERAL SOIL AREAS TO ABATE RUNOFF POLLUTION.
REPLANT WITH NATIVES IN WEEDED AREAS.

All feral animals 29% 66% 48% 88%
Miconia calvescens 29% 71% 36% 79%
Invasive Plants in General 24% 64% 30% 73%
Fire 15% 48% 18% 53%
Vehicular (ATV or 4x4) access 13% 49% 20% 56%
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Action 9: CREATE FIRE RISK MAP COMBINING FACTORS RELATED TO FIRE PROBABILITY.
IDENTIFY HIGH FIRE RISK AREAS THAT COINCIDE WITH AREAS OF HIGH RESOURCE VALUE
AND TARGET FOR FIRE PREVENTION. IDENTIFY AND ESTABLISH HELICOPTER-LANDING
ZONES AS NECESSARY

Invasive Plants 28% 69% 35% 78%
Vehicular (ATV or 4x4) access 13% 49% 19% 55%
Fire 6% 31% 8% 34%

Action 10: DEVELOP WATER MONITORING PROGRAM TO MEASURE SEDIMENTATION STREAM
FLOW TURBIDITY AND NUTRIENTS ON SUBWATERSHED OR VALLEY LEVEL

Miconia calvescens 35% 75% 43% 84%
Invasive Plants in General 34% 73% 42% 83%
All feral animals 26% 62% 42% 83%
Vehicular (ATV or 4x4) access 13% 48% 19% 54%

Action 11:ESTABLISH HUMAN IMPACT MONITORING TEST SITES FOR MEASURING SOIL AND
VEGETATION DISTURBANCE.

Miconia calvescens 33% 72% 41% 81%
Invasive Plants in General 32% 71% 39% 81%
All feral animals 28% 63% 45% 84%
Fire 15% 45% 17% 50%
Vehicular (ATV or 4x4) access 9% 41% 14% 46%

Action 12:DEVELOP AND IMPLEMENT A WEED CONTROL EFFICACY MONITORING PROGRAM
INCLUDING FOLLOW-UP MONITORING WITH CLEAR METHODS TO DETERMINE THE
EFFECTIVENESS OF CONTROL EFFORTS

All feral animals 28% 63% 45% 84%
Invasive Plants in General 14% 49% 18% 56%
Miconia calvescens 14% 48% 17% 53%
Vehicular (ATV or 4x4) access 12% 48% 18% 54%

Action 13: CREATE A BROCHURE AND PUBLIC SERVICE ANNOUNCEMENTS FOR THE DISTRICT'S
WATERSHED PROTECTION EFFORTS AND PROMOTE WATERSHED AWARENESS WITH
PROGRAMS ON EFFECTS OF RECREATIONAL USE FIRE

Miconia calvescens 26% 65% 32% 73%
Invasive Plants in General 26% 65% 32% 74%
Feral Pigs 25% 60% 41% 80%
Other Feral Animals 16% 54% 23% 65%
Fire 12% 41% 14% 45%
Vehicular (ATV or 4x4) access 9% 40% 13% 45%
Trail access 5% 24% 5% 26%

Action 14: CREATE VOLUNTEER PROJECTS FOR EXISTING VOLUNTEER NETWORKS TO ASSIST
WITH WATERSHED RESOURCE MANAGEMENT PROJECTS SUCH AS LABOR-INTENSIVE
EFFORTS LIKE WEED CONTROL RIPARIAN RESTORATION AND TRAIL MAINTENANCE IN
ACCESSIBLE AREAS

All feral animals 21% 57% 35% 75%
Miconia calvescens 18% 54% 22% 60%
Invasive Plants in General 18% 54% 22% 62%
Vehicular (ATV or 4x4) access 12% 45% 17% 51%
Trail access 5% 25% 5% 27%
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9.1.3. Open-ended Conservation Survey Statements

Following evaluation of the fourteen management actions, the survey offered two
opened-ended questions, the first requesting the respondent’s opinion on what pest(s)
should be the primary target of these actions, the second inquiring about the future runoff
situation if nothing is done. While Miconia and pigs topped the list of similar responses
to the first question, the second drew a wider range of answers.

Out of twenty-six responses to the primary pest question, eleven mention pigs
specifically, twelve mention Miconia specifically, and nine mention both pigs and
Miconia. There seems to be a consensus that these and other ungulates and Melastomes
(Miconia’s taxonomic family) pose the biggest threat to the forested watershed. Manuka,
a tea tree from New Zealand, was offered more than once as another potential threat. The
importance of targeting different management areas for different species was articulated.
It was also pointed out that primary targets should vary according to which goal is being
addressed – watershed function goals or biodiversity conservation goals. Water quality
issues, sedimentation and pollution should be targeted if the goal is to improve watershed
functioning, while Miconia should be tackled if preservation of biodiversity is the
ultimate objective.

With regard to changes in runoff levels over the next twenty years, the expert opinions
diverged tremendously. About 15% of the respondents foresee no significant changes in
the specified time period, suggesting 50-100 years as a more appropriate time scale to
witness significant change. Others believe that without additional conservation efforts
this time span would bring reduced infiltration of water into the aquifers, increased
compaction of soil, accelerated erosion, increased incidence of leptospirosis and other
diseases, even species extinction. Again, pigs and Miconia were emphasized as major
players in runoff alteration.

9.2.  Survey results regarding probability of reef damages from forest quality
change

Water resource experts were asked about the expected impacts to near-shore resources
from forest quality change.  Canopy and understory were not separated.  Their opinions
are described in Tables 9.2-9.6. There were 22 respondents for each question.

Table 9.2: Water experts, feral animal threat

Response Feral Pigs
Other feral
animals

Not a serious threat
(0-5% chance of quality degradation) 13.64% 13.64%
Not serious (5-10%) 0.00% 0.00%
Mild threat (10-20%) 0.00% 18.18%
Mild-moderate threat (20-50%) 18.18% 22.73%
Moderate-serious threat (50-80%) 27.27% 13.64%
Serious threat (80-100%) 22.73% 4.55%
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I don't know enough to answer 18.18% 27.27%

Table 9.3: Water experts, Invasive plants threat

Response
Invasive plants
in general

Miconia
calvescens

Not a serious threat
(0-5% chance of quality degradation) 9.09% 9.09%
Not serious (5-10%) 9.09% 9.09%
Mild threat (10-20%) 9.09% 0.00%
Mild-moderate threat (20-50%) 13.64% 9.09%
Moderate-serious threat (50-80%) 18.18% 4.55%
Serious threat (80-100%) 18.18% 27.27%
I don't know enough to answer 22.73% 40.91%

Table 9.4: Water experts, Vehicular and Trail Access threat

Response

Vehicular
(ATV or
4x4) access

Trail
access

Not a serious threat
(0-5% chance of quality degradation) 13.64% 9.09%
Not serious (5-10%) 0.00% 9.09%
Mild threat (10-20%) 0.00% 18.18%
Mild-moderate threat (20-50%) 31.82% 27.27%
Moderate-serious threat (50-80%) 18.18% 4.55%
Serious threat (80-100%) 18.18% 4.55%
I don't know enough to answer 18.18% 27.27%

Table 9.5: Water experts, Fire threat
Response Fire
Not a serious threat
(0-5% chance of quality degradation) 9.09%
Not serious (5-10%) 9.09%
Mild threat (10-20%) 0.00%
Mild-moderate threat (20-50%) 27.27%
Moderate-serious threat (50-80%) 18.18%
Serious threat (80-100%) 9.09%
I don't know enough to answer 22.73%

Table 9.6: Probability of damages to near-shore resources, with and without mitigation
Estimated range of percentage chance of significant quality deterioration in Ko`olau contribution to
near-shore resource quality over 20 years

Watershed
experts:
without

mitigation
(canopy)

Watershed
experts:
without

mitigation
(understory)

Watershed
experts: with

mitigation
(canopy)

Watershed
experts: with

mitigation
(understory)

Near-shore
resource
experts,
without

mitigation
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(canopy) (understory) mitigation
Feral Pigs 40 to 70 66 to 94 4 to 60 6 to 80 35 to 79
Other feral animals 25 to 61 37 to 73 3 to 66 5 to 88 17 to 65
Invasive plants in general 52 to 83 64 to 92 12 to 73 14 to 83 28 to 70
Miconia calvescens 51 to 81 64 to 92 8 to 72 10 to 84 26 to 82
Vehicular (ATV or 4x4) access 20 to 53 29 to 60 6 to 49 9 to 56 30 to 74
Trail access 11 to 32 11 to 34 5 to 26 5 to 28 14 to 58
Fire 26 to 53 31 to 59 6 to 48 8 to 53 23 to 69

The percentage likelihood of deterioration without mitigation is a weighted average of the
responses to the survey to the question of the level of expected quality deterioration over
the next twenty years.  Damages from feral animals and Miconia and other invasive
plants are expected to have the largest impact on near-shore resources, with greater
uncertainty over the potential impacts of Miconia. Fencing for feral animals is the most
capable tool for reducing possible impacts from them, while direct removal and control of
invasives is the most capable tool for managing that threat.

9.3.  Ko`olau Mountain Watershed Partnership Priorities and Estimates

The Ko`olau Conservation District is overseen by the Department of Land and Natural
Resources (DLNR), but is owned by a variety of private and public entities.  These
entities have come together to form the Ko`olau Mountain Watershed Partnership
(KMWP) for the purpose of watershed management (KMWP Memorandum of
understanding, 1999).  The DLNR, Division of Forestry and Wildlife (DOFAW)
orchestrates the group’s efforts to promote water quantity and quality by managing
threats, identified in the founding memorandum as primarily: feral ungulates, fire,
insects, diseases, and non-native plants.

A primary goal of the group is to “determine costs of watershed management programs
and projects agreed upon…and join in cooperative efforts to raise outside funds for those
projects,” (KMWP, 1999). Currently, operating under funds obtained mainly from the
State Natural Area Reserve Fund and federal grants and discretionary spending from the
Environmental Protection Agency (EPA) and the Fish and Wildlife Service (FWS),
almost $400,000 per year is allocated to the watershed program as administered by
DLNR.  It appears that only about $65,000 is from state funds.

These funds pay salaries for a watershed partnership coordinator and other employee time
devoted to projects and programs in the watershed, as well as the costs of implementing
conservation projects as they arise or receive funding to complete.  The long run goals of
the group are vague, and there is no clear picture of what it might cost to arrive at an
optimum state for watershed values.  Part of this confusion may stem from a
conflagration of goals; the memorandum of understanding suggests that active
management of the watershed will not only promote water quantity and quality, but will
also “benefit Hawaii’s native flora and fauna.”  This claim is not necessarily accurate;
active management that reduces feral ungulates and fire will undoubtedly benefit native
flora and fauna, but the battle against invasive species is not clearly related to the health
of the watershed.  Miconia calvescens, however, has been credited in particular with the
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expectation that its spread would change the water balance by reducing ground cover and
increasing runoff and if native flora and fauna provide a healthier, multi-storied canopy,
then protection and even restoration of native plants may be preferable to other species
combinations due to the external benefits generated by their uniqueness and the risk of
irreversible loss of fragile endangered species.

Since restoration of invaded areas is a potentially large portion of the conservation bill,
we investigate this question further.  Of the approximately 97,000 acres in the district,
50,000 acres are non-native vegetation.  These areas are mainly lower regions that have
had considerable human contact.  Much of this area was denuded in the 19th century by
wild cattle and other ungulates and quickly replanted with soil stabilizing and/or
plantation species in order to quickly repair the visible damage to the watershed.  Thus
much of the invaded 50,000 acres are believed relatively healthy for the purposes of
watershed protection.  Replanting and restoration are becoming increasingly important as
threats that target the loss of soil cover or compact the soil grow.  These include growth
in the feral pig and goat populations and invasion by the weedy tree, Miconia calvescens,
which has been connected to increased runoff due to its particular biological properties of
allelopathy and shallow roots (though this connection has not been scientifically shown to
date).

The watershed coordinator was not certain of the percentage of the 50,000 acres that
might require direct restoration for watershed purposes, but suggested as a high end
perhaps half, or 25,000 acres, as ideally needing restoration.  Since current annual
projects are for areas in the 50-100 acre range, we expect that such efforts would be
carried out over a rather lengthy period of time.  GIS estimates of the expansion range for
Miconia, based on minimum rainfall requirements of 1800mm/yr, suggest that most of
the district is at risk from this particular invasion.  Pigs are also known to be throughout
the entire district; so much so that original plans to attempt to study aerial photos and
survey areas for pigs have been abandoned due to their widespread presence.  The $3000
originally intended for this cause has been diverted to the development of an
encompassing ungulate management plan, though this work is not yet in progress.

Annual expenditures now include a watershed coordinator and other salaries, planning to
build 2 fences, 2 small restoration projects, and biological surveys being conducted
jointly with landowners.  One of these restoration projects, at Manana, is a 50-acre plot
damaged by fire.  Given our conversation with the DLNR watershed coordinator, we
estimate that a reasonable plan for a concerted increase in effort for conservation would
consist of the following activities and costs for 5 years, with a return to an annual budget
around $375,000 in years 6 and following:

Table 9.7: Conservation District Budgeting
Item Year 1 Year 2 Year 3 Year 4 Year 5 Year 6--
Coordinator 100,000 100,000 100,000 100,000 100,000 100,000
Fencing, 1 project a year 70000 70000 70000 70000 70000 7000
Mgmt Shelter 10000 0 0 0 0 0
Pigs and weeds labor 150000 150000 150000 150000 150000 150000



59

reconaissance 3000 0 0 0 0 0
insurance against cultural disturbance 10000 10000 10000 10000 10000 1000
biological surveying 20,000 20,000 20,000 20,000 20,000 2,000
stabilize exposed areas, replant 200 ac/yr 2000000 2000000 2000000 2000000 2000000 50,000
fire risk map 12,000 0 0 0 0 0
rodents 10,000 0 0 0 0 0
monitoring of quality 65,000 65,000 65,000 65,000 65,000 65,000
outreach 20,000 20,000 20,000 20,000 20,000 2,000
outreach background 50,000 0 0 0 0 0

2,520,000 2,435,000 2,435,000 2,435,000 2,435,000 377,000

Thus, $12.3 million over 5 years, followed by $375,000 per year indefinitely, is
considered an adequate budget to meet the needs of watershed quality.

9.4. Survey Results on Conservation Expenditures

Watershed survey respondents answered that controlling ungulates and weeds
(respectively), both estimated to cost $75,000 annually, deserved the highest priority for
funding. A moderate priority level for funding was given to activities such as weed
control efficacy monitoring ($15,000), watershed education ($20,000), and volunteer
projects ($5,000). Actions believed to be less important to fund were human impact
monitoring ($20,000) and outreach activities intended to educate the public about
recreational effects ($10,000) or fire ($10,000).

In addition, at least half of the near-shore resource respondents answered that the
following activities should be funded annually or given high priority for funding:
maintaining soil/vegetation disturbance monitoring ($20 K/yr) and developing public
awareness of the watershed ($20 K/yr). Half or more of the respondents assigned a
moderate to low priority for funding to weed control efficacy monitoring and to the
development of public awareness of fire hazards. 10% of the sample said that the
development of public awareness of recreational effects should not be funded.

We then asked about expanding fencing at high elevations by having the respondent
prioritize three discrete fencing projects, all estimated to cost $66,000. While the majority
of respondents (about 65%) felt they did not know enough to prioritize these projects, the
Upper Helemano drainage was identified by the most respondents as first priority, with
the other two projects (Upper Kawai Iki and Upper Kaluanui drainages) coming in as
close seconds.

We inquired further about the establishment of additional fencing in the Ko‘olaus, listed
as a priority for the watershed partnership. Given that new fencing costs $75,000 to
$100,000 per mile, the experts were asked to indicate how many miles of fence would be
necessary to maintain the status quo level of watershed quality (the entire conservation
district being 155 square miles). Again, about half of the watershed respondents did not
feel they knew enough to answer. The majority of the respondents that answered the
question (only 4 out of 30) felt 20-50 miles might be appropriate, a few said 10-20 miles,
and a couple said 50-100 miles. One respondent offered that the watershed should be
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segmented into management units, such that any breach in a fence would expose only a
limited area to reinvasion by such threats as ungulates.

Most of the near-shore resource sample (64%) said that they did not know the answer to
this question. Two respondents said no new fencing should be required, one said 10-20
miles, and another two said 100-155 miles. One respondent commented that fencing
effectiveness depends on its location to streams and tributaries, and suggested that it is
more effective to fence a buffer zone around streams and waterways.

Soil stabilization and replanting with native species have also been identified as
important management activities for watershed protection. With half of the 100,000-acre
conservation district subsumed by non-native vegetation and an unknown portion by bare
soil, there are currently two small projects (approximately 50 acres each) being restored.
This type of soil stabilization and replanting with native species costs $5,000 to $10,000
per acre.

Respondents were asked the number of additional acres they felt should be replanted to
maintain the status quo of the watershed over the next twenty years. The majority of
watershed respondents agreed that all Miconia infestations should be treated to replanting
with native plants, followed closely by the areas with bare soils, however much of that
there is. While two respondents did not feel that any further replanting would be
necessary (one offered that we should instead use birds and wind to disperse native seed),
another said these activities should be done wherever possible.

36% of the near-shore resource respondents agreed that all bare soils should be treated
with replanting (however much that entails), while another 36% did not feel they knew
enough to answer the question. 27% of the sample said that bare soils should be
replanted, but not necessarily with native species, 27% said that all Miconia infestations
should be replanted, and 27% said that all Miconia infestations should be replanted, but
without native species restrictions.

Respondents were then asked to indicate how many new stream gauges should be added
to the conservation district to maintain the status quo of the watershed. Given that a new
stream gauge costs approximately $10,000, maintenance of a sedimentation gauge may
be $20,000 per year, and there are currently eight operating gauges providing daily water
quality data on Oahu, respondents were asked to indicate how many additional gauges
should be added to the conservation district to maintain status quo quality.  The mode
response (but only 4 out of 30) for watershed respondents answering the question
indicated that no new gauges are necessary. Only six answered that any were needed at
all. One respondent noted that if additional gauges were added, they should first have
management activities attached to them.

Two of the near-shore survey respondents also said that no new gauges are necessary,
one said 3 to 4 should be added, two respondents said 5 to 6, and another two said 9 to
10. The majority of respondents (8 of 20) said that they did not know. A few of the
comments evoked by this question indicated that gauges will not improve water quality;
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they instead prioritize work and monitor efficacy. It was also implied more than once that
status quo should not be the objective for which we strive.

Respondents were then asked how many times over a ten-year period they would fund
surveys of pig populations or biological surveys.  5% of the near-shore experts answered
that this should not be funded at all, 23% said 1 to 2 times, 32% said 3 to 5 times, and
14% said either 6 to 8 or 9 to 10 times over a ten-year horizon. As for the biological
surveys, 45% answered 1 to 2 times, 23% said 3 to 5 times, 5% said 6 to 8, and 14% said
9 to 10. No one thought that either type of survey deserved to be funded more than ten
times over a ten-year period.

9.5. Overall conservation budgets and forest health

The surveys asked respondents to pick a statement that best described their opinion
regarding the health of the Ko`olau watershed, near-shore resources, and related
conservation expenditures. Although some respondents believed the conservation district
is in good health, no respondent felt that this level of quality could be maintained with a
$60,000 annual expenditure level. About 18% of the watershed survey and 10% of the
near-shore experts did feel that a budget of $300,000 a year could maintain quality.
Fewer watershed experts (14%) but more near-shore experts (27%) answered that the
conservation district is better described as being in moderate health, and because it faces
significant threats that will deteriorate near-shore resources, a budget of $3 million
annually over 5 years followed by annual expenditures of $300,000 a year should
maintain quality. But many of the watershed experts (27%) and near-shore resource
respondents (30%) agreed that the conservation district is not in good health, however
this budget ($3 million a year for five years followed by $300,000 annually) should
improve quality. Reassuringly, no respondent felt that there is no sufficient level of
conservation expenditures that would improve water quality.

9.6.  Estimating A Cost Function for Conservation

Using the information collected in the section above, we describe a cost function for
reducing the probability of forest deterioration and increasing runoff.  Figure 9.9 shows
the marginal cost of threat alleviation, also shown as a cost schedule in Table 9.8.

Figure 9.9: Marginal Cost of Alleviation
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Table 9.8: Marginal Cost Schedule for Threat Alleviation to Forest Quality
Threat
alleviated (%)

Marginal Cost
of Alleviation ($)

21 2,356
57 1,750
65 12,489
71 21,017
75 24,250,000

75.32 3,031,250,000
75.34 242,500,000,000

Clearly, forest quality can only be reasonably protected through approximately 75%
reduction in threats.

We then use these cost estimates in conjunction with the expected relationship between
forest quality deterioration and runoff increases to estimate the costs of reducing runoff
increases.

Figure 9.10: Marginal cost of reducing increases in runoff through forest conservation
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We estimate a cost function from this data as:

C(rt ) = 23.564e
3.2179rt + (rt / 11.30)

101

Where the second term delineates a dramatic increase in costs when runoff reduction
reaches 11.30%, as shown in the data, but is inconsequential until then.

10. Estimating Benefits of Conservation

10.1. Estimate of present value of status quo conservation level reef values

The survey results indicate that expected reduction in forest canopy and understory
quality with no additional conservation expenditures over the next 20 years will, on
average, be between 32% and 72% (mean=52%) for the canopy and 44% and 71%
(mean= 58%) for the understory.  We average the results and use 55% as the expected
level of quality deterioration without mitigation, with an expected range of 38% to 71.5%
deterioration.  We consider a 38% quality deterioration to be approximated by a land use
change from forested watershed to low intensity development as this is roughly
equivalent to the impermeable cover in such land use.  Similarly, we consider a 71.5%
deterioration to be approximated by a mix of 1/2 low intensity development and 1/2 high
intensity development.  Thus, the increase in runoff under the status quo over the next 20
years is approximated to be between 15% and 18%, for an annualized rate of
deterioration of between 0.852% and 1.04%.

10.2. Estimate of present value of increased conservation to reef values

Using the results from the watershed survey, we find that implementation of the 14
actions in the watershed management plan should decrease the likelihood of quality
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deterioration in the Ko`olaus by an expected 72%.  We calculate this figure in a multi-
step process delineated below:

1. Create weighted averages of expected damages to canopy and
understory for each threat (including a minimum threat using the
bottom range of damages and a maximum threat using the top range)
[see Table 9.6];

2. Create weighted average of expected damages to canopy and
understory for each threat for each of 14 conservation actions that are
outlined in the Ko`olau Watershed Partnership Management Plan [see
Table 9.1 and Tables A2.1-A2.7];

3. Calculate differences between mitigated and unmitigated expected
damages for canopy and understory, generating an average difference
for the minimum and the maximum damages for each mitigation
action and each threat;

4. Calculate cumulative reduction in threats from implemented actions
for each threat [see Table 10.1];

5. Average cumulative reduction in threats across threats.

Table 10.1: Cumulative Reduction in Threats by Threat
Threat Remaining threat to canopy

after mitigation
Remaining threat to
understory after mitigation

Feral Pigs 21% 6%
Other Feral Animals 34% 32%
Miconia calvescens 5% 3%
Invasive Plants in General 3% 1%
Vehicular Access 29% 20%
Trail Access 77% 77%
Fire 45% 39%
Average 31% 25%

Thus the expected deterioration in forest quality with conservation will only range from
11% to 20% on average.  This is estimated to be similar to a shift to 1/4 to 1/2 low
intensity developed land, and thus an increase in runoff of 3.75% to 7.5% over twenty
years, or an annualized deterioration of 0.201% to 0.41%.

11. Integrated Resource Management (Conclusions)

Using runoff as the connecting ecological factor between beach values, reef values, and
forest quality, we determine the expected benefits of forest conservation to near-shore
resources under the status quo level of conservation (expenditures of approximately
$300,000 per year) as well as under a scenario in which the Ko`olau Mountain Watershed
Partnership Plan is fully funded with approximately $3 million to spend each year for 5
years followed by $375,000 per year in maintenance expenditures.  Under the current
conditions, we predict an annualized deterioration in forest quality that leads to an
increase of runoff of 0.852% and 1.04%, while the increased spending is expected to
reduce this deterioration to an annualized rate of between 0.201% and 0.41%.
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Demand for beach days is estimated separately for tourists and residents, with status quo
levels of demand at approximately 2.12 resident days per year and 0.47 tourist days per
year.  We estimate that a one percent increase in runoff increases fecal coliform bacteria
counts by 0.5% and will increase beach closure days similarly, given the extremely low
threshold for acceptable levels of bacteria in Hawaii’s waters and the relatively rare
number of beach closures that occur. Without conservation, the expected 15% increase in
runoff would generate an expected 7.5% increase in beach closures due to fecal coliform
increases.

Measuring the loss in economic value from closed beaches may be considered akin to
measuring the burden of a tax where there are no revenues to the tax-assessing agency.
We calculate that damages to lost beach days will have a present value of between $12.5
million and $15 million with no mitigation, and between $3.1 million and $6.3 million
with conservation activities.  The expected net benefit of mitigation is between $6.2
million and $11.9 million using a 1% discount rate over 20 years with mitigating
activities.

An alternative but comparable estimate assumes that the person-days affected by the
potential beach closures are random and therefore average beach day values should be
used rather than marginal.  Using the average values from Table 3.1 for tourists and
residents, again with a discount rate of 1% and an anticipated population increase of 1%
per year, we estimate potential individual and total losses from increased runoff as shown
in the following table (Table 11.1).

Table 11.1: Average Losses from Increased Beach Closures
Tourist
individual

Resident
individual

Tourist
Total PV
(000s)

Resident
Total PV
(000s)

Total PV
(000s)

Low
damages, no
mitigation

$0.13 $0.03 $17,020 $862 $17,862

High
damages, no
mitigation

$0.16 $0.04 $20,948 $1,070 $22,018

Low
damages,
mitigation

$0.03 $0.008 $3,928 $214 $4,142

High
damages,
mitigation

$0.06 $0.02 $8,379 $428 $8,807

Savings from mitigating activities under this assumption are between $9.1 million and
$17.9 million, about 33% higher than using the marginal user’s losses.  This higher loss
may more accurately reflect the opportunity cost of beach closures that affect the average
beach user.  Additionally, in this winter season of 2004-2005, beach closures have
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increased dramatically after heavy rains, and further increases in damages appear
imminent.  Thus we expect damages to be higher than reported here and increasing.

Demand for healthy reef is estimated per square meter and is based on amenity values,
recreational values, and fisheries values.  We estimate that a 1% increase in runoff will
decrease coral cover by only 0.00047%.  We estimate that approximately 79% of the 504
square kilometers of reef surrounding Oahu will be impacted by the increase in runoff
from the Ko`olaus, and that 8% of reefs lie below predominantly upslope conservation
land.  Minimum damages from decreased coral cover associated with a 15% increase in
runoff range from $393,000 to $1.156 million per year.

If the degradation takes place over 20 years, using 1% discount rates, the minimum
damages without mitigation are estimated to have a present value between $478,000 and
$583,000 using the values generated by the estimation of coral cover loss due to
sedimentation increases. Mitigation decreases these damages to between $113,000 and
$230,000 in present value.  The savings from mitigation are thus between $240,000 and
$470,000 in present value.

Using the values generated by the estimate of coral cover loss due to a change in the
upland conservation district, we assume that 225,800 square meters of reef are lost over
20 years at an even rate of degradation of 11,290 square meters per year.  The damages
without mitigation are estimated to have a present value over 20 years (1% discount rate)
of $3,384,000, while successful mitigation will leave the district intact and damages are
estimated at zero.  This more blunt estimation provides an upper bound for the expected
damages as well as savings from mitigation efforts.

The present value of mitigation costs is estimated at $14.9 million above current
expenditures over 20 years at a 1% discount rate.  The present value of damages with no
mitigation is estimated at between $12.978 million and $25.384 million, while the present
value of damages with mitigation is estimated at between $3.413 million and $8.8
million.  Thus, mitigation expenditures should reduce the present value of damages by
between $4.178 million and $21.971 million.

Though it is therefore questionable as to whether the benefit-cost ratio would be greater
than one for conservation costs versus near-shore benefits, two important points should
be apparent.  First, there are near-shore damages occurring due to upslope changes, and
these damages are expected by forest and water quality experts to increase over the next
20 years.  Second, upslope conservation activities will decrease the probability of
damages significantly over this time period, in addition to other benefits they convey
directly to forest quality.  These benefits should be included in any decision-making for
forest conservation expenditures.

12. References



67

Barbier, E. B. (1994). “Valuing Environmental Functions: Tropical Wetlands.” Land
Economics 70(2): 155-173.

Bell, F. (1998). “The State of Nature as an Input into the Production Function.” Journal
of Economic Research 3: 1-20.

Bell, F. W. and Vernon R. L. (1990).  “Recreational Demand by Tourists for Saltwater
Beach Days,” Journal of Environmental Economics and Management 18: 189-205.

Bell, F. W. and Vernon R. L. (1986).  An Economic Analysis of the Importance of
Saltwater Beaches in Florida.  Report Number 82,  Florida Sea Grant College.

Bowen, R. L. and C. Ferguson. (1996). Value of Water Quality at Kailua Beach.
Honolulu: University of Hawai‘i at Mänoa.

Blomquist, G. C., M. A. Newsome, et al. (2000). “Public Marginal Willingness to Trade
Off among Water Quality programs: Estimates of Statewide and Watershed-specific
Budget values.” Water Resources Research 36(5): 1301-1313.

Brewer, W. A. and J. T. Berdach (1993). Background Studies of Nonpoint Source
Pollution in the State of Hawaii: Final Report. Honolulu, Office of State Planning, State
of Hawaii.

Bruijnzeel, L. A. (1990). Hydrology of moist tropical forests and effects of conservation:
a state of knowledge review. Netherlands International Hydrological Programme of
UNESCO.

Carpentier, C. L., D. J. Bosch, et al. (1998). “Using Spatial Information to Reduce Costs
of Controlling Agricultural Nonpoint Source Pollution.”
Agricultural and Resource Economics Review 27(1): 72-84.

Cesar, Herman and Peter Beurkering (2002).  “Economic Valuation of Hawaii’s Coral
Reefs,” NOAA Final Report (FY 2001-2002) Online at
http://www.hawaii.edu/ssri/hcri/rp/cesar/noaa_final_report_01-02/cesar_final_report-01-
02.htm

Chomitz, K. M. and K. Kumari (1996). “The Domestic Benefits of Tropical Forests: A
Critical Review Emphasizing Hydrological Functions.” Policy Research Working Paper
(World Bank)(1601): 41.

Costanza, R. and T. Maxwell (1991). “Spatial Ecosystem Modeling using Parallel
Processors.” Ecological Modeling 58: 159-83.

Costanza, R., R. d'Arge, et al. (1997). “The value of the world's ecosystem services and
natural capital.” Nature 387(6630): 253-261.



68

Cox, D. C. and L. C. G. Jr. (1970). ESTUARINE POLLUTION IN THE STATE OF
HAWAII: Statewide Study. Honolulu, Water Research Resources Center.

Cruz, W., H. A. Francisco, et al. (1988). “The On-site and Downstream Costs of Soil
Erosion in the Magat and Pantabangan Watersheds.” Journal of Phillipine Development
XV(1).

Dissart, J.-C., L. Baker, et al. (2000). “The Economics of Erosion and Sustainable
Practices: The Case of the Saint-Esprit Watershed.” Canadian Journal of Agricultural
Economics 48(2): 103-122.

Ellis, G. M. and A. C. Fisher (1987). “Valuing the environment as input.” Journal of
Environmental Management 25: 149-56.

Esposo, J. (2000). GIS Cover Layers. Honolulu, State Office of Planning.

Federal Register(1994). Endangered and Threatened Wildlife and Plants;
Engangered Status for 11 Plant Species from the Koolau Mountain Range, Island of
Oahu, Hawaii; Final Rule. 50 CFR Part 17.

Fujioka, R. (2005).  “Problems with the application of EPA recreational water quality
standards in Hawaii: An assessment of the scientific issues and policy issues,” presented
at the University of Hawaii Water Resources Research Center Seminar Series, January
20, 2005.

Geoghegan, J. and N. Bockstael (1997). “Human Behavior and Ecosystem Valuation: An
Application to the Patuxent Watershed of the Chesapeake Bay,” in Ecosystem Function
and Human Activities: Reconciling Economics and Ecology. New York, Chapman &
Hall: 147-73.

Giambelluca, T. (1983). Water Balance of the Pearl Harbor-Honolulu Basin, Hawai'i,
1946-1975. Honolulu, Water Resources Research Center, University of Hawai'i, Manoa.

Giambelluca, T., M. A. Nullet, et al. (1986). Rainfall Atlas of Hawaii. Honolulu, State of
Hawai'i, Department of Land and Natural Resources, Division of Water and Land
Development.

Giambelluca, T., M. Ridgley, et al. (1996). “Water Balance, Climate Change and Land-
use Planning in the Pearl Harbor Basin, Hawai'i.” Water Resources Development 12(4):
515-530.

Godoy, R., R. Lubowski, et al. (1993). “A Method for the Economic Valuation of Non-
timber Tropical Forest Products.” Economic Botany 47(3): 220-233.



69

Griffith, D. A. and L. J. Layne (1999). A Casebook for Spatial Statistical Analysis: A
Compilation of Analyses of Different Thematic Data Sets. Oxford, Oxford University
Press.

Hamilton, L. S. and P. N. King (1983). Tropical Forested Watersheds: Hydrologic and
Soils Response to Major Uses or Conversions. Boulder, CO, Westview Press.

Hannon, B. and M. Ruth (1997). Modeling Dynamic Biological Systems. New York,
Springer-Verlag.

Hawaii Department of Health (2002).  Revisions to Total Maximum Daily Loads for the
Ala Wai Canal, Island of Oahu, Hawaii.  Prepared in conjunction with US Environmental
Protection Agency, Region 9. (June 2002).

Hawaii Department of Health (2004). Beach Closure Data, 1994-2004.  Personal
Communication, Feb 24, 2004.

Hawaii Department of Health (2005). Beach Closure Data, 2004-2005.  Personal
Communication, April 12, 2005.

Hawaii Coral Reef Assessment and Monitoring Program (2005).  Fish and Benthic Data.
Online at http://cramp.wcc.hawaii.edu .

Hawaii State Department of Business, Economic Development and Tourism (2003). 2003
State of Hawaii Data Book.  Online at
http://www3.hawaii.gov/DBEDT/index.cfm?section=statistics_and_economic_information516&siteID=1  .

Hawaii State Department of Business, Economic Development and Tourism (1999). 1999
State of Hawaii Data Book.  Online at
http://www3.hawaii.gov/DBEDT/index.cfm?section=statistics_and_economic_information516&siteID=1  .

Hawaii State Division of Land and Natural Resources. (2004). Personal Communication.
Honolulu.

Hawaii State Division of Land and Natural Resources. (1997). Koolau Watershed
Partnership Meeting. Honolulu.

Heal, G., G. Chichilnisky, et al. (1996). “Uncertain Future Preferences and
Conservation.” Paine Webber Working Paper Series in Money, Economics and
Finance(PW-96-03): 18.

Hoover, Daniel (2002).  Fluvial Nitrogen and Phosphorus in Hawaii: Storm Runoff, Land
Use, and Impacts on Coastal Waters.  University of Hawaii Dissertation (August 2002).
UMI # 3057363



70

Jenkins, P., G. Nugent, et al. (1994). Ungulate Control in Hawai'i: Research
Recommendations. Honolulu, Hawai'i Animal Control Research Consortium: 39.

Jones, B. L., R. H. Nakahara, et al. (1971). Reconnaissance Study of Sediment
Transported by Streams: Island of Oahu. Honolulu, United States Geological Survey: 51.

Kahn, J. R. (1998). The Economic Approach to Environmental and Natural Resources,
Second Edition. Orlando, FL, Dryden Press.

Kaiser, B., Krause, N. and J. Roumasset (1999).  Environmental Valuation and the
Hawaiian Economy.  Online publication at UHERO
http://www.uhero.hawaii.edu/workingpaper/HawaiiEnviroEvaluation.pdf

Kaiser, B. and J. Roumasset (2000). “Water Management and the Valuation of Indirect
Environmental Services.” Interdisciplinary Environmental Review 2(2): 102-122.

Kramer, R. A., N. Sharma, et al., Eds. (1995). Valuing Tropical Forests: Methodology
and Case Study of Madagascar. Washington, DC, The World Bank.

Laws, E.A., Hiraoka, J., Mura, M., Punu, B., Rust, T., Vink, S. & C. Yamamura. (1994).
“Impact of Land Runoff on Water Quality in an Hawaiian Estuary,” Marine
Environmental Research 38: 225-241.

Laws, E. A., D. Ziemann, et al. (1999). “Coastal water quality in Hawaii: the importance
of buffer zones and dilution.” Marine Environmental Research 48: 1-21.

Lintner, A. M. and A. Weersink (1999). “Endogenous transport coefficients: implications
for improving water quality from multi-contaminants in an agricultural watershed.”
Environmental and Resource Economics 14(2): 269-96.

Loomis, J. B. and D. S. White (1996). “Economic Benefits of Rare and Endangered
Species: Summary and Meta-analysis.” Ecological Economics 18: 197-206.

Mink, J. F., E. T. Murabayashi, et al. (1993). Five-year review of state land use districts:
Protection of watershed and water resources in Hawaii. Honolulu, Water Resources
Research Center: University of Hawaii at Manoa: viii, 31.

Morain, S., Ed. (1999). GIS Solutions in Natural Resource Management: Balancing the
Technical-Political Equation. Santa Fe, Onword Press.

National Climatic Data Center (2005).  Local Climatological Data Annual Summary with
Comparative Data 2005 (for Honolulu International Airport).

Oki, D. S. and T. Giambelluca (1985). Subsurface water and soil quality data base for
State of Hawai'i. Honolulu, Water Resources Research Center, University of Hawaii,
Manoa.



71

Prato, T. and S. Wu (1996). “Alternative Spatial Criteria for Targeting Soil and Water
Quality Improvements in an Agricultural Watershed.” Review of Agricultural Economics
18(2): 293-301.

Qiu, Z., T. Prato, et al. (1998). “Watershed-Scale Economic and Environmental Tradeoffs
Incorporating Risks: A Target MOTAD Approach.” Agricultural and Resource
Economics Review 27(2): 231-40.

Qiu, Z. and T. Prato (1999). “Accounting for Spatial Characteristics of Watersheds in
Evaluating Water Pollution Abatement Policies.” Journal of Agricultural and Applied
Economics 31(1): 161-75.

Sanchirico, J. N. and J. E. Wilen (2001). “A Bioeconomic Model of Marine Reserve
Creation.” Journal of Environmental Economics and Management 42(3): 257-276.

Schmitt, R. C. (1977). Historical Statistics of Hawaii. Honolulu, The University of
Hawaii Press.

Scowcroft, P. G. (1997). “Mass and Nutrient Dynamics of Decaying Litter from
Passiflora mollissima and Selected Native Species in a Hawaiian Montane Rain Forest.”
Journal of Tropical Ecology 13: 407-426.

Shade, P. J. and W. D. Nichols (1996). Water Budget and the Effects of Land-Use
Change on Ground-Water Recharge, Oahu, HI. Honolulu, U.S. Geological Survey: iv,
37.

Soicher, A. J. and F. L. Peterson (1997). “Terrestrial Nutrient and Sediment Fluxes to the
Coastal Waters of West Maui, Hawai'i.” Pacific Science 51(3): 221-232.

State of Hawaii (1998). Instream Use Study: Windward Oahu. Honolulu.

State of Hawaii Legislature (1997). A Bill for an Act Relating to Forestry. HI-LNR-
16(98).

US Department of Agriculture Soil Conservation Service. (1971). General Soil Map:
Oahu Island, Hawaii. Honolulu, University of Hawaii Agricultural Experiment Station.

US Geological Survey (2002). Hawaii District Web Site, U.S. Geological Service.

US Geological Survey (1991). Water Quality Survey Data for North Halawa, Haiku, and
Kamooalii drainage basins. Honolulu, U.S. Geological Survey.

US Geological Survey (2002). National Water-Quality Assessment Program, Oahu
NAWQA, USGS Water Resources of Hawaii and the Pacific. 2002.



72

Vieth, G., H. Gunatilake, et al. (2001). “Economics of Soil Conservation: the Upper
Mahaweli Watershed of Sri Lanka.” Journal of Agricultural Economics 52(1): 139-52.

Wang, R.-Y., I.-P. Wu, et al. (1970). “Instantaneous Unit Hydrograph Analysis of
Hawaiian Small Watersheds” HAES Journal Series 1259(Aug 1970).

Wong, M. (2001). Sedimentation History of Waimaluhia Reservoir during Highway
Construction, 1983-98. Honolulu, US Geological Society: 20.

Wong, M. and S. Young (2001). “Statistical Summary of Hydrologic and Water Quality
Data from the Halawa, Haiku, and Kaneohe Drainage Basins Before, During, and After
H3 Highway Construction, Oahu, HI, 1983-1999,” USGS Open-File Report 01-64.

Wood, H. B. (1977). “Hydrologic Differences Between Selected Forested and
Agricultural Soils in Hawaii.” Soil Science Society of America Journal 41: 132-136.

Wu, I.-P. (1969). Hydrograph study and peak discharge determination of Hawaiian small
watersheds: Island of Oahu. Honolulu, Water Research Resources Center.

13. Appendices

Appendix A1: Derivation of Marginal Benefit Curve from Cesar Study Data.

Using the Cesar Study results to provide the values for reef in abundance as well as reef
in scarcity in combination with GIS data overlaying highly used recreational ocean spots
with coral reef, we determine the following point estimates for marginal benefits of
square meters of reef.

Table A1.1: Willingness to Pay Schedule for Healthy Reef
Willingness to Pay
per square meter

Square meters of reef

$93.91 46,560,000
$58.86 106,730,000
$1.24 1,656,000,000
$0.82 2,536,000,000
$0.52 4,086,000,000
$0.32 6,971,000,000
$0.03 11,057,000,000

The map below shows where high use occurs for Oahu, Kauai, and Maui.  Usage patterns
for for Molokai, Lanai, and Hawaii are estimated by using the average amount of reef for
the three islands that do exhibit data (78%).  Use patterns for the Northwestern Hawaiian
Islands, Niihau, and Kaho`olawe are not estimated or included.    Site activities included
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in high use recreation are aquatic recreation, board and body surfing, canoe paddling,
excursion boating, shell collecting, spear fishing, and sport diving.

Figure A1: Coastal Uses in Hawaii

Data for map compiled from DBEDT, Office of Planning, HI.

Appendix A2: Mitigation Impacts of Conservation Activities

Tables A2.1-A2.7 detail the level of impact the respondents expect the fourteen existing
or proposed management activities would have on reducing the loss of forest cover for
each associated threat.

A2.1 Feral Pigs (36 respondents)
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

5 7 12 8 0 3 1

Expanded fencing 1 1 5 19 7 2 2
Ungulate control 1 1 7 17 7 2 2
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Pig Count 4 8 13 6 1 3 2
Biological Survey 13 9 4 5 1 3 2
New Fencing 0 1 4 24 4 2 2
Soil
Stabilization/replanting

24 3 2 2 0 4 2

Water monitoring 18 6 4 2 1 4 2
Soil/Veg monitoring 20 7 1 3 1 3 1
Weed monitoring 20 6 3 2 1 3 2
Education 13 12 4 3 1 2 2
Volunteer 10 8 10 3 1 3 2

A2.2 Other Feral Animals
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

5 11 12 4 0 3 2

Expanded fencing 1 1 5 19 7 2 2
Ungulate control 2 3 8 15 4 3 2
Biological Survey 13 9 4 5 1 3 2
New Fencing 2 5 3 19 3 3 2
Soil
Stabilization/replanting

24 3 2 2 0 4 2

Water monitoring 18 6 4 2 1 4 2
Soil/Veg monitoring 20 7 1 3 1 3 2
Weed monitoring 20 6 3 2 1 3 2
Education 13 13 3 2 1 3 2
Volunteer 10 8 9 3 1 3 2

A2.3 Invasive plants in general
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

4 7 13 8 0 3 2

Expanded fencing 10 13 5 3 1 3 2
Ungulate control 5 10 10 6 1 2 3
Weed Control 0 4 13 16 0 2 2
Biological Survey 3 4 15 9 1 3 2
New Fencing 8 11 10 1 2 2 3
Soil
Stabilization/replanting

4 13 11 4 0 3 2

Fire Hazard 11 9 8 3 0 4 2
Water monitoring 19 6 3 3 0 4 2
Soil/Veg monitoring 14 10 5 3 0 3 2
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Weed monitoring 0 9 9 14 1 2 2
Education 5 16 7 4 1 2 2
Volunteer 1 9 15 6 2 2 2

A2.4 Miconia calvescens
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

5 8 12 7 1 2 2

Weed Control 0 3 7 19 4 2 2
Biological Survey 3 4 7 17 1 3 2
Soil
Stabilization/replanting

13 9 3 4 1 5 2

Water monitoring 19 7 2 2 1 4 2
Soil/Veg monitoring 16 9 3 3 1 3 2
Weed monitoring 1 6 10 14 2 2 2
Education 6 13 9 4 1 2 2
Volunteer 2 6 15 7 2 2 3

A2.5 Vehicular Access
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

5 9 8 8 1 4 2

Expanded fencing 8 2 6 10 4 5 2
Ungulate control 11 8 6 3 1 5 3
Weed Control 16 6 4 1 1 6 3
Biological Survey 17 7 1 2 2 5 3
New Fencing 10 7 6 4 2 5 3
Soil
Stabilization/replanting

20 6 2 2 0 5 2

Fire Hazard 20 4 3 2 0 6 2
Water monitoring 18 7 3 3 0 4 2
Soil/Veg monitoring 6 13 6 8 0 2 2
Weed monitoring 19 4 1 4 0 6 3
Education 4 14 9 4 2 2 2
Volunteer 12 10 8 1 1 3 2

A2.6 Trail Use
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

9 11 8 4 0 3 2
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($100-150K)
Expanded fencing 13 8 4 4 3 3 2
Ungulate control 11 8 6 3 1 5 3
Weed Control 16 6 4 1 1 6 3
Biological Survey 17 7 1 2 2 5 3
New Fencing 10 7 6 4 2 5 3
Soil
Stabilization/replanting

20 6 2 2 0 5 2

Fire Hazard 20 4 3 2 0 6 2
Water monitoring 18 7 3 3 0 4 2
Soil/Veg monitoring 6 13 6 8 0 2 2
Weed monitoring 19 4 1 4 0 6 3
Education 3 14 11 4 1 2 2
Volunteer 6 11 12 2 1 3 2

A2.7 Fire
Action/$$ Little

impact
(0-5%)

Small
(5-35%)

Some
(35-65%)

Substantial
(65-95%)

Full (95-
100%)

Don’t
know
enough

No
answer

Hire coordinator
($100-150K)

8 10 8 6 0 3 2

Weed Control 9 7 10 3 0 5 3
Soil
Stabilization/replanting

14 8 5 2 0 6 2

Fire Hazard 2 3 11 15 1 3 2
Soil/Veg monitoring 13 7 7 4 0 4 2
Education 3 14 11 4 1 2 2

Appendix A3: Watershed expert Survey

Background (2 questions)

1. Please indicate which descriptions apply to you (you may check more than one):
(Research scientist – terrestrial; Research scientist – marine; Resource manager –
terrestrial; Resource manager – marine; other (please specify))

2. Please check locations for which you have direct research or managerial background
(check all that apply):
(Ko‘olau Conservation District; Windward Oahu; Central Oahu; Waianae Conservation
District; Island of Oahu; Island of Maui; Island of Hawai‘i ; Island of Koho'olawe;
Islands of Molokai or Lanai; Island of Kauai; other Pacific Islands; other watershed
(please specify))
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The conservation district (3 questions)

The Ko‘olau Mountain Watershed Partnership (KMWP) is a private-public co-operative
group whose aims include actively enhancing the health of the Ko‘olau Conservation
District for the purpose of watershed quality. The group has a list of possible
conservation actions and their expected costs.
Using information from the partnership's Action Plan (2002), we will provide brief
descriptions of the conservation district and the surrounding near-shore resources to
characterize the resources and the threats to their quality, as well as descriptions of
conservation activities.
We seek your opinion about the relative threats to forest quality, water quality, and the
cost-effectiveness of a variety of conservation actions targeting these threats.

1. The conservation district

The Conservation District consists of almost 100,000 acres (40,000 hectares) of undeveloped land
in Eastern Oahu. The district runs along the spine of the Ko‘olau mountains, which reach a
maximum elevation of almost 3300 ft (1000m). Rainfall is orographic and rises from under 40 in
(1000mm) per year in the lower levels of the district to 280 in (7000mm) per year at the highest
elevations. Rainfall occurs mainly in 2-3 day storm events, though precipitation above about 2000
ft (600 m) is almost continuously augmented by fog drip and reduced evapotranspiration due to
significant cloud cover. The land is mostly mountainous and deeply dissected from erosion.

The windward slopes are characterized by "steep cliffs and short ridges less than four miles long."

The leeward side "features parallel ridges as long as eleven miles, bounded by steep-sided stream
valleys."

Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
I'll take your word for it; I disagree; please add any comments or explain any disagreement)

2. Land cover characteristics

Land cover consists of a mixture of evergreen forest and scrub/shrub vegetation. On the leeward
side, non-native vegetation is dominant to an elevation of about 430m, and native vegetation is
dominant at elevations above 500m. The non-native vegetation is a combination of intentionally
planted and accidentally introduced species. Efforts at the beginning of the 20th century to quickly
stabilize forest structure led to plantings of silk oak (Grevillea robusta), Paperbark (Meleleuca
quinquenervia) and Eucalyptus spp. which now share the lower elevations with mainly
accidentally introduced Java plum (Syzgium cumini), mango (Mangifera indica) and Kukui nut
(Aleurites moluccana)Other non-native species have "colonized the ridgetops and sides of gulches
in lower areas." These include Christmas berry (Schinus terebinthifolius), Strawberry Guava
(Psidium cattleianum), and Koster's curse (Clidemia hirta).

Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
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I'll take your word for it; I disagree; please add any comments or explain any disagreement)

3. Additional Watershed Characteristics

Soils in the district are not well documented. In general, the soils in Hawai‘i  "have a high clay
content and are highly permeable, but once [they] become compacted they can quickly form an
impenetrable layer." The most common soil classification for the Conservation District is rRT,
rough mountainous land. In the northern portion of the district, Kapaa silty clay on steep slopes
(KIG) is predominant. For further soil information, see
http://www.ctahr.hawaii.edu/soilsurvey/5is/oahuleft.htm Feral pigs (Sus scrofa) are present in the
area in unknown but potentially large numbers. These are identified as the primary mammal of
concern for watershed quality. There are nearly 500 miles of continuous-perennial stream systems
spread out across 43 named streams in the district. Nearly half the total stream mileage is
contained within five stream systems (Anahulu, Paukauila, Ki'iki'i, and Waiawa Streams, and
Waimea River). 17 intermittent streams originate in the district, mainly on leeward side.

Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
I'll take your word for it; I disagree; please add any comments or explain any disagreement)

Threats to the watershed (2 questions)

1. Please indicate on a scale of 1-6 how serious you believe the following threats are to reducing CANOPY
forest cover (of any species) in the Ko‘olau Conservation District when there is no effort at conservation.
(Question 1 of 2) (Not a serious threat (0-5% chance of quality degradation); Not serious (5-10%); Mild
threat (10-20%); Mild-moderate threat (20-50%); Moderate-serious threat (50-80%); Serious threat (80-
100%); I don't know enough to answer)

Feral Pigs; Other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
access; Trail access; Fire

2. Please indicate on a scale of 1-6 how serious you believe the following threats are to reducing
UNDERSTORY forest cover (of any species) in the Ko‘olau Conservation District when there is no effort
at conservation. (Question 2 of 2) (Not a serious threat (0-5% chance of quality degradation); Not serious
(5-10%); Mild threat (10-20%); Mild-moderate threat (20-50%); Moderate-serious threat (50-80%);
Serious threat (80-100%); I don't know enough to answer)

Feral Pigs; Other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
access; Trail access; Fire

I. Conservation actions (14 questions)

Each question briefly describes a management activity. Please indicate the level of impact you expect this
management activity would have on reducing the loss of forest cover expected for each of the threat
perceptions listed above. (Little impact  (0-5% reductions); Small (5-35%) reduction of threat; Some (35-
65%) reduction of threat; Substantial (65-95%) reduction of threat; Full (95-100%) reduction of threat; I
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don't know enough to answer)

If, for example, you believe that an activity will have a significant effect on reducing a threat you had
identified as minimal, check significant reduction for that threat.

1. Action 1: HIRING/EQUIPPING A WATERSHED COORDINATOR

Feral Pigs; Other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
access; Trail access; Fire

2. Action 2: EXPANDING ESTABLISHED FENCING ENCLOSURES IN HIGH ELEVATION AREAS
(e.g. Upper Helemano drainage, Upper Kawai Iki drainage, and Upper Kaluanui drainage)

Feral Pigs; Invasive plants in general; Vehicular (ATV or 4x4) access; Trail access

3. Action 3: EMPLOYING STAFF CONTRACTORS OR VOLUNTEERS TO UTILIZE EFFECTIVE
METHODS TO CONTROL UNGULATE POPULATIONS ABOVE OR BELOW FENCELINES OR
WITHIN FENCED ENCLOSURES

Feral Pigs; Other feral animals; Invasive plants in general; Vehicular (ATV or 4x4) or trail use

4. Action 4: EMPLOYING STAFF CONTRACTORS OR VOLUNTEERS TO UTILIZE EFFECTIVE
METHODS TO CONTROL PRIORITY WEEDS

Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4) or trail use; Fire

5. Action 5: CONDUCT ON-THE-GROUND SURVEYS AS NECESSARY TO GAIN
UNDERSTANDING OF FERAL PIG POPULATION DISTRIBUTION AND DYNAMICS

Feral pigs

6. Action 6: CONDUCT BIOLOGICAL SURVEYS TO IDENTIFY RARE ELEMENTS AND
PRIORITY WEED LOCATIONS

Feral pigs or other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
or trail use

7. Action 7: BUILD NEW FENCES IN HIGH PRIORITY AREAS (summit or riparian areas along key
ridges and valleys in the northern portions of the watershed area)
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Feral Pigs; Other feral animals; Invasive plants in general; Vehicular (ATV or 4x4) or trail use

8. Action 8: STABILIZE EXPOSED MINERAL SOIL AREAS TO ABATE RUNOFF POLLUTION.
REPLANT WITH NATIVES IN WEEDED AREAS.

Feral pigs or other feral animals; Invasive plants in general; Feral pigs or other feral animals; Vehicular
(ATV or 4x4) or trail use; Fire

9. Action 9: CREATE FIRE RISK MAP COMBINING FACTORS RELATED TO FIRE PROBABILITY.
IDENTIFY HIGH FIRE RISK AREAS THAT COINCIDE WITH AREAS OF HIGH RESOURCE
VALUE AND TARGET FOR FIRE PREVENTION. IDENTIFY AND ESTABLISH HELICOPTER-
LANDING ZONES AS NECESSARY

Invasive plants; Vehicular (ATV or 4x4) or trail use; Fire

10. Action 10: DEVELOP WATER MONITORING PROGRAM TO MEASURE SEDIMENTATION
STREAM FLOW TURBIDITY AND NUTRIENTS ON SUBWATERSHED OR VALLEY LEVEL

Feral pigs or other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
or trail use

11. Action 11:ESTABLISH HUMAN IMPACT MONITORING TEST SITES FOR MEASURING SOIL
AND VEGETATION DISTURBANCE.

Feral pigs or other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
or trail use; Fire

12. Action 12:DEVELOP AND IMPLEMENT A WEED CONTROL EFFICACY MONITORING
PROGRAM INCLUDING FOLLOW-UP MONITORING WITH CLEAR METHODS TO DETERMINE
THE EFFECTIVENESS OF CONTROL EFFORTS

Feral pigs or other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
or trail use

13. Action 13: CREATE A BROCHURE AND PUBLIC SERVICE ANNOUNCEMENTS FOR THE
DISTRICT'S WATERSHED PROTECTION EFFORTS AND PROMOTE WATERSHED AWARENESS
WITH PROGRAMS ON EFFECTS OF RECREATIONAL USE FIRE

Feral Pigs; Other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
access; Trail access; Fire

14. Action 14: CREATE VOLUNTEER PROJECTS FOR EXISTING VOLUNTEER NETWORKS TO



81

ASSIST WITH WATERSHED RESOURCE MANAGEMENT PROJECTS SUCH AS LABOR-
INTENSIVE EFFORTS LIKE WEED CONTROL RIPARIAN RESTORATION AND TRAIL
MAINTENANCE IN ACCESSIBLE AREAS

Feral pigs or other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
use; Trail use

II. Open-ended conservation questions (2 questions)

1. What pest(s) or other problems should be the primary target of conservation efforts to protect/enhance
the watershed?

2. In your opinion, what changes should we expect with regard to runoff in the next twenty years if there is
no additional conservation effort undertaken?

III. Conservation expenditures (6 questions)

For each action, we present the expected annual costs of providing this conservation. Please indicate how
strongly you believe each action should be funded, given the expected benefits.

1. Please indicate the importance of annual funding each action (Fund; high priority for funding; moderate
priority for funding; low priority for funding; do not fund; I don’t know enough to answer)

Action 1 (Watershed Coordinator  $75-100K/yr)

Action 3 (Controlling Ungulates  $75K/yr)

Action 4 (Controlling Weeds  $75K/yr)

Action 11 (Maintain soil/veg'n disturbance monitoring  $20K/yr)

Action 12 (Weed control efficacy monitoring  $15K/yr)

Action 13.1 (Education: recreational effects  $10K/yr)

Action 13.2 (Education: fire  $10K/yr)

Action 13.3 (Education: watershed  $20K/yr)

Action 14 (Volunteer opportunities  $5/yr)

2. Please indicate the priority of each high elevation expansion fencing project (Action 2) at an expected
cost of $66 000 each.  Ties should be expressed as equal priority. (First priority, second priority, third
priority, do not fund, I don’t know enough to answer)

Upper Helemano drainage

Upper Kawai Iki drainage

Upper Kaluanui drainage
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3. Please indicate the number of times over a 10-year period you would fund the following actions. (0; 1-2;
3-5; 6-8; 9-10; More than 10; I don’t know)

Action 5 (Pig surveys  $20K/survey)

Action 6 (Biological surveys  $50K/survey)

4. New fencing costs $75-100K per mile.  Please indicate the miles of fence that you feel would be
necessary to maintain the status quo level of watershed quality in the Ko‘olaus. The entire conservation
district is approximately 155 square miles. (No new fencing needed; 1-2 miles; 2-5 miles; 5-10 miles; 10-20
miles; 20-50 miles; 50; 100 miles; 100-155 miles; I don’t know; Exactly ___ miles)

5. Soil stabilization and replanting with native species in weedy areas costs between $5-10K per acre.
There are 100 000 acres in the conservation district approximately 50 000 of which are native habitat. The
remainder is non-native vegetation and contains an unknown portion of bare soil (USGS is attempting to
quantify this portion but has not completed the study). There are currently two small projects (approx. 50
acres each) being restored. Please enter the number of additional acres you feel should be treated with
replanting to maintain the status quo of the watershed for the next 20 years. Check all that apply. (No
further replanting necessary; All bare soils however much that is, All bare soils but no need to limit
replanting to natives; All Miconia calvescens infestations (currently max. 700 acres); All Miconia
calvescens infestations but no need to limit replanting to natives; All weedy infestations (approximately
25000 acres); All weedy infestations but no need to limit replanting to natives; All non-native areas
(approximately 50000 acres); I don't know; Other acreage)

6. A new stream gauge costs approximately $10 000. Maintenance of a sedimentation gauge may be $20
000 per year. There are currently 8 operating gauges providing daily water quality data on Oahu. An
additional 25 gauges were providing periodic data through at least Sept 2002 (USGS). Please indicate how
many gauges should be added to the conservation district for the purpose of maintaining the status quo of
the watershed. (No new gauges necessary; 1-2; 3-4; 5-6; 7-8; 9-10; I don’t know; other (please specify))

Near-shore resources (2 questions)

Oahu's streams introduce fresh water and sediments to important near-shore resources. These resources
consist mainly of beaches, reefs, and coastal fisheries. Beaches and reefs provide recreational opportunities
and we assume increased sedimentation directly reduces the satisfaction of a beach visit or
snorkeling/diving visits to reefs. Beaches and reefs provide structural protection and housing stock value.
We assume that increased sedimentation reduces the rate of growth of hard corals and coralline algae,
which indirectly lowers the value to protection and housing. Furthermore, sedimentation enhances the
growth of algae that detracts from housing values. Increased sedimentation also may impact coastal
fisheries, reducing their biomass and value, through the reduced health of the reef.

Background information from H3 construction: We describe here summary information collected before,
during and after the construction of the H3 highway through the Ko‘olaus. The information is for Halawa
stream (Leeward Ko‘olaus). [Data for additional parameters and extensive discussion can be found in
USGS Open File Report 01-64, available online at http://hi.water.usgs.gov/pubs/ofr01-64.pdf]

Discharge (Instantaneous, cu.ft./s)
Before (1983-1987) Min: 0.03 Max: 37 50th percentile: 1.8



83

During (1987-1997) Min: 0.01 Max: 229 50th percentile: 0.5
After (1997-1999) Min: 0.01 Max: 44 50th percentile: 0.16

Turbidity (NTU - Nephelometric Turbidity Unit)
Before (1983-1987) Min: 0.4 Max: 14 50th percentile: 1.5
During (1987-1997) Min: 0.2 Max: 2000 50th percentile: 2.1
After (1997-1999) Min: 0.2 Max: 390 50th percentile: 2.5

Fecal Coliform 0.7 micron membrane filter (colonies/100 mL)
Before (1983-1987) Min: 16 Max: 6200 50th percentile: 90
During (1987-1997) Min: 48 Max: 16000 50th percentile: 340
After (1997-1999) Min: 130 Max: 1600 50th percentile: NA

Role of sediments and runoff. Please consider the extent to which runoff and sedimentation change reef
composition and beneficial assets to humans in the next questions.

1. Next to each sedimentation condition please indicate the expected state(s) of the near-shore resources.
(Water quality is high; Water quality poor biologically (e.g. low D.O. BOD); Water quality poor visibly
(high turbidity); Uncertain)

Natural background sedimentation

Sedimentation rates 10-20% above background

Sedimentation rates 100-150% above background

Sedimentation rates 10-20% below background

Sedimentation rates 100-150% below background

2. Which of the following statements most closely resembles your professional opinion on the health of the
Ko‘olau watershed and near-shore resources?

The conservation district is in good health and needs little human intervention to maintain near-shore
resource quality. Conservation efforts of around $60000 should maintain quality.

The conservation district is in good health but faces moderate threats that will deteriorate near-shore
resources. Conservation activities with a budget of around $300000/yr should maintain quality.

The conservation district is in moderate health but faces significant threats that will deteriorate near-shore
resources. Conservation activities with a budget of around $3 million/yr for five years followed by annual
expenditures of $300000/yr should maintain quality.

The conservation district is not in good health but no conservation expenditures will improve water quality.

The conservation district is not in good health and conservation activities with a budget of around
$300000/yr should improve quality.
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The conservation district is not in good health but conservation activities with a budget of around $3
million/yr for five years followed by annual expenditures of $300000/yr should improve quality.

I have absolutely no idea

Appendix A4: Nearshore resource expert Survey

Background (2 questions)

1. Please indicate which descriptions apply to you (you may check more than one):
(Research scientist – terrestrial; Research scientist – marine; Resource manager –
terrestrial; Resource manager – marine; other (please specify))

2. Please check locations for which you have direct research or managerial background
(check all that apply):
(Ko‘olau Conservation District; Windward Oahu; Central Oahu; Waianae Conservation
District; Island of Oahu; Island of Maui; Island of Hawai‘i ; Island of Koho'olawe;
Islands of Molokai or Lanai; Island of Kauai; other Pacific Islands; other watershed
(please specify))

The conservation district (3 questions)

The Ko‘olau Mountain Watershed Partnership (KMWP) is a private-public co-operative
group whose aims include actively enhancing the health of the Ko‘olau Conservation
District for the purpose of watershed quality. The group has a list of possible
conservation actions and their expected costs.
Using information from the partnership's Action Plan (2002), we will provide brief
descriptions of the conservation district and the surrounding near-shore resources to
characterize the resources and the threats to their quality, as well as descriptions of
conservation activities.
We seek your opinion about the relative threats to forest quality, water quality, and the cost-effectiveness of
a variety of conservation actions targeting these threats.

1. The conservation district

The Conservation District consists of almost 100,000 acres (40,000 hectares) of undeveloped land
in Eastern Oahu. The district runs along the spine of the Ko‘olau mountains, which reach a
maximum elevation of almost 3300 ft (1000m). Rainfall is orographic and rises from under 40 in
(1000mm) per year in the lower levels of the district to 280 in (7000mm) per year at the highest
elevations. Rainfall occurs mainly in 2-3 day storm events, though precipitation above about 2000
ft (600 m) is almost continuously augmented by fog drip and reduced evapotranspiration due to
significant cloud cover. The land is mostly mountainous and deeply dissected from erosion.

The windward slopes are characterized by "steep cliffs and short ridges less than four miles long."

The leeward side "features parallel ridges as long as eleven miles, bounded by steep-sided stream
valleys."
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Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
I'll take your word for it; I disagree; please add any comments or explain any disagreement)

2. Land cover characteristics

Land cover consists of a mixture of evergreen forest and scrub/shrub vegetation. On the leeward
side, non-native vegetation is dominant to an elevation of about 430m, and native vegetation is
dominant at elevations above 500m. The non-native vegetation is a combination of intentionally
planted and accidentally introduced species. Efforts at the beginning of the 20th century to quickly
stabilize forest structure led to plantings of silk oak (Grevillea robusta), Paperbark (Meleleuca
quinquenervia) and Eucalyptus spp. which now share the lower elevations with mainly
accidentally introduced Java plum (Syzgium cumini), mango (Mangifera indica) and Kukui nut
(Aleurites moluccana)Other non-native species have "colonized the ridgetops and sides of gulches
in lower areas." These include Christmas berry (Schinus terebinthifolius), Strawberry Guava
(Psidium cattleianum), and Koster's curse (Clidemia hirta).

Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
I'll take your word for it; I disagree; please add any comments or explain any disagreement)

3. Additional Watershed Characteristics

Soils in the district are not well documented. In general, the soils in Hawai‘i  "have a high clay
content and are highly permeable, but once [they] become compacted they can quickly form an
impenetrable layer." The most common soil classification for the Conservation District is rRT,
rough mountainous land. In the northern portion of the district, Kapaa silty clay on steep slopes
(KIG) is predominant. For further soil information, see http://www.ctahr.Hawaii
.edu/soilsurvey/5is/oahuleft.htm Feral pigs (Sus scrofa) are present in the area in unknown but
potentially large numbers. These are identified as the primary mammal of concern for watershed
quality. There are nearly 500 miles of continuous-perennial stream systems spread out across 43
named streams in the district. Nearly half the total stream mileage is contained within five stream
systems (Anahulu, Paukauila, Ki'iki'i, and Waiawa Streams, and Waimea River). 17 intermittent
streams originate in the district, mainly on leeward side.

Please indicate which of the following statements best reflects your opinion of this synopsis.  If you
disagree please state your reasons below. (I agree with the characterization of the Conservation District;
I'll take your word for it; I disagree; please add any comments or explain any disagreement)

I. Threats to water quality (1 question)

1. Please indicate on a scale of 1-6 how serious you believe the following threats are to water quality and
near-shore resource quality where the Ko‘olau Conservation District lands drain when there is no additional
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effort at conservation. (Not a serious threat (0-5% chance of quality degradation); Not serious (5-10%);
Mild threat (10-20%); Mild-moderate threat (20-50%); Moderate-serious threat (50-80%); Serious threat
(80-100%); I don't know enough to answer)

Feral Pigs; Other feral animals; Invasive plants in general; Miconia calvescens; Vehicular (ATV or 4x4)
access; Trail access; Fire

II. Conservation expenditures (5 questions)

For each action, we present the expected annual costs of providing this conservation. Please indicate how
strongly you believe each action should be funded, given the expected benefits to water quality and near-
shore resources.

1. Please indicate the importance of annual funding each action (Fund; high priority for funding; moderate
priority for funding; low priority for funding; do not fund; I don’t know enough to answer)

Hire a Watershed Coordinator $75-100K/yr

Control Ungulate populations $75K/yr

Control Weeds $75K/yr

Maintain soil/vegetation disturbance monitoring $20K/yr

Weed control efficacy monitoring $15K/yr

Develop public awareness of recreational effects $10K/yr

Develop public awareness of fire hazard: $10K/yr

Develop public awareness of the watershed $20K/yr

Develop volunteer opportunities $5/yr

2. Please indicate the number of times over a 10 year period you would fund the following actions in order
to maintain high water quality and near-shore resource quality. (0; 1-2; 3-5; 6-8; 9-10; more than 10; I
don’t know)

Pig population/distribution surveys $20K/survey

Biological surveys $50K/survey

3. New fencing costs $75-100K per mile.  Please indicate the miles of fence that you feel would be
necessary to maintain the status quo level of watershed quality in the Ko‘olaus. The entire conservation
district is approximately 155 square miles. (No new fencing needed; 1-2 miles; 2-5 miles; 5-10 miles; 10-20
miles; 20-50 miles; 50; 100 miles; 100-155 miles; I don’t know; Exactly ___ miles)

4. Soil stabilization and replanting with native species in weedy areas costs between $5-10K per acre.
There are 100 000 acres in the conservation district approximately 50 000 of which are native habitat. The
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remainder is non-native vegetation and contains an unknown portion of bare soil (USGS is attempting to
quantify this portion but has not completed the study). There are currently two small projects (approx. 50
acres each) being restored. Please enter the number of additional acres you feel should be treated with
replanting to maintain the status quo of the watershed for the next 20 years. Check all that apply. (No
further replanting necessary; All bare soils however much that is, All bare soils  but no need to limit
replanting to natives; All Miconia calvescens infestations (currently max. 700 acres); All Miconia
calvescens infestations but no need to limit replanting to natives; All weedy infestations (approximately
25000 acres); All weedy infestations but no need to limit replanting to natives; All non-native areas
(approximately 50000 acres); I don't know; Other acreage)

5. A new stream gauge costs approximately $10 000. Maintenance of a sedimentation gauge may be $20
000 per year. There are currently 8 operating gauges providing daily water quality data on Oahu. An
additional 25 gauges were providing periodic data through at least Sept 2002 (USGS). Please indicate how
many gauges should be added to the conservation district for the purpose of maintaining the status quo of
the watershed. (No new gauges necessary; 1-2; 3-4; 5-6; 7-8; 9-10; I don’t know; other (please specify))

III. Open-ended conservation questions (2 questions)

1. What pest(s) or other problems should be the primary target of conservation efforts for the purpose of
reducing runoff?

2. What is your best guess as to the changes we can expect to experience in terms of runoff and its impacts
in the next 20 years if there is no additional conservation effort taken?

IV. The role of sediments and runoff (6 questions)

Oahu's streams introduce fresh water and sediments to important near-shore resources. These resources
consist mainly of beaches, reefs, and coastal fisheries. Beaches and reefs provide recreational opportunities
and we assume increased sedimentation directly reduces the satisfaction of a beach visit or
snorkeling/diving visits to reefs. Beaches and reefs provide structural protection and housing stock value.
We assume that increased sedimentation reduces the rate of growth of hard corals and coralline algae,
which indirectly lowers the value to protection and housing. Furthermore, sedimentation enhances the
growth of algae that detracts from housing values. Increased sedimentation also may impact coastal
fisheries, reducing their biomass and value, through the reduced health of the reef.

Background information from H3 construction: We describe here summary information collected before,
during and after the construction of the H3 highway through the Ko‘olaus. The information is for Halawa
stream (Leeward Ko‘olaus). [Data for additional parameters and extensive discussion can be found in
USGS Open File Report 01-64, available online at http://hi.water.usgs.gov/pubs/ofr01-64.pdf]

Discharge (Instantaneous, cu.ft./s)
Before (1983-1987) Min: 0.03 Max: 37 50th percentile: 1.8
During (1987-1997) Min: 0.01 Max: 229 50th percentile: 0.5
After (1997-1999) Min: 0.01 Max: 44 50th percentile: 0.16

Turbidity (NTU - Nephelometric Turbidity Unit)
Before (1983-1987) Min: 0.4 Max: 14 50th percentile: 1.5
During (1987-1997) Min: 0.2 Max: 2000 50th percentile: 2.1
After (1997-1999) Min: 0.2 Max: 390 50th percentile: 2.5
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Fecal Coliform 0.7 micron membrane filter (colonies/100 mL)
Before (1983-1987) Min: 16 Max: 6200 50th percentile: 90
During (1987-1997) Min: 48 Max: 16000 50th percentile: 340
After (1997-1999) Min: 130 Max: 1600 50th percentile: NA

1. Please indicate the conditions that best describe your assessment of the current states of runoff and
sedimentation REACHING THE OCEAN from the WINDWARD KO‘OLAUS (Natural Background
levels; Elevated by human intervention; Reduced by human intervention; Infused with toxics; Infused with
other waste products; Unable to judge)

Runoff (Streamflow) North of Kaneohe Bay

Runoff to Kaneohe Bay

Runoff South of Kaneohe Bay

Sedimentation North of Kaneohe Bay

Sedimentation to Kaneohe Bay

Sedimentation South of Kaneohe Bay

2. Please indicate the conditions that best describe your assessment of the current states of runoff and
sedimentation REACHING THE OCEAN from the LEEWARD KO‘OLAUS (Natural Background levels;
Elevated by human intervention; Reduced by human intervention; Infused with toxics; Infused with other
waste products; Unable to judge)

Runoff (Streamflow) North

Runoff to Pearl Harbor

Runoff to Honolulu

Runoff to Waikiki

Sedimentation North

Sedimentation to Pearl Harbor

Sedimentation to Honolulu

Sedimentation to Waikiki

Please consider the extent to which runoff and sedimentation change reef composition and beneficial assets
to humans in the next questions.

1. Next to each sedimentation condition please indicate the expected state(s) of the near-shore resources.
(Water quality is high; Water quality poor biologically (e.g. low D.O. BOD); Water quality poor visibly
(high turbidity); Uncertain)

Natural background sedimentation

Sedimentation rates 10-20% above background

Sedimentation rates 100-150% above background
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Sedimentation rates 10-20% below background

Sedimentation rates 100-150% below background

2. Next to each sedimentation condition please indicate the expected state(s) of the near-shore resources.
(Reef growth is normal for temperature substrate etc.; Reef growth is deterred but without significant
impact; Reef growth is deterred to detriment of fisheries; Reef growth is deterred to detriment of
recreation; Reef growth is enhanced but without significant impact; Reef growth is enhanced with gain to
fisheries; Reef growth is enhanced with gain to recreation; Uncertain)

Natural background sedimentation

Sedimentation rates 10-20% above background

Sedimentation rates 100-150% above background

Sedimentation rates 10-20% below background

Sedimentation rates 100-150% below background

3. Next to each sedimentation condition please indicate the expected state(s) of the near-shore resources.
(Algal growth is normal; Algal growth is enhanced but without significant impact; Algal growth is
enhanced with detriment to ecosystem; Algal growth is enhanced with detriment to aesthetics/recreation;
Algal growth deterred but without significant impact; Algal growth deterred to gain of ecosystem and/or
aesthetics/recreation; Uncertain)

Natural background sedimentation

Sedimentation rates 10-20% above background

Sedimentation rates 100-150% above background

Sedimentation rates 10-20% below background

Sedimentation rates 100-150% below background

4. Which of the following statements most closely resembles your professional opinion on the health of the
Ko‘olau watershed and near-shore resources?

The conservation district is in good health and needs little human intervention to maintain near-shore
resource quality. Conservation efforts of around $60000 should maintain quality.

The conservation district is in good health but faces moderate threats that will deteriorate near-shore
resources. Conservation activities with a budget of around $300000/yr should maintain quality.

The conservation district is in moderate health but faces significant threats that will deteriorate near-shore
resources. Conservation activities with a budget of around $3 million/yr for five years followed by annual
expenditures of $300000/yr should maintain quality.

The conservation district is not in good health but no conservation expenditures will improve water quality.
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The conservation district is not in good health and conservation activities with a budget of around
$300000/yr should improve quality.

The conservation district is not in good health but conservation activities with a budget of around $3
million/yr for five years followed by annual expenditures of $300000/yr should improve quality.

I have absolutely no idea


