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1. EXECUTIVE SUMMARY

The objective of this research was to estimate the value of ecosystem services protected by watershed 

conservation activities at The Nature Conservancy’s Waikamoi Preserve on the island of Maui. Projections of 
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payback period, and return on investment. 

Key results are summarized below: 

1. Watershed conservation activities at Waikamoi preserve protect an estimated 63.7 billion gallons of 

freshwater yield and 32.5 billion gallons of groundwater recharge over the next 100 years.
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4. The payback period for investment in Waikamoi is 52 years. 

5. The net present value of conservation in Waikamoi Preserve, when taking into account conservation 

expenditures compared with ecosystem services in addition to freshwater provision, is estimated at 
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ending in 2117. 
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of sediment per year from going into the ocean.

2. PROJECT OVERVIEW

The primary objective of this research is to quantify and monetize groundwater recharge services protected 
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other ecosystem services in Waikamoi.

3. STUDY SITE
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represent East Maui Watershed, one of the largest intact native rain forests in the state, comprising more than 

100,000 acres.

Conservation activities in Waikamoi include fencing, ungulate removal, invasive species control, and 
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zero through organized hunts. Through fencing, snaring and hunting, over 1,000 pigs have been removed since 
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the Waikamoi preserve in 2004. 
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řPsidium cattleianumŚĨ�����ǔǕ�
�Ǖ��řMiconia calvescens) are threats to native forest and shrubland biodiversity. 

�����Ǖ���������Ĩ�Ǖ������Ǖ�������Ǖǔ��������Ǖ���� and gorse řUlex europaeus), have been treated or removed 

extensively throughout Waikamoi Preserve. Removal methods include manual and mechanical methods such 

as pulling and containment, as well as herbicide application. TNC began contracting with Resource Mapping 
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Figure 1. Study site and simulated conversion of native to non-native forest over time in the absence 
of management. Without management actions, complete invasion of existing native forest is 
projected to occur in 65 years in year 2072.
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prevent seed dispersal and follow a strict cleaning protocol for all trucks and gear to remove seeds and insects in 

order to prevent accidental introduction of pest species to the preserve. 

Resource monitoring is an essential component of management in Waikamoi. Monitoring is conducted to 

collect data on plant species composition, distribution, abundance, and percentage cover. TNC collaborated 
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biodiversity and management database with consistent monitoring protocols to evaluate the success of their 

management programs over time.

4. FRESHWATER YIELD BENEFITS
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spread of fast growing invasive species) on freshwater yield, we focus on pathway 1 –changes in AET rates. 
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forest type, a number of plant and stand level studies have found lower water use among native Hawaiian 
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invaded, disturbed forest, there are no quantitative data to be able to adequately include this in our modeling 

framework. Given the current state of data on fog interception and interception, we take a conservative 
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a proxy for native forest). TNC and the East Maui Watershed Partnership are particularly concerned with the 

�Ǖ�����Ǖ����Ǖ����Ǖǔ��������Ǖ�����řH. gardnerianum), which threatens native biodiversity and alters hydrologic 
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University of Hawai‘i and will likely be available in several years), precluding our ability to directly model the 

impact of this species on evapotranspiration. However, given the link between ginger invasion and eventual 

non-native canopy invasion, we utlilize existing data on native vs. non-native canopy species. Although all areas 
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invasion by other non-native canopy species, which likely have similar hydrologic characteristics. Moreover the 
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4.1 LAND COVER SCENARIOS:

We developed land cover scenarios representing likely spread of non-native forest over time in the absence 
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the northern border of Waikamoi in areas where non-native canopy species have been controlled over the 

���Ǖ
��ňņņņŕňņŇŎ�ř
�����
��1-(����� $3.������ǔ��������Ś\�3�����������Ǖ�����������������
��Ňņư���������Ĩ�


�����
�������

������Ǖ
���
��ōŕŇňư�ř)�
ǔ���Ǖ�Ǖ���%��
�Ǖ�������(�ňņŇņŚĨ to adjacent pixels. We also assumed 

������Ǖ�Ǖ
����Ňư�
����
����Ǖ���
�ŕ���Ǖ����
����������������
����������Ǖ����Ǖ����\�3������ǔ�����������Ǖ����
�����

Ǖ������
����������
������������������
���
��������ř�����������������������������
�������������
ǔ��
�ŕ���Ǖ���

�
�����������Ǖ
�Ś\�)Ǖ��������������������
�����Ǖ���ǕŰ����������Ǖ����
�ű�����Ǖ
��Ĩ��������ŇĨņņņ��Ǖǔ����Ǖ
���
��

�
����Ǖ��������������������
������������ř������������������
����ǔ�����
������������Ǖ��!Ǖ�����ňŚ\�-
�ŕ���Ǖ���

�
�����Ǖ�����������
ǔ�ňŎ��
�ŋĨōŌň���������
ǔ�ňņŇŎ��
�ňŇŇŎĨ�������Ǖ����������Ǖ����
�����
��ňņŎň�ř!Ǖ�����ŉŚ\

4.2. CALCULATING AVOIDED LOSS OF FRESHWATER YIELD:
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increase in AET that would likely have occurred in the absence of conservation activities and subsequent 

invasion of non-native forest.

AET is a function of atmospheric conditions, water availability, and vegetation characteristics. To estimate 

how invasion of non-native forest might change AET, we utilized a spatial dataset of current annual AET 
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Figure 3. Acres of native forest and non-native forest over time. 
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Figure 2.  Land cover in the “without conservation” counterfactual scenario from 2018 to 2117 (red 
represents non-native forest and green represents native forest). Note only current native forest 
areas are eligible to be invaded.
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Vegetation characteristics are inherent in that the model was based on the introduced wet-mesic forest land 
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%�(�- Akaike information criterion – an estimator of the relative quality of statistical models) than reference 
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of invaded pixels was calculated 1,000 times for each year in accordance with the land cover maps generated 

by the invasion simulation described above. Avoided freshwater yield loss over time was estimated as the 
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To estimate the amount of avoided freshwater yield loss that could be considered avoided loss of 
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Figure 4. Annual avoided loss of freshwater yield overall (blue) and annual avoided loss of 
groundwater recharge (red). Groundwater recharge is estimated as 51% of freshwater yield.
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4.3. FRESHWATER YIELD RESULTS:

Aggregated over time, total avoided loss of freshwater yield was 63.7 billion gallons and avoided loss of 
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Conversely, if the spread were to be slower, the avoided freshwater loss would be lower. The spread pattern also 

depends on the initial cover of non-native forest. Given the history of conservation, non-native forest cover was 
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the spread would be faster and avoided losses higher.

5. MONETIZING GROUNDWATER RECHARGE BENEFITS

Roughly half of the freshwater yield protected by ongoing TNC management in Waikamoi recharges 
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replenishes the Ko‘olau aquifer in East Maui, which has an estimated sustainable yield of 175 MGD. The aquifer 
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be required, and the cost of transporting the water over long distances to high population areas on Maui would 
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that the Haiku subunit is currently the most feasible groundwater option for meeting future water demand 

growth, given its relative proximity to Central Maui, where much of the island’s future population growth is 

expected to occur.

Projected water consumption based on population growth rates in Maui’s Central and Wailuku Aquifer 
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level.

Table 1. Projected Water Consumption in the Central/Wailuku Aquifer Sector Areas

2035 2045 2055 2065 2075 2085 2095 2105 2115

Baseline Consumption (MGD)* 32.6 40.0 49.1 60.4 74.2 91.2 112.0 137.6 169.1

Shortfall (MGD) 14.0 21.4 30.6 41.8 55.7 72.6 93.5 119.1 150.6

Ũ�1�����Ǖ��������Ǖ
��
��
��������ňņŉŋ]��ŐňŇ\ŋŋŌ�0.0206x�ř/2Őņ\ōōŏŎŇŚ

The current sustainable yield of the Haiku hydrologic unit is estimated at 27 MGD, and current average 

pumpage is approximately 3.4 MGD. To avoid designation of the Haiku unit as a special groundwater 
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current TNC watershed management, assuming constant recharge, available pumpage from the Haiku 
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of Maui DWS 2016). Available yields of potential potable sources and corresponding unit production costs are 

listed in Table 2 in order of least cost, given current estimates of sustainable yield.

Table 2. Future Potable Water Supply Options 

Source
Sustainable 
yield (MGD)

90% of SY 
(MGD)

Current 
pumpage 

(MGD)

Available 
pumpage 

(MGD)
Unit cost 
($/MG)

Unit cost 
($/TG)

Haiku 27 24.3 3.4 20.9 3,710 3.71

Waihe‘e 8 7.2 3.5 3.7 3,800 3.80

Waikapu 3 2.7 0 2.7 4,250 4.25

Makawao 7 6.3 0.4 5.9 4,500 4.50

Seawater Desalination 12,700 12.70

We estimated the total cost across all sources of meeting annual projected consumption from 2017-2117, 

assuming recharge is maintained under current TNC watershed management and future potable sources 
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groundwater from the Waihe‘e subunit. The total present value cost of meeting projected additional potable 
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costs between the baseline scenario with constant recharge, and a counterfactual scenario, in which recharge 

is declining over time due to a hypothetical spread of non-native forest. As discussed in section 4, if watershed 

management ceased and an invasion were to occur over the next century, the land cover change would alter 

annual freshwater yield in Waikamoi, and hence groundwater recharge. The change in recharge to the Haiku 

aquifer would reduce available pumpage, thus requiring an increased share of additional demand being met 

by more costly alternatives. Using the declining recharge trend estimated in Section 4, we estimated the total 
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Waikamoi stopped in 2017, the present value cost of supplying additional potable water needs over the next 100 
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5.1 ADDITIONAL NON-WATER ECOSYSTEM SERVICE BENEFITS
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of native forest by pigs and invasive plants in Hawai‘i, for example, has been found to alter biogeochemical 
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et al. 2012), and reduce a suite of cultural services. Since many of these services are not traded in markets, 
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valuation, hedonic pricing, travel cost, production function, etc.) to each service. However, our ability to directly 

estimate many non-water services was limited by data availability. Moreover, measuring every ecosystem value 

protected by watershed management in Waikamoi was beyond the scope of this study. Given these limitations, 
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collated data from over 300 case study locations worldwide and coded approximately 665 values, representing 

more than 20 ecosystem service types, each of which was sorted into one of the following four general 

categories: provisioning services, regulating services, habitat services, cultural services. Those values were 
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likely serves as a reasonable estimate of the ecosystem services provided. While the value of some services 
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large cultural value of Hawaiian native forest as well as links between forest conservation, surface water quality, 
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and the value of land cover in the invaded scenario was calculated for each year and can be interpreted as the 

��
Ǖ��������Ǖ����
���
�Ĩ����Ǖ��������Ĩ������
�ŕ������
���ű��
��1-(�ǔ�����ǔ���\�!
�����Ǖ��
���������
��ŉưĨ�

�������Ǖǔ�������������������
���ű��
�����Ǖ�Ǖ
�����
�ŕ��������
�����ǔ�����Ǖ����Ǖ��ŶňŊ\ŉ�ǔǕ��Ǖ
�\�1�����
��Ĩ�����

��������������
������
���ű��Ĩ�

��������ŕ�������������
�ŕ�����ŕ�������Ĩ��
�����ŶŌņ\ŋ�ǔǕ��Ǖ
�\�!Ǖ�����ŋ�Ǖ�����������

����Ǖ��������Ǖ��ǔ�����ǔ����
���ű���
�����Ǖǔ�\

1����
�ŕ������
���ű�����Ǖǔ����
��ŶňŊ\ŉ�ǔǕ��Ǖ
��Ǖ����������
Ǖ��������Ǖ����ř1�
���ŉŚĨ���Ǖ���Ǖ��
�������

to represent biodiversity and the value of endangered species present in Waikamoi or adjacent lands. The 

3�Ǖ��ǔ
Ǖ�������������
�Ǖ������
Ǖ�����
���������Ǖ����
�����
Ǖ����ř1-(�$��Ǖ�ňņŇŊŚĨ�Ǖ�����Ǖ����
�������������

�Ǖ��������������������Ǖ��]����������
�����������řPalmeria doleiĨ�ĽĆ�
���
��ŚĨ�$��Ǖ�����
�
Ǖ���řPseudonestor 

xanthophrysĨ��Ǖ�Ǖ�Ǖ�ŚĨ�����ǕǕ����������řPterodroma phaeopygia sandwichensisĨ�Ľ��Ľ�ŚĨ�����ǕǕ����

���řBranta 
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sandvicensis, nƝnƝ). Populations in the Waikamoi watershed region are estimated at 3,800 for the crested 

�
�����������ř(�ǔ�������\�ňņņōŚĨ�ŋņņ��
������$��Ǖ�����
�
Ǖ�� ř+�Ǖ���������\�ňņŇŇŚĨ�����ŊŇŌ��
����������ǕǕ���

�

���ř,�����3����ňņŇňŚ\�%����������Ǖ��������
��������������
���ű���
��������Ǖǔ�
�������
�����
Ǖ�������Ǖ���

Ǖ��������������
����
���
��ǔ��
���������
���������
����
��/Ǖ������
�������

ǔǕ��řňņņōŚĨ���Ǖ����
����

increase the estimated value of Waikamoi’s activities substantially.1 

Ň���/Ǖ������
�������

ǔǕ��řňņņōŚ����Ǖǔ��������
�ŕ�
���������Ǖ
�������Ǖ
�����������
��������
�����������31.�ř�Ǖ��Ǖ��������
�
pay) to prevent the reduction in population of an endangered bird species. Adjusting relevant policy variables and plugging 
in sample means for the methodological variables, we estimated that each household on Maui would hypothetically be 
�Ǖ��Ǖ����
�����ŶŌ\ņŏ�����������
�����������Ňư��
���
�������������
Ǖ�������Ǖ���Ǖ��3�Ǖ��ǔ
Ǖ\�%���ǔǕ�����
�
��Ǖ
������
Ǖ����
loss is approximately equal to proportional population loss, we estimated that TNC’s watershed management in Waikamoi is 
�
����Ǖ������������Ǖ��������
���
������
�ŉĨōōŎ������������
Ǖ����
��������ǔ�����ǔ�������Ǖ
�\�������������������ǔ������31.�
���Ǖǔ���������������������������
������ŋŉĨŏŏŌ��
����
����
��$��ǕĨ������
����.,�
���ű��
��1-(�ǔ�����ǔ����Ǖ�����ǔ��
��
��
Ǖ����
Ǖ����
�������
���Ǖ����
����
�Ŷŋŏ�ǔǕ��Ǖ
�\

7DEOH����6XPPDU\�RI�0RQHWDU\�9DOXHV�8VHG�LQ�%HQH´W�7UDQVIHU�&DOFXODWLRQ�

(Adapted from de Groot et al. 2012)

Service Description Value ($/acre/year)

Provisioning services

Genetic resources The diversity of organisms developed over evolution-
ary time, measurable at species, molecular and sub 
molecular levels.

6

Regulating services

Air quality regulation (FRV\VWHPV�LQµXHQFH�UDLQIDOO�DQG�ZDWHU�DYDLODELOLW\�
both locally and regionally, and play an important role 
in regulating air quality by removing pollutants from 
the atmosphere.

6

Disturbance moderation Ecosystems and living organisms create buffers 
against natural disasters, potentially reducing damage 
IURP�µRRGV��VWRUPV��WVXQDPLV��DYDODQFKHV��ODQGVOLGHV�
and droughts.

33

Erosion prevention Vegetative cover helps to prevent soil erosion, a key 
factor in the process of land degradation. 

7

Nutrient cycling The storage, cycling, and maintenance of nutrients 
by organisms and their associated processes in an 
ecosystem.

1

Habitat services

Nursery service Ecosystems may provide important habitats for the 
SURSDJDWLRQ�DQG�WKH�JURZWK�RI�\RXQJ�LQGLYLGXDOV�¢

8

Genetic diversity The variety of genes between and within species 
populations. Genetic diversity distinguishes different 
breeds or races from each other, providing the basis 
for locally well-adapted cultivars and a gene pool for 
further developing commercial crops and livestock. 

8

Cultural services

Recreation 5HFUHDWLRQDO�EHQH´WV�WR�YLVLWRUV��KLNLQJ��ELUG�ZDWFK-
ing, etc.) and income opportunities for nature tourism 
service providers.

428

Total value of services* 498

Ũ0�ǔǔ��������Ǖ��Ǖ����
����
�Ǖ�����
�����
Ǖ
ǔ��ř�ŐōŌŚ�Ǖ������
�Ǖ�Ǖ����������řŶŮ����Ů����Ś]�ǔ���ŐňĨŋōŌ^����������
���Ǖ��Ǖ
�ŐŉĨňŇŏ^�ǔ��Ǖ��ŐŇĨŇŌŇ^�ǔǕ�ŐŎŏņ^�ǔ��ŐŇņĨňŏŉ\�1�����������������
��������������������Ǖ��������ŏ�
������ňň�����Ǖ����
�
��Ǖ������Ǖ�����)�

�������\�řňņŇňŚ�����Ǖ��������
������
�������Ǖ������Ǖǔ����
���
�ŕ�������������Ǖ��3�Ǖ��ǔ
Ǖ\
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)LJXUH����$QQXDO�PRQHWL]HG�HFRV\VWHP�VHUYLFH�EHQH´WV�RYHU�WLPH
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5.2 WATERSHED MANAGEMENT COSTS

TNC management in Waikamoi watershed supports the continued provision of many ecosystem services. 

%���Ǖ��������Ǖ����������Ǖ
�������Ǖ
�Ĩ�����ǔ
�������������
��������
���ű���
���������������������������Ǖ��
������


�����
�������
��ǔǕ��Ǖ
���
���
�����\������Ǖ������Ǖ
�Ĩ�����Ǖ��������������������
����
��ǔ�Ǖ���Ǖ�Ǖ�����
���
���ű���

into the future.

1-(�ǔ�����ǔ�����Ű
������������������Ǖ���
�����
����ŉņ���������
\��Ǖ��
�Ǖ����������Ǖ��������
ǔ�Ňōōŋŕ

ňņŇň���������Ǖǔ�����
�����
��1-(�$��Ǖļ���
��ŕ/�����$�����ǔ����.�����řŇōōŉĨ�ŇōōōĨ�ňņņŌĨ�ňņŇŇŚ\�.�
�
����


�������������Ǖ�Ǖ����Ǖ��
���������������������Ǖ����������
�Ǖ��]�����������
���
�^�������
���
��řǕ����Ǖ���������

�
���
�Ś^�Ǖ������
����������ǔ����ǔ�ǔǔ����
���
�^�ǔ
�Ǖ�
�Ǖ��^����������Ǖ�����
����Ǖ
��������������^���
�Ǖ��


����������
���ǔ�^���������
����Ĩ����Ǖ�ǔ���Ĩ��������Ǖ�Ǖ�Ǖ��\�.���
������
�������
�������
��ǔ
�������������


������
�����Ĩ���Ǖ�����ǔ�Ǖ�Ǖ���������Ǖ�����������������������Ǖ
������
����Ǖ�
������Ǖǔ��řŶŇĨŇņņŮ�
���Ǖ��ňņŇŎŚĨ�

���Ǖ�ǔ�������������Ǖ��\�!������
�������Ǖ
���
������Ǖ
���
�ňņŇŉ���������Ǖǔ�����
�����
�������
�����������
��

����������Ǖ���������������Ǖ���Ǖ��3�Ǖ��ǔ
Ǖ�řŇō�ǔǕ���Ś�������Ǖ���
����
��ŶňņņĨņņņŮǔǕ�������ŶŎŋŮ�

���
���Ǖ��

�����������������������Ǖ����\���Ǖ��
�Ǖ����������Ǖ��������
ǔ�ňņŇŉŕňņŇŎ������
�����
��������������Ǖ���řǕ\�\��
��

proposed budgets) by TNC Maui. Recent expenditures were notably higher than in the past, due largely to 

�����
�������Ǖ
������ǔ����
����ŉĨŎňŇ�������
�� ����$��Ǖ����Ǖ���Ǖ
��(
\����\�ř $�Ś�����������������
�����ŋĨňŉņŕ

�����3�Ǖ��ǔ
Ǖ�.�������\�1�Ǖ��Ǖ�����������
��������
�������
�������Ǖ
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����ŉŕǔǕ���������ř�ŶňņņĨņņņŮǔǕ��Ś�

�
����������
����Ǖ
���
����� $�����Ǖ�Ǖ
�\�%ǎ���Ǖ�Ų��Ǖ��������������Ǖ�������
�ňņŇŎ��
�����Ĩ�������Ǖǔ����������

����
�Ǖǔ������Ŷňņ\Ň�ǔǕ��Ǖ
�������
�������������������
������������ǔ�����ǔ����Ǖ��3�Ǖ��ǔ
Ǖ\
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����������������Ǖ����
Ǖ����
��
���
���ű����������Ǖ
��Ĩ�Ǖ��Ǖ��Ǖǔ�
�������
�

Ǖ������������������Ǖ������Ǖ��
������������������
������Ǖǔ���\������
��������������
��
��������������
�ǔ������

the watershed in previous years, the proportion of native to invaded forest in Waikamoi would likely be much 
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�����Ǖ��ňņŇŎ��
�����Ĩ��Ǖ���������Ǖ���Ǖ��ňņŇŉŕňņŇŋĨ��������������
�����ű�����
�������
�Ǖ������Ǖ�������
�Ǖ��Ǖ�������

 $�����Ǖ�Ǖ
�\� �����Ǖ�������ǎ����������Ǖ�Ǖ
����ǔ�Ǖ�����Ǖ�������������ŕňņŇŉ�������Ĩ��
���Ǖ�������
�Ǖǔ������

ŶŎŎŋĨņņņ�Ǖ��ňņŇŎ\�+�������������Ǖ�����������
���������Ǖ����
�������
�����������Ǖ
��ňņŇŋŕňņŇŎĨ������������

cost of maintaining the current level of management over the next 100 years may be more in line with the 

��������
�����������Ǖ
��ŇōōŋŕňņŇŎ\�����������ǔ�������ǔ�Ǖ���Ǖ�Ǖ���������������������
����Ǖ��3�Ǖ��ǔ
Ǖ��
����

�
���
����������ŶŌŎōĨŌŉņ����������
�������������Ňņņ������Ĩ������
����.,��
���
������������ǔ�����ǔ����Ǖ��ŶŊŇ\Ŋ�

million.

5.3 COMPARISON OF BENEFITS AND COSTS

1���������������������ř-.,ŚĨ�ǔ����������������ǕŰ�������
�������.,�
���ű���řŶŌņ\ŋ�ǔǕ��Ǖ
�Ś�����.,��
����

řŶŊŇ\Ŋ�ǔǕ��Ǖ
�ŚĨ�
��1-(�ǔ�����ǔ����Ǖ��3�Ǖ��ǔ
Ǖ�Ǖ��ŶŇō\Ň�ǔǕ��Ǖ
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�Ǖ�Ǖ���-.,���������������������������
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achieve the same outcome, then the one with the highest BCR is typically preferred. The return on investment 
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costs, is 52 years. 
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surrounding historical expenditures, given that estimates for many years were based on budgets rather than 
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time and will continue to exceed costs beyond the 100-year horizon. Moreover, the estimate of present value 
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6. ESTIMATED SEDIMENT RETENTION BENEFITS IN BIOPHYSICAL TERMS
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����������Ǖ���ř��������Cellana sp.) that rely on clean 
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All soil that is eroded does not necessarily make it to surface water systems and out to the coast – some 

sediments are entrained on the landscape because of topography, distance to stream or understory that creates 
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of these 50 watersheds are Wailuanui, Pi‘ina‘au, Honomanu, Wailuaiki and Kailua. 

6.1 SEDIMENT MODELING METHODS
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6.2 SEDIMENT MODELING RESULTS

Based on modeling results, without conservation, sediment export would increase from 1,540 tons per year 
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Waikamoi watershed which is most directly related to implications for water treatment2. While changes in 
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water quality threshold, however, beyond which Maui DWS would shut down the treatment plants and increase potable water 
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Land cover usle_c usle_p Percent cover

Hawai‘i Montane Rainforest 0.003 1 75% (F); 95% (G)

Hawai‘i Introduced Deciduous Shrubland 0.012 1 75% (S); 80% (G)

Developed Open Space 0.03 1

Barren 0.001 1

Hawai‘i Introduced Dry Forest 0.17 1 75% (F); 20% (G)

Agriculture 0.12 1

Hawai‘i Introduced Wet-Mesic Forest 0.014 1 75% (F); 80%(W)

Hawai‘i Lowland Rainforest 0.003 1 70% (F); 95% (G)

Hawai‘i Introduced Perennial Grassland 0.032 1 75% (G); 40% (G)

7DEOH����&�IDFWRUV�XVHG�LQ�WKLV�VWXG\��)RU�SHUFHQW�FRYHU��WKH�´UVW�YDOXH�LV�WKH�SULPDU\�FDQRS\�FRYHU�
(forest, shrub or grass), the second is an estimate of the understory cover as either grass (G) or 
broad-leafed herbaceous plants (W) (National Engineering Handbook Table 3-2). All numbers come 
from NRCS (1983), with the exception of agriculture, which comes from Kassam (1992).
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Figure 6. Sediment export by pixel under current land cover (Year 2017; top) and without 
conservation (Year 2072; bottom) in the Waikamoi preserve.
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Figure 7. Sediment export from Waikamoi Preserve in 2017 and potential increase in sediment 
export in the absence of conservation activities. The difference in sediment export between 2045 
DQG������DQG�EHWZHHQ������DQG������UHSUHVHQWV�WKH�DYRLGHG�VHGLPHQW�H[SRUW�EHQH´W�SURYLGHG�E\�
conservation. For the Waikamoi Preserve, sediment export is predicted to increase by 2.8 times the 
current annual estimate.

Figure 8. East Maui sediment export in 2017 in tons per year including the 50 watersheds that 
intersect with Waikamoi preserve.
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Table 5. Estimated sediment export by watershed for current land cover (2017), partial conversion 
�������DQG�IXOO�FRQYHUVLRQ��������WR�QRQ�QDWLYH�IRUHVW��3HUFHQW�FKDQJH�UHµHFWV�WKH�LQFUHDVH�LQ�
sediment export for the full watershed between 2017 and 2072.

Watershed Name 2017 2045 2072 Area (km2) % Change

W. Wailuaiki 815 927 1250 10.84 53%

Wailuanui 883 956 1324 15.41 50%

E. Wailuaiki 585 632 849 9.86 45%

Piinaau 5872 6024 8403 53.52 43%

Honomanu 2913 2974 3953 16.83 36%

Kolea 64 84 84 0.49 33%

Haipuaena 291 330 391 4.25 31%

Kailua 828 881 1049 12.58 27%

Wahinepee 962 1035 1155 14.15 20%

Waikamoi 320 379 379 1.82 18%

Oopuola 862 1014 1014 3.32 18%

Kapaula 364 415 415 2.24 14%

Waiaaka 141 155 155 0.53 10%

Puehu 249 273 273 0.97 10%
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