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Problem and Research Objectives

The problem of groundwater management has been studied widely in the literature. However, all of the
previous studies limit their attention to the single aquifer case. In many places, water can be extracted from
more than one source to supply the demand. For example, the Honolulu Board of Water Supply (HBWS)
currently extracts from both the Pearl Harbor and Honolulu aquifers, pumping the resource into an
interconnected pipeline serving the Pearl Harbor and Honolulu water districts. HBWS imports water extracted
from the Pearl Harbor aquifer to meet Honolulu demand. This calls for a single model integrating extraction,
distribution, and consumption from the two sources. This model will provide an analysis of a situation much
closer to that actually observed in HBWS practices. Particularly, we aim to analyze the principle of optimal
water use when water can be extracted from two sources. We also discuss various possible extraction schemes.

Methodology

First, we develop a model integrating extraction, distribution, and consumption from the two water
sources. Specifically, a social planner chooses the amount of water extracted from the two different aquifers and
the amount of desalinated water used in order to maximize the present value of net social benefit  (i.e., the
benefit from water consumption minus the costs of extracting and distributing the water). The problem is then
solved by dynamic optimization. Phase-diagrams and time paths of aquifer head and water price for the
different scenarios are analyzed and discussed.

By extending the Pitafi-Roumasset Honolulu study to the water districts served by the Pearl Harbor
aquifer we were able to study optimal water extraction over space and time. When the aquifers are managed
separately, the Honolulu efficiency price increases more quickly than the Pearl Harbor price, implying that
water needs to be increasingly transferred to Honolulu. This results in the Honolulu price rising more slowly
and reaching the desalination steady-state at a later time than without said transfers. Alternative pricing schemes
are also compared.

Principal Findings and Significance

From the developed model, we find that, in the optimal solution:

1. Both aquifer swill be used and built up if both have lower head levels than their steady states.
2. Both aquifers will be depleted if their heads are higher than their steady states. However, if one aquifer

requires a higher initial price than the other, it is optimal to extract water from only one aquifer, leaving the
other to build up.

3. If one aquifer head is lower than its steady state, it is optimal not to use that aquifer but to let the head build
up. The water is extracted only from the other aquifer in this case. If the building head reaches its steady
state while the depleting one does not, the building one can go higher and then be depleted.

4. If an alternate source is available at a cost no more than the steady-state price that would prevail without it,
the alternate source will be used in steady state.

5. If an alternate source is available at a cost higher than the steady state price that would prevail without it,
the alternate will not be used in steady state. If both aquifer heads are initially lower than their steady states,
both will not be used at the beginning. The alternate will be used in the beginning period, leading to the
case of so-called “frontstop.”

6. Marginal cost pricing is feasible when block-pricing schemes are used for natural monopoly goods.
Switching to marginal cost pricing is a more effective way to increase revenues and conservation than
standard price increases. Users at different elevations face different distribution costs, therefore a pricing
scheme which does not take this disparity into account effectively cross-subsidizes residents at higher
elevations facing higher user costs but not required to pay the difference.

7. Preliminary analysis suggests that welfare gains for integrated management of the two aquifers, relative to
the status quo, are somewhat larger, even in percentage terms, than efficient, but separate, management of
single districts. The use of desalination in the Honolulu district was delayed as much as 20 years in the
integrated management scenario relative to status quo management.



8. When the Honolulu and Pearl Harbor aquifer models are run separately, there is a greater spatial effect in
the Honolulu case. Moving from separate optimization to integrated optimization increases the tendency to
import water into Honolulu. Thus, moving from status quo management to the integrated, optimized
solution causes two offsetting effects. On the one hand, charging high-elevation Honolulu customers the
full marginal cost reduces the need to import water from the Pearl Harbor aquifer. On the other hand, the
more slowly increasing Pearl Harbor efficiency price increases the tendency toward Honolulu imports.
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