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Abstract

At the current time, Hawai'i lacks an established set of bermghmstimates on the
availability of food for market consumption and its supply sources. Tisrz@rves to fill
persistent gap in the existing literature by providing an esbmdtamework to map the
existing food supply flows from various sources and to determine trmusdevels of food
consumption in Hawai‘i. The authors suggest modified measures of fliaifieiency and
import dependency to provide a more accurate assessment on titeoéxoed localization
in Hawai'i. The analytical framework presented in this paperbeaapplied to other small,
open (island or regional) economies with a food localization agendapesvides a morge
discrete and appropriate set of measurements, as well as@tiee lessons gained through
Hawai‘i's experience and challenges in the data-collating process.

Local production and imports (continental United States and foreign ms)ntof
consumable food in Hawai‘i are estimated at just over 1.14 millionesmn 2010. Food
exports totaled 175.5 thousand tonnes, leaving total available food famgotisn locally a
966.6 thousand tonnes. Onda factobasis, per capita food consumption in Hawali| is
estimated at 657.9 kilograms in 2010. At the food group level, freshaldgetead with pe
capita food consumption of 84.2 kilograms, followed by other proteir@® 4t kilograms,
fresh fruits at 67.7 kilograms, fresh milk at 62.9 kilograms, and rice at 27.9 kilagrams

=

The analysis indicates that Hawai‘i has an overall foodss#ffeiency ratio (SSR) of 15.7%
and an overall food import dependency ratio (IDR) of 102.5%. While it appears
counterintuitive that the IDR exceeds 100%, this figure actuallycatels the existence [of
food imports into Hawai'‘i that are then turned around and re-exportti¢o markets. With
application of the more accurate localization ratio (LR), wemede that only 11.6% of
available food for consumption in Hawai‘i was actually sourceenfiocal production i
2010. Likewise, the modified import dependency ratio (MIDR) indicatetsaheaestimateg
88.4% of available food in Hawai‘i was sourced from imports.

—
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localization, Import dependency



Background

In the aftermath of th&reat Recessioaf 2007—-2009, public concern, interest, and debate on
food security and food self-sufficiency has intensified in Hawad elsewhere in the United
States. This concern is real and understandable, considering Haged'graphic isolation in
the Central Pacific Ocean, looming threats of global warmimy@dimate change, and the
2008 food crisis which showed serious vulnerabilities in the global foddnsy$lawai‘i’s
supply of food, as it presently exists, is vulnerable to disruptionsdnshipping chain,
production fluctuations in the continental United States, severe weetnéitions, and
sudden spikes in the prices of food products, as well as highes foideel, feed, fertilizers,
and other agricultural “inputs.” During the 2008 food crisis, the surdeoith price inflation
worldwide was caused primarily by rising oil prices, depregyat).S. dollar, increasing
demand for biofuels, and export restrictions imposed by leading food pngdcoountries
(Heady and Fan 2008). In some quarters, there is a genuine dedissdciate local food
prices from the rising global oil price.

In order to start a meaningful discussion on food security or fdbdwgéciency in Hawai'i,

we must have a reasonably good assessment of the consumptioof [&ned groups, the
characteristics of food consumed, and its origins or supply source93mHLH. Warner,
then Director of the Agricultural Extension Service, TerritofyHawai‘i, wrote on the
character and variety of foods consumed by people on the Islandieskigbed the unique
situation in Hawai'i: “Probably nowhere else in the world is therde found a group of
similar racial proportions with as distinctly varied diet hahigslated from a large part of
their natural food supply?"While changing diets have evolved since then, including creation
of Euro-Asian cuisine, and the Hawai‘i Regional Cuisine movementn&va insightful
comment is still valid and relevant today.

At the current time, Hawai'i lacks an established set of bermghmstimates on the
availability of food for market consumption and its supply sources. gdper serves to fill
that persistent gap in the existing literature and proposes tenpragailable facts and a
logical empirical methodology to establish definitive estimatesvarious food groups
consumed from local and import sources. Hence, the two primary ebgati this paper are
as follows: (1) map existing food supply flows and to determine theuslevels of food
consumption in Hawai‘i; and (2) suggest modified measures of foodsdéilfiency and
import dependency to provide a more accurate assessment on titeoéxo@d localization
in Hawati'i.

The amount of food consumed in Hawai‘i that is sourced from impertsot readily
available. This deficiency is due to the difficulties in recongilihe various data sources on
food imports and food expenditures. For example, interstate tradedfibav are rather
rudimentary, unlike customs data on foreign imports, which are fdidgggregated. The
problem is further complicated by the conversion of data consistéotly the various
sources to a common baseline in the supply chain (Leung and Loke 2008).

Despite these challenges, various local studies have been condudiatky Mountain
Institute study estimated the import share of food in the Countiawfai‘i at 85% (Page et
al. 2007). Likewise, popular food system analyst, Ken Meter, gstihthat more than 90%
of Hawai‘i food is imported (Halweil 2004). Later, the Ulupono Initiatestimated that
Hawai‘i consumers spend only 8% of their food budget on locally grown fatde



spending the rest on imports (Ulupono Initiative 2011). Then, the Univefsidawai‘i at
Hilo produced a Hawai'i Island food self-sufficiency scorecard ¢éséimated the percentage
of locally produced food consumed by commodity group, ranging from O%rdors to 95%
for fresh milk (Melrose and Delparte 2012).Recently, the statelg office, in a report on
“increased food security and food self-sufficiency strategy” chobat 85-90% of Hawai'i
food is imported (OP-DBEDT 2012). These estimates have been weitely despite
lingering questions about and critiquesof their methodologies andagstl parameters. In
comparison, the food self-sufficiency measure for the New Bdgiiates is estimated at
27% in 1997 (Holm et al. 2000).

Methods

Data requirements and food groups

The apparent consumption or total supply of food availability in Hawsatiefined as local
food production plus food imports (continental United States and foreign es)r&ss food
exports (continental United States and foreign countries). Likewer capita food supply is
assumed to be identical to per capita food consumption in the loda¢tmal metrics and
statistics in this paper refer to food available for human consumptigroduct weight
(kilograms). While there are alternate unit measures, suttreasollar value, calorie value,
and nutritional value, we nevertheless invokedcam’s razorby utilizing the weight
measure to keep the overall analysis as simple as possitheut distorting reality or
sacrificing accuracy. The measure of food self-sufficignagollar value could contribute to
unintended results that are counterintuitive to the overall concefit Beyond this, one
pound of prime beef steak is clearly worth more in dollar value,iealatue, and nutritional
value than one pound of rice. Higher-quality products also cost monenetary value for
the same weight measure. For example, a pound of beef steak WHDA Primelabel will
cost more than a pound of beef steak lab&l&DA Choiceor USDA SelectAnd finally,
most waterborne shipping data are published in weight measures, magig the obvious
choice in the data collating process.

We emphasize that it is not the use of calorie value and nutritioe & inappropriate or
unsophisticated; it is that the adoption of calorie and nutrition measuag differentiate
food commodities unnecessarily, and adds levels of complexity toniire estimating
process. For example, equivalent weight measures of freshagsparfrozen asparagus,
cooked asparagus, and canned asparagus will have varying levelgrad aad nutrition.
The same argument can be made for the different varietiepariagsis (white, green, purple,
and wild). Furthermore, other researchers have argued that wheérbow the produce is
grown (in fertile versus arid lands; using various cultivation pres), processed,
transported, stored, and prepared will influence calorie and nutrition values.

This paper adopts the five major food groups — dairy, grains, proteits, fand vegetables,
as defined in the USDA My Plate concept (see Figure 1). Henvélve aggregate estimate
for overall food consumption in Hawai‘i includes one additional resithad group, which
includes oils and fats, sweeteners, and others less discernibleuiogaups. No beverage
products(e.g., soft drinks, liquor, coffee, tea and water) are irttluflee consumption
estimates of food groups for the entire state of Hawai‘i (not by countiaadjsare presented
in total consumption and per capita consumption in weight measure. if@atesper capita
consumption, the total weight estimate is divided bydédactopopulation in Hawai‘i as of



2010, which takes into account, residents, stationed military persorthelependents, and
tourists visiting in the state.

Figure 1 My Plate Illustration of Primary Food Groups

Given the amount of available food in total and the components sourced dicah |
production and imports, we can estimate the extent of total avaitaddehat is satisfied by
local production and by imports. Two measures commonly used in thmgirature are
the self-sufficiency ratio (SSR) and the import dependency (HDiR). The Food and
Agricultural Organization of the United Nations (FAO) definefRR3S the share of domestic
production in relation to domestic food utilization, excluding stock cbsingnd IDR as the
share of imports in relation to domestic food utilization, excludimgksichanges (FAO
2001).

Several studies have utilized the SSR to analyze the stuathanges of regional
agricultural and food sectors. In Southeast Asia, SSRs on threercedggereals, food, and
agriculture) were employed to document the results of agriculfpmlity changes in
Malaysia and Thailand during the 1970s and 1980s (Fitzpatrick 199 Enttadly, all three
categories measured were variants of domestic commodity prodwltimed by total
domestic consumption. Malaysia saw its self-sufficiency in faocteasing and self-
sufficiency in cereal declining following policies to diversify food base and displacing rice
production. On the other hand, Thailand consolidated its position as a ncaj@xporter
within a free market framework and attained higher SSRs in all three Gatego

Kako (2009) defined the SSR on a calorie basis as the ratio ofiecakpply from
domestically produced food to the total calorie supply from all facal country. The author
found Japan’s food self-sufficiency (calorie basis) decreased gHeopt 79% in 1960 to
40% in 2005. The finding was attributed to a sharp appreciation of the iNerease
purchasing power of food imports) and drastic changes in the diet of Japanese consumers

Alternately, the SSR on a value basis is calculated as the poopoiiconsumer demand that
met by local production in terms of household food expenditures and &envgue (Holm,
Rogers, and Lass 2000; DEFRA 2008). The former study found the overallséied
sufficiency level unchanged at 27% in New England in both 1975 and 198 the latter
study found self-sufficiency for all food in the United Kingdom desedafrom 76% in 1995
to 61% in 2008. Additionally, an earlier DEFRA study pointed out that shre&SR for the
United Kingdom was calculated by market value, not by produg@hwveir calorific content,

it was prone to distortion, given the volatility of market priaesl currency exchange rates
during that time period analyzed (DEFRA 2006).

In a study of food self-sufficiency and the green revolution in IndeaJ&nvry and Sadoulet
(1991) utilized the IDR (weight basis), instead of the traditios®.SThe authors found that
self-sufficiency levels for wheat, rice and coarse grainseaszd following the green
revolution in India but without improving the nutrition requirement of its paih. Kendall

and Petracco (2006) defined the weighted food IDR (WIDR) as @he of imports to
consumption in product weight for various countries in the Caribbean Basin. They found food
import dependency for countries in that region (1990 to 2000) could be dividethie&
categories: low (WIDR<30%); medium (30%>WIDR<50%); and high (WIDR>50%).



Another study on the assessment of food sustainability in Israeldpcbvan insightful
discussion on the computed IDR measure that exceeded 100% (Gordon 2@1ayutfdr
concluded that this result arises whenever exports are depemdemports or when a certain
component of an export product is imported. A relevant example hdre export of jams,
which is dependent on the import of raw sugar as an ingredient. In 2008, IsraelddDétde
for the following commodities -- chicken and turkey (0.1%), beef (66f4),(85%), bread
and cereals (102%) and sweets (160%).

Both the SSR and IDR are measurable for individual food groups and aggtegoups or
total. In general, we can define SSR and IDR as follows:

P
P+M-X

SSR =
IDR =

-100%(Equationl)
- 100%(EquationlI)

P+M-X

whereP = local production of foodyl = food imports; an& = food exports.

However, as shown in a later section, both measures need to beenhadiforder to
accurately assess the extent of total food available thatis$ied by local production and by
imports.

Data components and sources

In order to assess and provide a systematic estimate of foddbérdor consumption in
Hawali'i, it is necessary to first define, establish, and nreashe various flows in the food
supply chain. Various product flows from different sources of origistrbe identified and
measured at both disaggregated and aggregated levels and then groupedatgipnopoi a

food supply matrix. Figure 2 provides a simplified illustration of ghynamic flow and food
supply chain construction.

Figure 2 Hawai‘i's Food Availability Data Construction Chart

Available food from local production and imports (different group, form, amgindrare
aggregated and netted out for exports (continental United Stadefoieign countries) to
arrive at the total food supply available for consumption in Hawalili. the necessary
information is drawn from a variety of data sources, includingrégédand state government
agencies, non-government organizations, educational institutions, cargarsc§personal
communication), wholesalers (personal communication), retailersofpgrcommunication),
industry trade groups, and independent consultants.

In this paper, the three primary sources of commercial food by aniggroduct weight are as
follows: 1) local production data from the U.S. National Agricultusahtistics Service
(NASS 2012); (2) U.S. interstate shipments data from the U.S. &angs of Engineers,
Waterborne Commerce Statistics Center (ACE-WCSC 2012); andr&@pri imports and
exports data from the U.S. Foreign Agricultural Service (FAS 2(H&) capita consumption
statistics are obtained from various sources, including the U.S. EaiResearch Service
(ERS), the U.S. Census Bureau, and various Hawai'‘i state reports.



Results

Food supply analysis

Given Hawai‘i's rapid urbanizatidnin the midst of geographic isolation, residents are
naturally concerned about their overall food supply. Generally, tmstisneasurable until
we can ascertain the group, type, and proportion of food consumedgbatdsed locally and
outside the state. This gives credence to the establishment d¢intsmkcmeasures on the
group (e.g., protein), type (e.g., beef), origin (e.g., continental UStatks), form (e.qg.,
chilled), and quantity (e.g., weight) of food consumed in Hawai'i.

At the highest aggregated level, Figure 3 shows the food supply sourdaeadémand
destination by weight in Hawai‘i, 2010. Local production accounts farljg%o of the total
supply of 1.14 million tonnes of consumable food. A majority of the faaolceng (81%) is
from the continental United States, while the remaining 6%ois fioreign countries. On the
demand side, consumption in the local market accounts for 971 thousand doi@38s of
the total sourced food. Exports to the continental United Statesaitdd&bo, and the residual
1% is shipment to foreign countries.

Figure 3 Food Supply Source and Demand Destination, Hawai‘i 2010

Focusing on local commercial production, fresh fruits account for 3&9%he total,
followed by fresh vegetables at 26% and protein at 24.7%. Figure 4 shows this dhsifiyut
weight of the various food groups. Fresh milk accounts for 7.6% of the watde no
commercial grain production is available.

Figure 4 Distribution of Local Production by Select Food Group, Hawai'‘i 2010

The definition of “food” applied here includes all groups (proteins,drwegetables, grains,
and dairy). However, due to the paucity of data as encountered in gheotlattion process,
it was necessary to modify the food groups and to focus strictlyesh &nd chilled forms of
food products. Hence, food products in other forms (frozen, canned, driedwete.)
aggregated into the residual food group “Others.”

Table 1 presents the total food supply estimates for the loeghitianarket in 2010, broken
down by different food groups. The core food groups include seafood (protein), other
proteins, fresh vegetables, fresh fruits, rice (grain), fresh (@ddky), and others (catch all).
The estimates are expressed in the various source componentgproicaiion, imports, and
exports) and measured by product weight in kilograms. Fresh fngt) egetables, and
other proteins are the three largest food groups sourced fronptodaiction. Other proteins,
fresh vegetables, and fresh milk are the largest import componemsiid, the leading
available food groups in the Hawai‘i market are fresh vegetatillest proteins, fresh fruits,
and fresh milk.



Table 1Hawai'i Total and Per Capita Food Supply, 2010

Loca! Imports Exports
Food group pr(cr)rcllilljlic;‘)tlr:)n (million (million Available food
kilograms) kilograms) kilograms)
Total .
U.S. Foreign U.S. Foreign  (million Fi:er capitat
kilograms) (kilograms)

Protein — seafood 144 1.2 108 1.5 0.3 24.6 16.7
Protein — others 23.197.4 5.3 23.9 0.5 101.5 69.1
Vegetables —
fresh 39.5 83.9 25 2.2 0.0 123.7 84.2
Fruits — fresh 59.0 58.1 24 19.8 1.9 97.8 67.7
Grain —rice 0.0 47.0 33 9.2 0.0 41.0 27.9
Milk — fresh 11.4 80.9 0.0 0.0 0.0 92.4 62.9
Others 4.2558.0 39.5 110.3 5.9 485.6 296.1
Total® 151.7 926.7 63.8 166.9 8.6 966.6 657.9

Notes Primary sources: NASS (2012) Hawai'i statistics. U.S. Depemt of Agriculture,
National Agricultural Statistics Service; ACE-WCSC (2012)vigation data center —
domestic U.S. waterborne traffic, part 4, 2010; U.S. Army Corps oinEars, Waterborne
Commerce Statistics Center; FAS (2012) Global agriculttrede system (GATS) U.S.
Department of Agriculture, Foreign Agricultural ServiéBased on de facto population of
1.47 million3Subject to rounding errors.

On a per capita food measurement basis, fresh vegetables aghinitlee84.2kilograms,
followed by other proteins at 69.1kilograms, fresh fruits at 67.7kilograrash fmilk at
62.9kilograms, and rice at 27.9kilograms. Overall, we estimate thialdeafood per capita
for Hawai'i at 657.9 kilograms in 2010. With a reported $3.68 billion (2004—2005 shollar
spent on food annually in Hawai'i, this translates into an iwitatidjusted estimate of $4.52
billion% spent on food in 2010. The average cost of food available in the lackétnis
$4.66 per kilogram ($4.5 billion/966.6 thousand tonnes).

Self-sufficiency ratio and import dependency ratio

Figure 5 shows the SSR of defined food groups and the overall dotlllatvai‘i. It shows
that Hawai‘i has an overall food SSR of 15.7%, and that fresh fraits the highest level of
self-sufficiency among the food groups at 60.4%. Seafood protein faollextsat 58.7% and
fresh vegetables at 31.9%. No rice is produced commercially in Hakaally, the SSR of
fresh milk in Hawai‘i stands at 12.4%.

Figure 5 Hawai‘i Food Self-Sufficiency Ratio, 2010

Likewise, Figure 6 shows the IDR of defined food groups and thelbtetal for Hawai'‘i in

2010. Hawai‘i has an overall food IDR of 102.5%, and rice has the hitgvestof import
dependency for a food group, at 122.5%. Other proteins follow next, at 101.3%, and othe
food groups, such as seafood, fresh fruits, fresh vegetables, and filesange from 48.7%

to 87.6%. While the IDR exceeding 100% is intuitively confusing and appeabe a
measurement error, this is not the case here. Rather, itteslite existence of food imports



into Hawai'‘i that are then turned around and re-exported to other tnatgreport markets,
such as Singapore or Israel, consistently exhibited IDR significamghehthan 100% (Mikic

and Gilbert 2007; Gordon 2011). The measures exceeding 100% are tooretiéce-exports

embedded in the raw data collected from official sources. KHeheg do not accurately
reflect food imports for consumption in Hawai‘i. Likewise, SSR cigarly not the

complement of IDR, as the two figures do not sum to 100%.

Figure 6 Hawai‘i Food Import Dependency Ratio, 2010

A modified set of measurements

In the previous section, the IDR exceeded 100%. It is clear trasureis biased upwards
when re-exports are not accounted for. Likewise, the SSR is hipgeatds when exports are
not accounted for in the defined food groups. Intuitively, the SSR senegebeiter measure
of potential local production to satisfy the net demand or local consumption of fand. T
derive more definitive measures to assessing food self-guftigziand import dependency in
Hawai‘i, we propose to modify the SSR and IDR as follows:

Define Xm = re-exports of food imports; arkp = food exports from local production.

SSR' = £ = 100%(Equationl”)

P+M-Xm-X

—M . 0, i !
Ewy—— 100%(Equationll")

IDR' =
If we take into account the amount of exports from local productioncave redefine
Equation I' as the Localization Ratio (LR):

_ P-Xp . .
LR = YR 100%(EquationlII)

Similarly, we can redefine Equation II' as the Modified Import Depangd&atio (MIDR):

M-Xm .
MIDR = m . 100%(EquatlonIV)

The sum of LR and MIDR (Equation Ill and Equation V) is now 100%:

P-Xp+M-Xm

LR + MIDR = P XKD 100% = 100%(EquationV)

Table 2 shows the SSR, IDR, LR and MIDR of defined food groups fomMew2010. It is
worth noting the LR is lower than the SSR in each food group, efaepte, fresh milk and
others, which remained unchanged, due to the absence of exports fabprémtiction. The
variation between LR and SSR is progressively larger in food gwitpsa higher level of
exports from local production, e.g. fresh fruits. Likewise, the IDRbismsed upwards
compared to the MIDR of equivalent food groups, whenever re-exports ameaoainted for
in the raw dataset. Overall, LR is a more accurate measurine extent of local food
consumption that is sourced from local production, in the absence ofcétaages. The total
LR estimate indicates only 11.6% of available food for consumptiétaimai‘i was sourced
from local production in 2010. Likewise, the MIDR estimate shows 8&#&kailable food
in Hawai‘i was sourced from imports.



Table 2 Food matrix: select food measures for Hawai'‘i, 2010

Group SSR IDR LR MIDR
1 Protein — seafood 58.7% 48.7% 51.3% 48.7%
2 Protein — others 22.7% 101.3% 9.3% 90.7%
3 Vegetables — fresh 31.9% 69.9% 30.1% 69.9%
4  Fruits — fresh 60.4% 61.9% 38.1% 61.9%
5 Grain —rice 0.0% 122.5% 0.0% 100.0%
6 Milk —fresh 12.4% 87.6% 12.4% 87.6%
7 Others 0.9% 123.1% 0.9% 99.1%

Total 15.7% 102.5% 11.6% 88.4%

Sources: Table 1, Hawai'i Total and Per Capita Food Supply, 2010;N2E)(Hawai'i
statistics. U.S. Department of Agriculture, National AgricuktuBdatistics Service; and
personal communication with local wholesalers and industry analysts.

Findings by Major Food Group

1. Seafood protein: Seafood is a significant component in the food diet of residents in
Hawai‘i. On a per capita basis, commercial seafood consumption is estiatdt2.9

kilograms for Hawai‘i, or 1.8 times more than the 7.2 kilograms for the overakdStiates.
This measure increases to 16.7 kilograms when non-commercial (recreataicialis

included. The average equivalent commercial measure for Hawai'‘i in the 1970s was 9.5
kilograms (Hudgins 1980), about 3.4 kilograms less than current per resident seafood
consumption. In general, Hawai‘i consumes more fresh and frozen finfisbmiyfed tuna,

big eye tuna and salmon), whereas the rest of the country consumes more shellfish and
processed seafood (shrimp and canned tuna).

Seafood supplies are sourced primarily from local and foreign imports. Gadlgctocal
landings, aquaculture, and noncommercial catch make up 51% of total availabbtel seaf
supply in Hawai‘i. Foreign imports account for 44%, and imports for the continentalUnite
States fill the remaining 5% (Loke et al. 2012). According to the U.S. Foreigoukgral
Service (FAS), the leading direct foreign sources of seafood imports bigtweage from
Taiwan, Japan, New Zealand, the Philippines, and the Marshall Islands.

2. Other proteins: Products in this group include red meat (beef, veal, pork, and lamb),
poultry (chicken, duck, and turkey), and nuts that are produced locally and imported. In 2010,
net supplies from all sources totaled 101thousand tonnes for this food group. Local
production is 9.3% of total market requirement, and the state is dependent on imports for the
remaining 90.7%, mainly from the continental United States. The Hawai‘i maugpty

level in 2010 is about 37% higher than the 73.9 thousand tonnes in 1980.

Per capita consumption of other proteins (excluding nuts) is estimated at 65.kdpt)€80
lower than the overall United States measure of 78.5 kilograms. This estin2@tE0i is also
4.5% lower than the per capita estimate of 68.9 kilograms in 1980. The trend in per capita
consumption of other proteins (meat) in Hawai‘i’ appears declining slowlytowe as
consumers switch to healthier, alternate substitutes.

When commercial seafood protein is combined with other proteins (excluding nuts), the
combined per capita consumption is 79.1 kilograms in Hawai'‘i, only 8% lower than the
overall United States measure of 85.7 kilograms. This combined estimate in 2010 is
marginally lower (0.9%) compared to the per capita estimate of 78.4 kilegnat®80.

3. Fresh Vegetables: Products in this group include leafy and non-leafy greeetscarn,
tubers (ginger root, potatoes, and taro), and specialty greens that are both gatiwaraolc
imported. Net fresh vegetable supplies from all sources totaled 124thousand tonnes in 2010.



Local production is 30% of total market requirement, and the state is dependent on imports
for the remaining 70%, mainly from the continental United States. The maggy sn 2010

is about 56% higher than the 79.4thousand tonnes recorded in 1980.

Hawai'‘i per capita consumption of fresh vegetables is estimated at 84.2 kitoigra61.0,
slightly less than the overall United States measure of 84.9 kilograms. lastptitis

estimate is 12% higher than the per capita estimate of 75.3 kilograms in 1980.1dhe risi
trend in per capita consumption of fresh vegetables is likely to continue over tm@eas
residents strive to consume the recommended five serving of fresh fruits atablege
(FFVs) on a daily basis to increase fiber intake and to realize a hedl#étien their personal
lives.

4. Fresh Fruits: Products in this group include tropical fruits grown locally (bs\nguiavas,
papayas, pineapples, watermelons, etc.) and imported fruits (apples, citajdbéruies,

stone fruits, etc.). Net fresh fruit supplies from all sources totaled 98thousand to80&8§.i
Local production is 38% of total market requirement, and the state is dependent on imports
for the remaining 62%, mainly from the continental United States. The magysn 2010

is about 1.9 times the equivalent measure of 33.6thousand tonnes recorded in 1980.

It is worth noting that 37% of Hawai‘i's estimated fruit production of 59thousand tannes
2010 is exported. Should we choose to redirect fresh fruit exports to the local market, we
could satisfy 60% of total consumption requirement.

The per capita consumption of fresh fruits is estimated at 67.7 kilograms, mgodeigttelr
(17%) compared to the overall United States measure of 58 kilograms. Thigegti2@10

is close to double the per capita estimate of 35 kilograms recorded in 1980. Rirfidah
vegetables, the rising trend in per capita consumption of fresh fruits is likebntinue over
time as more residents strive to consume five serving of fresh fruits andbleg€E-Vs)

each day. Additionally, the rapid growth of tourism in Hawai‘i since 1980 has itateds

the increased provision of non-tropical fruits that satisfy the taste predsreheisitors. In

that same time period, the average number of visitors present per day in Hawagsatc
85%, from 96,406 visitors in 1980 to 177,949 visitors in 2010

5. Fresh Milk: As recently as the early 1980s, Hawai‘i produced all fresh milly) daat

was consumed in the state. This was a startling achievement, considering onlyriz4k¥o
supply was sourced locally in the 1930s. Since then, a host of less favorable economic
circumstances has turned against the industry, wiping out all commercialatais/on the
island of Oahu, and leaving only two on the island of Hawai‘i. In 2010, local production
supplied 12.4% of total fresh milk available in the local market. In other words, Hawvai*
87.6% dependent on fresh milk imports from outside sources (continental United States).
In 2010, per capita consumption of fresh milk in Hawai'‘i is estimated at 62.9 kilogféiss

is significantly lower than the per capita overall United States consumption of 92.4
kilograms. In 1980, the same measure for Hawai‘i was 74 kilograms, again lanehe
comparable national measure then of 111.4 kilograms. The proportion of per capita fresh
milk consumption between Hawai‘i and the United States was 0.68 in 2010 and 0.665 in
1980. This difference between Hawai‘i and the national measure is historical, and due
large part to the population mix in Hawai‘i. There is a proportionately large population of
residents of Asian descent, many of whom are lactose intolerant, whiclbategrio a lower
propensity to consume fresh milk.

6. Rice: In the conclusion of his 1937 publication, H.H. Warner identified rice astle si
most important food item that Hawai‘i imports from the outside world. During thitdoier
history, the Territory of Hawai‘i produced only 4.1% of its total rice requirgpand was
increasingly threatened by lower cost, mechanized producers in Califenieapita
consumption of rice in Hawai‘i then was reportedly 40 times higher than in thed Btiates.
Today, there is no known commercial production of rice in Hawai‘i. We are totgdgndent



on imports, particularly from the continental United States. About 6% of the total
requirement is foreign imports, mainly specialty rice from Thailand. Gwe, per capita
consumption of rice in Hawai‘i declined to an estimated 27.9 kilograms in 2010 from 34.3
kilograms in the mid-1970sThis measure is now only three times more than the 9.6
kilograms per capita consumption in the overall United States.

Discussion

On a per capita basis, Hawai‘i consumes more fresh fruits,anteseafood as compared to
average consumers in the United States. In contrast, residentsvaiiH@nsume less than
average United States’ residents in food groups such as freshled ohdats, fresh milk, and
fresh vegetables (marginally less in the latter groujg.dtausible that lower consumption of
fresh or chilled meats is offset by a higher consumption of choneprocessed meats.
Anecdotal evidence suggests SPAM®(luncheon meat) is a localtégvand Hawai‘i has
been cited often as the SPAM® capital of the world for its highcagita consumption.
Fresh milk consumption has been historically lower as many residents atgdhedmmunity
avoid lactose in dairy milk.

With the 2010 measures currently available, it becomes possible fpaooitne extent of

local consumption arising from local production over time (historioalysis). One of the
earliest and best documented studies on food sourcing in Hawali‘i amalsiated by the
Agricultural Extension Service, University of Hawai‘i in 1937. Tkisdy was conducted

with the primary objective of documenting the effects of the Hawmaritime strike on food

supply in 1936-1937. It found the overall food consumption sourced locally in Haveai'i
37.1% as measured by product weight between January 1934 to October 1936. The
corresponding available food per capita then was 518.3 kilograms, somleg&fthan the
comparable 2010 per capita estimate of 657.9 kilograms.

Likewise, a state Department of Agriculture planning docunfeptovided equivalent
measures for some commodity food groups in 1980.Figure 7 presestsrachl comparison

of the proportion of food sourced locally by core food groups in Hawaili934—-36, 1980,
and 2010. Ironically, all years reviewed were preceded by a peritmnoftuous economic
downturn in the United States. The period, 1934-36, marked the official rgdoltewing

the Great Depressiorn{August 1929 to March 1933); the first seven months of 1980 saw
enduring an Organization of Petroleum Exporting Countries (OPEC) indwmsssion
(January 1980 to July 1980); and 2010 marked the economic recovery irethea#tit of the
Great RecessiofDecember 2007 to June 2089).

Figure 7 Proportion of Hawai'i Food Sourced Locally’, 1934-36, 1980, and 2010

While the proportion of overall food sourced locally declined precipitofrsiyn 37.1% in
1934-36 to 11.6% in 2010, falling 25.5% during the intervening 74-year period, the
reductions in corresponding core food groups were generally, lessatdramhe two
exceptions noted were other proteins and fresh vegetables which droppedn853860%
respectively. In sharp contrast to the prevailing trend, seafood dolacaly increased by
2.2% in that same time period.



Lessons learned

As public discourse on available food for consumption and local production canimue
Hawali'i, it becomes apparent that state benchmark estimatesequired to track market
requirements and their supply sources. Food import measures aredhbt agailable and
this paper is intended to fill that gap by providing a more infornsséssment of the market
place by bringing together information from published data sourcesistry technical
reports, and informed industry sources. While the goal is stréogivard, the technical
efforts required to benchmark the estimates from diverging esurtto a meaningful
common denominator are far more challenging. The discussion belanesubme of the
technical difficulties encountered in this benchmarking effort.

Figure 2 illustrates the blueprint for constructing the food consom@nd supply chain
flows in Hawai‘i. With the methodology established, we proceede@fioe food groups and
sub-groups; select food products for inclusion; and to collate relevantiaion from core
datasets (local production, imports, and exports). The separate pexezhd related
technical difficulties encountered are expressed as follows:

1. Classification: The initial step is to establish food groups and then brealkniocieer
subgroups whenever possible. Ideally, the groups selected should be defined inchblappl
datasets relating to local production, as well as imports and exports (doamestareign). A
crucial step here is to determine the level of aggregation or disaggregataa giroducts.

An equally important step is to determine the food products to be included or excluded. In
this paper, we adopted the major food groups as outlined in the U.S. Department of
Agriculture (USDA) My Plate concept — dairy, grains, protein, fruits, and vegstéfitpure

1). Subgroups are also designated, such as for protein — seafood, beef, veal, porkatgher me
and nuts; and fruits — fresh, frozen, dried and prepared. To facilitate meaningfulicompa
with other established metrics, we excluded beverages (coffee, teg,matezxtracts, wine,
spirits, liqueur, beer, etc.), seeds and spores, and live animals.

2. Standardization: Once classification is complete, the task of compilinggatiggeand
converting the many food products with different unit measures into a common uniteneasur
begins. Various databases and data sources utilize different measuring meiticaf

databases such as NASS, adopt measuring units ranging from pounds, short tons, gallons, and
actual units (number of eggs or heads of cattle). At the local production levelatker

various product settings such as harvested, utilized, processed or dresseatidntdr
databases (foreign imports and exports) adopt the metric system and resoiresieanging

from kilograms, metric tons (tonnes), liters, kiloliters, and actual units.

Furthermore, the conversion of volume measure to weight measure, for instalieekio
pounds or gallons to kilograms, requires knowledge of the specific liquid’s density. For
example, one liter of water (at 4 degrees Celsius) is about one kilogram andstmaeout

2.2 pounds, whereas one liter of olive oil is about 0.92 kilogram and converts to about 2.02
pounds.Finally, it is important to convert the measurement of food items to their most
consumable form. For example, livestock products are defined in dressed weight asl oppos
to live weight and seafood is defined in edible weights as opposed to product weight, Overal
this procedure can be competently accomplished with more resources, partiauta

relevant datasets.

3. Reconfiguration: When specific items from various datasets or datasaueagot

available or not clearly delineated, it is necessary to reconfigure tiadlyrdefined food

groups and subgroups. In this study, we were not able to differentiate canned, dried or
processed, fruits and vegetables. Hence, we reconfigured fruits and vedgetéiglls fruits



and fresh vegetables. The same challenge confronts grains and dairy. Hendefiwede
them to rice (grains) and fresh milk (dairy). All the undifferentiated preduete aggregated
into the residual (catch all) food group “Others.” By reconfiguring the food
groups/subgroups, we are able to provide meaningful comparative metrics to thie overa
benchmarking process.

4. Validation: This crucial procedure assesses how significant and releeasirious
compiled statistics and estimates are in the various food groups. The ratiamdlity a
consistency tests within and across time frames are important to estapiishvalidity of

the information presented. Various challenges that lurk around the corner include double
counting and benchmarking against inappropriate/misleading industry metrics,ngcludi
metrics that are ill defined.

Double counting is a real hazard when reconfiguring the various foodgroups/subgroups,
redistributing the weight measure of various food products, and in measuring @docess
(value-added) products. The same challenge is encountered when aggregatimgnoeitt
(export) volumes from various island ports. Summing up volumes from each island port will
lead to double counting since a large volume of exports are shipped to Honolulu before being
shipped to the continental United States. Secondly, out-shipment from Honolulu, can also
imply in-shipment to neighbor island ports.

Inappropriate/misleading industry metrics can arise when specific locahodity measures
are estimated by utilizing per capita national measures (as opposed twv kia#t) as

proxies. This practice skews the estimate of total commodity production eomayt$ true
value. The unique composition of Hawai‘i's population does not always lends itselfiliar sim
consumption patterns of residents in other American states. We have estabhsiiaai‘i
residents consume more seafood (1.8 times),more rice (3 times) but less Fkgd3mi

times) when compared to all United States residents on a per capita ba#is.dfiha
comparable measures with similar definitions should be utilized for validaimyated
measures. In this paper, we included nuts in the protein food group and this food item is
retracted when comparing red meat and poultry, the standard for defining probein at
national level by USDA.

While we make estimates at different levels, it is assuthe databases or data sources are
credible and reasonably accurate, at least at the higheeg@aden) level. Hence estimates at
the higher level are more robust than those at the lower (deggeggd) level. Plainly, the
sum of all food groups across each dataset or data source isongiete than the sum of
food subgroups or products that may be missing in one or more dataset or data source.

Conclusions

This paper establishes a set of benchmark estimates on foodblavaitea market
consumption and its supply sources in Hawai'‘i. Overall, we estohthe total food available
at 966.6 million kilograms, or a per capita consumption of 657.9 kilograms in E@d€h
vegetables, other proteins, and fresh fruits were the leadiimeddood groups. The vast
majority of this available food is imported from the continentaitétl States (81%), with 6%
from foreign countries.

In assessing the extent of food localization in Hawai‘i, we adopited SSR and its
complementary measure, the IDR. Hawai‘i had an overall food@3RB.7% and an overall
food IDR of 102.5% in 2010. Obviously, the two complementary measures do nojpsiom
100%. This result led us to conclude that SSR was a betteuraeats “potential” local
production to satisfy local market consumption of food in Hawai'i. Likewthe IDR



exceeding 100% indicates the existence of food imports that aréutimexd around and re-
exported to other markets.

To provide a more accurate assessment of food localization, we wayg@s modified

measures of self-sufficiency and import dependency, namelpdthézation ratio (LR) and
the modified import dependency ratio (MIDR). The overall LR edenmraveals that only
11.6% of available food for consumption in Hawai‘i was sourced from jocaduction in

2010. Likewise, the MIDR estimate shows 88.4% of available food in Hamas sourced
from imports. Beyond that, we have also established that the consumpatiemns of some
food groups are quite different for residents in Hawai‘i than forethnghe overall United
States.

As a final point, a historical comparison of total food consumption sugytfest Hawai‘i's

per capita measure increased to 657.9 kilograms in 2010, as compaoedy t618.3
kilograms in 1936. However, Hawai‘i' had a lower proportion of food soutcedlly in
2010, with a localization ratio (LR) of 11.6%; this is much lower garad to the ratio of
37.1% in 1936. Within defined food groups, Hawai‘i had a higher LR in seafnddresh
fruits in 2010 than in 1936. Lower LRs were recorded for the remaining food groups defined.

The analytical framework presented in this paper can be appl®tido small, open (island
or regional) economies with a food localization agenda, as it providesre discrete and
appropriate set of measurements, as well as offering teenlegained through Hawai‘i’'s
experience and challenges in the data-collating process. Addiiotia procedures and
food groups defined are particularly applicable to island economfiesh are less resource
endowed in the production of grains and are far too often neglectedimstream studies on
food self-sufficiency.

With the metrics and benchmark estimates now realized, thengogential implications for
food policy decisions in Hawai‘i. Since the SSR and LR rely on botal lproduction
(supply) and market consumption of food (demand), it may not be optim#hd state to
establish an arbitrary annual target measure for food localzatrirst, agricultural
production fluctuates substantially from year to year, usuallyticned by periods of
drought, rain and floods, and other force majeure events. Likewise, towiraption is
subject to fluctuations over time, usually influenced by changesnsumer preferences and
income. Secondly, it may enhance the state’s welfare to suppocultingation of certain
food groups for which Hawai‘i has a comparative advantage in productidntaste
preference and which are substitutes for products that requirgeavialume of imports. One
clear example is seafood, which can be substituted for other pprtelocts. At a different
level of self-sufficiency, it may be advantageous to support the tsxpiocertain food groups
and not divert them into local markets. Clearly, earnings fioenexport of tropical fruits
(pineapples, papayas, avocados) can be utilized to fund the impoespérate-climate
fruits such as apples, citrus, and stone fruits. Likewise, the exfp®nteet potatoes, fish, and
basil can be exchanged for rice imports. Agricultural exporiegs can also be utilized to
purchase needed factor inputs such as fertilizers, pesticidesgpearckaaterials, and farm
implements.

Finally, the logical extension for continuing research in Halgaifood supply and
consumption matrix is to expand the defined food groups and subgroups anthéo fur
delineate them into food forms such as dried, canned, or processéerfore, it is equally
appropriate to assess the various food groups and subgroups that havatése goeential to



achieve a higher degree of food localization in Hawai‘i. The amfditiknowledge arising
from such an assessment could further alleviate many of thernereqressed by Hawai‘i
residents as to the vulnerability of the state’s food supply chaihel midst of continuing
volatility in global markets.

Endnotes

Warner HH (1937)Hawai‘i's food supply and the maritime strike of 1936-Bxtension
Bulletin 29. Agricultural Extension Service, University of Hawai'i.

PHawaii’'s rapid urbanization is well reflected in Honolulu’s grogvimaffic congestion. See
Honolulu Star Advertiser (Apr 04, 2013) Honolulu third-worst for traffic
congestion.http://www.staradvertiser.com/news/breaking/20130404_Honolulu_thirdworst_fo
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°All data sources utilized in this table are reported in quantjtissally weight measures
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used consistently here are as reported and have not undergone cosyersiept for eggs
and poultry (unit count to product weight and live to dressed weightlo&Ees reported in
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weight).
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