
P L A T E I 6 . 

Traditional political units (moku) on Maui and Haxoai'i Island, in relation to the distribution 

of areas with high potential for irrigated and dryland (rain-fed) intensive agriculture. 

Hawaiian Agro-ecosystems 
and Their Spatial Distribution 

Thegn N. Ladefoged, Patrick V. Kirch, 
Oliver A. Chadwick, Sam M. Gon II I , 
Anthony S. Hartshorn, and Peter M. Vitonsek 

T h e capacity o f agr i cu l ture to s u p p o r t precontact Hawai ian p o p u l a 
t ions var ied t h r o u g h o u t the archipelago. O n the wet w i n d w a r d sides o f the 
islands, agr i cu l ture focused o n intensive i r r i g a t e d p o n d f i e l d s that p r o 
d u c e d large quanti t ies o f taro (Colocasia esculenta; i n Hawai ian , kalo). I n 
contrast, p r o d u c t i o n i n the d r y leeward zones was p r i m a r i l y restr icted to 
ra in- fed cu l t iva t ion o f sweet pota to {Ipomoea batatas; i n H a w a i i a n , 'uala) a n d 
to a lesser extent yams (especially Dioscorea alata; i n Hawai ian , uhi) a n d dry
l a n d taro. T h e labor requirements f o r these crops were d i f f e r e n t , w i t h r a i n -
f e d p r o d u c t i o n r e q u i r i n g approx imate ly twice the labor o f i r r i g a t e d 
p r o d u c t i o n per fixed u n i t o f l a n d (Spriggs 1984; Yen 1973). F u r t h e r m o r e , 
i r r i g a t e d p o n d f i e l d s can p r o d u c e m o r e t h a n twice the tota l tonnage o f 
f o o d per hectare as ra in- fed systems ( K i r c h 1994; Massal a n d Barrau 1956; 
Spriggs 1981), a n d this p r o d u c t i o n is usually m o r e rel iable . These large-
scale p r o d u c t i o n di f ferent ia ls h a d i m p l i c a t i o n s f o r precontac t p o p u l a t i o n 
densities, surplus p r o d u c t i o n , a n d sociopol i t ica l t ransformat ions i n the var
ious regions o f H a w a i ' i . 

W h i l e archaeologists (e.g., J . A l l e n 1991; K i r c h 1985, 1994) have rec
ognized the variable characteristics o f ra in- fed a n d i r r i g a t e d p r o d u c t i o n 
a n d s tudied these i n local ized e n v i r o n m e n t s (see below f o r discussion o f 
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specific areas), u n t i l recently, there has been a paucity o f research assess
i n g the extent to w h i c h d i f f e r e n t a g r i c u l t u r a l strategies were developed 
t h r o u g h o u t the archipelago. O u r GIS analysis (see Ladefoged et al . 2009) 
i d e n t i f i e d the specific c l imatic a n d e n v i r o n m e n t a l condi t ions necessary for 
b o t h w e t l a n d a n d r a i n - f e d p r o d u c t i o n . T h a t analysis classified the 
H aw ai ian landscape i n t o zones suitable f o r each pathway o f intensive agri
cu l ture . We c o m p a r e d the results o f o u r models w i t h deta i led archaeolog
ical data f r o m five locations (Wainiha , Kaua ' i ; Halawa, M o l o k a ' i ; Wai lau, 
M o l o k a ' i ; Kalaupapa, M o l o k a ' i ; a n d leeward Kohala , H a w a i ' i Is land) where 
there is g o o d d o c u m e n t a t i o n o f the d i s t r i h u t i o n o f the physical remains o f 
a g r i c u l t u r a l systems, such as terraces, i r r i g a t i o n ditches, a n d ra in- fed field 
walls a n d boundar ies . We also considered some o f the e thnohis tor ica l and 
e t h n o g r a p h i c evidence f o r the d i s t r i b u t i o n o f intensive agr icu l ture , i n c l u d 
i n g accounts by early E u r o p e a n visitors to the islands a n d , m o r e i m p o r 
tantly, the systematic, archipelago-wide e thnographic survey under taken hy 
E. S. C. H a n d y i n the 1930s ( H a n d y 1940; H a n d y a n d H a n d y 1972). Handy's 
w o r k is especially useful f o r its r e c o r d o f w e t l a n d p l a n t i n g localities; given 
the a b a n d o n m e n t o f most intensive ra in- fed systems d u r i n g the first ha l f o f 
the n i n e t e e n t h century, he greatly underes t imated areas o f ra in- fed plant
i n g . I n d e e d , he d i d n o t d o c u m e n t some h i g h l y in tens i f i ed , large rain-fed 
complexes, such as the leeward Kohala field system. 

We c o n c l u d e d that at the t i m e o f E u r o p e a n contact, the d i s t r i h u t i o n of 
intensive agr icul ture var ied a n d f u r t h e r deve lopment , b o t h expansion and 
in tens i f i ca t ion , may have been feasible (see Ladefoged et al . 2009) . This 
analysis also suggested that to ta l p r o d u c t i o n capabilit ies var ied across the 
archipelago. I n this chapter, we e x p a n d o n o u r o r i g i n a l assessment o f the 
coinc idence between the GIS m o d e l results a n d the archaeological , eth
nohis tor ica l , a n d e t h n o g r a p h i c data a n d discuss the impl i ca t ions o f the 
convergence a n d disparity o f the data sets f o r u n d e r s t a n d i n g late prehis
tor ic Hawai ian sociopol i t ica l trajectories. 

G I S M O D E L I N G O F T H E D I S T R I B U T I O N O F H A W A I I A N 

A G R I C U L T U R E 

Irrigated Pondfields 

I r r i g a t e d p o n d f i e l d s {lo'i) were the m a i n focus o f precontac t Hawai ian 
w e t l a n d agr icu l ture , w i t h taro b e i n g the ma jor c rop . T h e deve lopment of 
large systems o f intensively cul t ivated taro r e q u i r e d consistent a n d p lent i 
f u l surface water, large areas o f arable soil w i t h low slopes, a n d elevations 
low e n o u g h to y ie ld w a r m temperatures a n d h i g h inso la t ion . O u r GlS 
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m o d e l (see Ladefoged et al . 2009) p r e d i c t e d the d i s t r i b u t i o n o f i r r i g a t e d 
pondf ie lds based o n the geospatial in tersect ion o f five m a jo r var iab les— 
water source, e levation, slope, gravi ta t ional f low, a n d g e o m o r p h i c sett ing: 

1. Water source: Continuous perennial streams provided the pr imary 

source of water for pondfields, a l though springs and zones of ground

water emergence or stream reemergence near the coastal zone also 

supplied water. These streams provided sufficient moisture for 

f looded crops to grow and replenished the nutrients available to 

crops (see Palmer et al. 2009; chapter 2 i n this volume) . To define 

areas o f potential pondfields, we used stream and rainfal l data f r o m 

the Hawai ' i Statewide GIS Program (State o f Hawai ' i 2008). We iden

t i f ied major streams and, based o n rainfall levels (above 2,000 and 

3,000 m m ) i n areas through which these streams flowed, determined 

the portions o f streams that could be supplied with enough water to 

support irrigated pondfields (plate 3). O u r model assumed that all o f 

the appropriate stream segments could distribute water to areas 

extending up to 500 m f r o m the stream. 

2. Elevation: Temperature is a critical variable for the product ion o f taro. 

Rain-fed taro was grown at higher elevations, but the vast majority o f 

irr igated pondfields were below 300 m i n elevation. This elevation 

corresponds to a mean annual temperature o f greater than 21°C, a 

level that the model defines as a m i n i m u m for the development of 

intensified irrigated pondfields (plate 4). 

3. Slope: Taro pondf ie ld systems typically have very gentle gradients that 

deviate only slightly f r o m horizontal , al lowing for both f l o o d i n g and 

the continuous movement o f water across the growing plants. Whi le 

some pondfields were constructed on steep colluvial slopes, the allu

vial f l o o d plains of valleys and extensive alluvial and colluvial coastal 

plains provided the most favorable conditions. Based on archaeologi

cal survey data provided by McElroy (2007) and Earle (1980), we 

defined a slope threshold o f 10 degrees or less for large intensive taro 

p o n d f i e l d systems (plate 5) . 

4. Gravitational flow: Even given sufficient water flow, elevation below 

300 m , and suitable slopes, the detailed topography o f r iparian 

corridors can prevent water f r o m reaching areas where pondfields 

could otherwise be developed. We ident i f ied areas where steep 

gulches w o u l d have restricted gravitational water flow and removed 
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these f r o m the modeled areas o f potential pondf ie ld development 
(plate 6) . 

5. Geomorphic setting: Geomorphic locations suitable for intensive pond
fields were ident i f ied o n the basis o f the attribute for geomorphology 
("geomdesc") i n the US Department o f Agriculture's Soil Survey 
Geographic Database l inked to a GIS coverage (Uni ted States 
Department of Agricul ture 2009). Zones wi th malleable soils i n areas 
suitable for water manipulat ion and diversion were isolated f r o m 
those wi thout these characteristics and f o r m e d the final condi t ion of 
the irr igated model (plate 7). 

Rain-Fed Systems 

Sweet pota to a n d the secondary crops o f yams a n d d r y l a n d taro were 
the staples o f the intensive ra in- fed precontact a g r i c u l t u r a l systems ( H a n d y 
1940; Yen 1974). Sweet pota to tolerates cooler temperatures t h a n i r r igated 
taro, so i t c o u l d be g r o w n at h i g h e r elevations; i t also tolerates—indeed 
r e q u i r e s — d r i e r soils t h a n i r r i g a t e d o r d r y l a n d taro. Typically, i t is cult ivated 
i n wel l -dra ined m o u n d s o f loose soil . Rain-fed systems also r e q u i r e d rela
tively h i g h levels o f soil fer t i l i ty , w h i c h varies as a f u n c t i o n o f ra in fa l l , tem
perature , a n d the age o f volcanic substrate (see chapter 2 f o r details) . 
Accordingly , the ra in- fed agr i cu l ture m o d e l was hased o n the intersect ion 
o f GIS-derived r a i n f a l l a n d elevation f igures, as wel l as soil f e r t i l i t y : 

• Rainfall: The lower rainfall boundary o f many Hawaiian intensive 
rain-fed systems corresponds closely to the 750 mm/year rainfal l 
isohyet (Kirch et al. 2004; Ladefoged and Graves 2000; Ladefoged, 
Graves, and Jennings 1996)—as is observed elsewhere i n the tropics 
(Purseglove 1968). We took this to be the lowest average rainfall at 
which the effort o f b u i l d i n g and mainta in ing an intensive rain-fed 
system was rewarded w i t h good yields frequently enough to be worth
while to the cultivators (see Ladefoged et al. 2009). 

• Elevation: The rain-fed GIS model used 900 m as the upper elevation 
boundary for rain-fed systems; this corresponds to a mean annual 
temperature o f about 18°C, which is similar to the boundary o f inten
sive sweet potato cultivation i n the leeward Kohala field system 
(Ladefoged and Graves 2000) and other regions of the w o r l d (Ngeve, 
H a h n , and Bouwkamp 1992). 

• Soil fertility: Soil fert i l i ty i n volcanic landscapes is a func t ion o f the age 
o f substrate, the amount o f rainfall , and ambient temperature 
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(Chadwick et al. 2003; Vitousek et al. 2004). I n general, soil nutrients 
are greatest o n young substrates; they decrease rapidly wi th increasing 
age i n wetter sites but can remain h i g h for hundreds of thousands of 
years i n drier sites. Soil nutr ient dynamics are also inf luenced by tem
perature; soil minerals weather more rapidly at h i g h temperatures 
than low, all else being equal (Dessert et al. 2003). By def in ing 
explicit thresholds (see Ladefoged et al. 2009 for details), the model 
incorporated the influences o f rainfal l , temperature (as reflected by 
the proxy of elevation), and age o f substrate on soil nutr ient deple
t ion throughout the archipelago and ident i f ied areas that would be 
suitable for intensive rain-fed agriculture (plate 8) . 

A S S E S S I N G M O D E L R E S U L T S W I T H A R C H A E O L O G I C A L , 

H I S T O R I C A L , A N D E T H N O G R A P H I C D A T A 

Irrigated Pondfields 
T h e m o d e l e d predic t ions f o r the archipelago-wide d i s t r i b u t i o n o f i r r i 

gated agr icu l ture are shown i n plate 9 a n d s u m m a r i z e d i n tahle 3 .1 . T h e 
concentrat ion o f i r r i g a t e d systems o n the o l d e r islands o f Kaua ' i a n d O ' a h u 
is consistent w i t h the dissection o f the i r volcanoes by erosion a n d the devel
o p m e n t o f extensive areas o f a l luvial a n d col luvia l soils. We h a d assessed 
the i r r i g a t e d m o d e l results t h r o u g h a c o m p a r i s o n o f the predic t ions w i t h 
the d i s t r i b u t i o n o f i r r i g a t e d agr i cu l ture r e c o r d e d i n three w i n d w a r d valleys 
(see Ladefoged et a l . 2009). We f o u n d a 98.5 percent correspondence 
between the archaeological remains a n d the m o d e l predic t ions i n W a i n i h a 
Valley ( K a u a ' i ) , a 78 percent correspondence i n Halawa Valley ( M o l o k a ' i ) , 
and a 66 percent correspondence i n Wai lau Valley ( M o l o k a ' i ) . T h e dis
crepancies between the archaeological remains a n d the m o d e l results i n 
the three valleys were generally a t t r i b u t e d to the c o n s t r u c t i o n o f terraces i n 
areas exc luded by the m o d e l as having too steep slopes. I n some locations 
w i t h i n the valleys, the models p r e d i c t e d the existence o f archaeological 
remains, b u t n o n e were r e c o r d e d . I n general , these discrepancies were 
a t t r ihuted to the field r e c o r d i n g o f semi-isolated p r o d u c t i o n patches i n 
larger areas that were probably used to grow crops at one t i m e . 

We br ie f ly considered the correspondence between the m o d e l results 
and the e thnohis tor i c a n d e t h n o g r a p h i c accounts o f agr i cu l ture b u t d i d 
not provide a deta i led assessment (see Ladefoged et al . 2009). We have n o w 
examined that data a l o n g w i t h a d d i t i o n a l archaeological data a n d make 
the f o l l o w i n g ohservations. 
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For Kaua ' i , the m o d e l predic t ions coinc ide w i t h Handy's (1940:58-73) 
descript ion o f wet land p l a n t i n g areas a r o u n d the is land, w i t h especially 
extensive areas i n Puna, K o ' o l a u , a n d Halele 'a districts. T h e Wai lua Valley, 
which lies i n the hear t land o f the Puna Distr ict , was the pol i t i ca l core o f the 
ancient Kaua ' i k i n g d o m , n o t e d f o r several i m p o r t a n t temple sites (Bennet t 
1931). By the t ime o f Handy's a n d Bennett 's surveys o f t r a d i t i o n a l Hawai ian 
agricul tural areas, m u c h o f the l a n d h a d already heen converted to sugar 
plantations, b u t Bennet t was nonetheless impressed at the extent o f agri
cul tural ter rac ing i n those valleys that h a d n o t been subjected to p l a n t a t i o n 
development. H e wrote that " i n the valleys i n w h i c h l i t t le disturbance has 
gone o n , part icular ly the Napal i section, the m a x i m u m o f t i l lable soil was 
uti l ized. O n the sides o f the valleys the terraces r u n almost to the base o f the 
great cliffs, where the nature o f the talus slopes is n o t too rocky" (Bennett 
1931:21). I n d e e d , i t w o u l d appear that, because o f the conser-vative slope 
cutof f value a n d the coarseness o f the d ig i ta l elevation m o d e l , the m o d e l 
may underest imate the extent o f terrac ing i n the Napal i Distr ict valleys. 

O n O ' a h u , the m o d e l results can he c o m p a r e d w i t h Kirch 's (1994:252) 
map o f p r i m a r y i r r i g a t i o n zones, w h i c h is hased o n archaeological survey 
data a n d Handy's (1940:73-101) deta i led e thnohis tor i ca l a n d e thno
graphic descript ions o f wet taro p l a n t i n g areas o n the is land (plate 9 ) . I n 
general, the m o d e l defines m o r e specific areas t h a n those i d e n t i f i e d by 
K i rc h . W h i l e m o d e l e d areas o f w e t l a n d p o t e n t i a l o f t e n e x t e n d outside the 
boundaries o f Kirch 's zones, the areas w i t h i n those zones are m o r e pre
cisely d e f i n e d . K i r c h (1994) d i d n o t depic t any zones o f i r r i g a t e d p r o d u c 
t ion i n centra l O ' a h u ; however, the m o d e l i d e n t i f i e d areas o f p r o d u c t i o n 
o n the Wahiawa Plateau. A l t h o u g h H a n d y (1940:81) r e f e r r e d to some ter
races a l o n g Wahiawa Stream, the areal ex tent o f the m o d e l predic t ions 
seems too large. T h e m o d e l predic t ions are p r o b a b l y the result o f h is tor ic 
land modi f i ca t ions that make the area appear m o r e suitable f o r precontact 
agriculture t h a n i n fact was the case. Certainly, w h a t we k n o w o f the archae
ology o f centra l O ' a h u (McAl l i s ter 1933) suggests a low precontac t p o p u 
lat ion; the r e g i o n lacks any large temples or o t h e r sites that m i g h t ref lect a 
h igh p o p u l a t i o n density associated w i t h large-scale i r r i g a t i o n . 

A t a f iner -gra ined scale, we can also compare the GIS m o d e l predic-
hons w i t h results o f deta i led archaeological surveys o f the physical remains 
of i r r i g a t i o n systems i n several localities o n O ' a h u , i n c l u d i n g Makaha 
(Green 1980; Yen et al . 1972), A n a h u l u (Spriggs a n d K i r c h 1992), a n d 
Upland Kane 'ohe valleys (J. A l l e n 1987), w h i c h span the spec t rum f r o m 
uiarginal leeward t h r o u g h in te r m ed ia te to f u l l y w i n d w a r d valley settings. I n 
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Makaha, the m o d e l predicts small patches o f modera te p o t e n t i a l s t raddl ing 
the u p p e r reaches o f Makaha Stream, a l i m i t e d pendant-shaped area of 
h i g h p o t e n t i a l i n the valley's mid-reaches, b u t n o p o t e n t i a l i n the lower 
p a r t o f the valley, as p e r m a n e n t s treamflow ends wel l before the coast is 
reached. These predic t ions m a t c h the archaeological r e c o r d very wel l , wi th 
the small terraced system m a p p e d a n d excavated by Yen a n d others (1972) 
i n the u p p e r valley a n d w i t h one m a i n i r r i g a t i o n d i t c h w a t e r i n g a section of 
the m i d d l e valley i m m e d i a t e l y below Kane'akI H e i a u , the valley's major 
t emple site (Green 1980:47, 77) . 

For the A n a h u l u Valley a n d coastal r e g i o n o f Waialua Distr ict , corre
spondence between m o d e l predic t ions a n d archaeological evidence is 
again g o o d ; the large areas o f h i g h p o t e n t i a l f o r i r r i g a t i o n i n coastal 
Waialua are empir i ca l ly evidenced i n the e thnohis tor i ca l documents ana
lyzed by K i r c h a n d Sahlins (1992), a n d the smaller trace o f h i g h and 
m e d i u m p o t e n t i a l r u n n i n g u p the n a r r o w A n a h u l u Valley corresponds wi th 
the n u m e r o u s small terrace systems m a p p e d i n detai l by Spriggs a n d Kirch 
(1992). Finally, f o r w i n d w a r d O ' a h u , where the m o d e l predicts a dense 
c o n c e n t r a t i o n o f h i g h p o t e n t i a l f o r i r r i g a t i o n , Al len 's (1987) w o r k i n 
L u l u k u at site G5-85 documents the prehis tor ic cons t ruc t ion o f large-scale, 
c o m p l e x i r r i g a t i o n terrac ing p u s h i n g back against the steep slopes o f the 
w i n d w a r d escarpment as early as AD 1400. 

For the is land o f M o l o k a ' i , the GIS m o d e l confines i r r i g a t e d taro cul
t ivat ion to the eastern h a l f o f the is land, especially i n the f o t i r large w i n d 
w a r d valleys (Waiko lu , Pe lekunu, Wai lau, a n d Halawa) , a n d i n valley mouths 
a n d o n al luvial coastal plains a l o n g the southern coast as far west as Kawela. 
These correspond w i t h the K o ' o l a u a n d K o n a districts o f the island, respec
tively, w h i c h were the two major centers o f p o p u l a t i o n concentra t ion dur
i n g the early postcontact p e r i o d (Coul ter 1931). H a n d y spent l i m i t e d time 
o n M o l o k a ' i , b u t the m o d e l predic t ions c o n f o r m w e l l w i t h his summary of 
wet taro d i s t r i h u t i o n ( H a n d y 1940:101-03) a n d w i t h the notes c o m p i l e d by 
Southwick Phelps (1937). I t is w o r t h n o t i n g that the spatial d i s t r i b u t i o n of 
i r r i g a t i o n p o t e n t i a l over M o l o k a ' i correlates strongly w i t h the d i s t r i h u t i o n 
o f ma jor precontact he iau , o r temple sites. These sites were m a p p e d by 
J o h n F. G. Stokes i n 1909 (his data are i n c o r p o r a t e d i n Summers 1971), 
a n d the largest are closely associated w i t h the southeast-coast i r r i g a t i o n 
zones a n d w i t h the ma jor w i n d w a r d valleys. ' I l i ' i l i ' o p a e , one o f the largest 
state temples o f h u m a n sacrifice (luakini) i n the archipelago, is located 
near the center o f the southeastern i r r i g a t i o n zone. 

T h e fit between the m o d e l predic t ions a n d the archaeological remains 
is n o t as g o o d i n Kawela, o n the southern leeward coast. H e r e the model 
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predicts an area o f h i g h i r r i g a t i o n p o t e n t i a l o n the a l luvial f l o o d p l a i n at 
the valley m o u t h , w i t h some smaller patches e x t e n d i n g i n l a n d u p the t w i n 
forks o f Kawela Stream. Archaeologica l surveys by Weisler a n d K i r c h 
(1985:135-38) revealed the presence o f one m a j o r i r r i g a t i o n d i t c h l e a d i n g 
onto the a l luvial f l o o d p l a i n , as w e l l as small terrace systems i n the n a r r o w 
gulches i n l a n d . However, e th n o h is to r i c a l documents—especial ly c o m 
moner l a n d claims made d u r i n g the Mahele , or d iv is ion o f lands between 
the k i n g , chiefs, a n d c o m m o n e r s (1846-1854)—indicate that the Kawela 
floodplain was cul t ivated n o t i n taro b u t i n sweet potatoes; claims to taro 
land were l i m i t e d to the small i n l a n d patches. Thus , Weisler a n d K i r c h 
i n t e r pr e t e d the i r r i g a t i o n o f the Kawela f l o o d p l a i n as seasonal f o r ra in- fed 
agr icul ture , c o r r e s p o n d i n g to t imes o f suff ic ient w i n t e r streamflow. 

T h e GIS m o d e l ident i f ies the Kawela area as hav ing h i g h p o t e n t i a l f o r 
wetland agr i cu l ture hecause Kawela Stream is classified as i n t e r m i t t e n t a n d 
extends ahove the 3,000 m m isohyet. T h e discrepancy hetween the m o d e l 
predict ions a n d the archaeological evidence is probably due to the model ' s 
inc lusion o f a l l such i n t e r m i t t e n t streams i n i d e n t i f y i n g p o t e n t i a l areas f o r 
p o n d f i e l d deve lopment . Th is was necessary because o f errors i n c o d i n g 
some p e r e n n i a l streams as i n t e r m i t t e n t i n the GIS coverage (Pe lekunu 
being an e x a m p l e ) . Kawela Stream is an example o f a t rue i n t e r m i t t e n t 
stream, one that c o u l d n o t s u p p o r t i r r i g a t e d agr i cu l ture . I n terms o f rela
tive water f low, i t is probably qui te close to streams classified as n o n p e r e n -
nial i n the data set. Notably, a l l the s u r r o u n d i n g streams are classified as 
n o n p e r e n n i a l a n d therefore i d e n t i f i e d as hav ing a low p o t e n t i a l f o r p o n d 
field agr icu l ture . 

T h e spatial d i s t r i b u t i o n o f i r r i g a t i o n p o t e n t i a l o n M a u i corresponds to 
the d i f f e r e n t ages o f West a n d East M a u i a n d to the lack o f p e r m a n e n t 
s treamflow o n southeastern M a u i d u e to the ra inshadow effect o f 
Haleakala Volcano. West Maui 's h i g h p o t e n t i a l f o r i r r i g a t i o n is c o n f i r m e d 
by Handy's (1940:103-09) descr ip t ion o f specific p l a n t i n g localities, w h i c h 
correspond very w e l l to m o d e l predic t ions . These localities i n c l u d e the val
leys a n d b r o a d al luvial plains f r o m U k u m e h a m e n o r t h w a r d to H o n o k o h a u 
and, o n the w i n d w a r d side, the f o u r substantial valleys k n o w n collectively as 
Na Wai Eha (The Four Waters) : Waihe 'e , W a i e h u , W a i l u k u , a n d Waikapu. 
H a n d y (1940:107) cal led Na W a i Eha " the largest c o n t i n u o u s area o f wet 
taro cu l t iva t ion i n the islands," a l t h o u g h this may be an exaggerat ion w h e n 
c o m p a r e d w i t h w i n d w a r d O ' a h u a n d northeastern Kaua ' i . L i t t l e archaeo
logical w o r k has been d o n e o n M a u i i r r i g a t i o n systems, b u t the in ter iors o f 
many o f the valleys are k n o w n to c o n t a i n extant terrace sets. I r r i g a t i o n 
systems o n the coastal plains o f leeward West M a u i , described by early 
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E u r o p e a n voyagers (e.g., Menzies 1920:105, 112), were largely obl i terated 
by late n i n e t e e n t h - a n d twent ie th-century sugarcane c u l t i v a t i o n . 

O n East M a u i , the GIS m o d e l predicts fa ir ly extensive zones o f irr iga
t i o n p o t e n t i a l a l o n g the w i n d w a r d H a m a k u a a n d K o ' o l a u districts. H a n d y 
(1940) again r e p o r t e d terraced taro cu l t iva t ion i n H a m a k u a a n d Ko 'o lau , 
i n c l u d i n g the famous c o m p l e x at Ke'anae a n d Wai lua , where taro cont in
ues to be g r o w n to this day. 

As n o t e d (see Ladefoged et al . 2009) , the m o d e l ident i f ies n o potent ia l 
f o r i r r i g a t e d agr i cu l ture o n Lana ' i or Kaho'olawe. This is hecause rainfal l 
o n the two islands is so low that n o streams have headwaters i n areas receiv
i n g m o r e t h a n 1,500 m m o f r a i n . Handy's (1940:103) descr ip t ion that on 
L a n a ' i "wet taro was cul t ivated t h r o u g h o u t the u p p e r valley o f Maunale i 
Distr ic t , a n d i n a small area midway u p f r o m the sea i n the deep valley r u n 
n i n g d o w n the K a u n o l u side o f K a l u l u d is t r i c t " does n o t co inc ide w i t h the 
m o d e l results. This discrepancy c o u l d be a t t r i b u t e d to the deve lopment of 
spring-fed systems i n the valley, a p r o d u c t i o n m o d e n o t accounted f o r by 
the m o d e l . 

O n H a w a i ' i I s land, the GIS m o d e l indicates that the w i n d w a r d , n o r t h 
eastern side o f the is land has the highest p o t e n t i a l f o r i r r i g a t e d agr icul ture . 
Because o f the island's relatively y o u n g age, i t contains j u s t a few deep dis
sected valleys. Most notable are W a i p i ' o , W a i m a n u , H o n o k e ' a , H o n o p u e , 
H o n o k a n e , a n d Polo lu . H a n d y (1940:120-24) suggested that W a i p i ' o and 
W a i m a n u were the most product ive , w i t h Ellis (1827/1963:256) descrihing 
the W a i p i ' o valley b o t t o m i n 1823 as "one c o n t i n u e d g a r d e n . . . a l l growing 
l u x u r i a n t l y " a n d B i n g h a m (1849:379) es t imat ing that u p w a r d o f 1,500 peo
ple l ived i n the valley i n 1855. Ellis (1827/1963:273) also wrote h ighly of 
P o l o l u , i n d i c a t i n g t h a t the valley was w e l l w a t e r e d a n d cul t ivated. 
Archaeologica l research i n Polo lu has d o c u m e n t e d an extensive system of 
terraces a n d i r r i g a t i o n ditches, a l t h o u g h there is some quest ion about 
w h e t h e r these were used f o r f l o o d e d p o n d f i e l d s , i n t e r m i t t e n t i r r i g a t i o n , or 
b o t h (Tuggle a n d Tomonar i -Tuggle 1980). I n a d d i t i o n to the deeper val
leys o n H a w a i ' i I s land, the GIS m o d e l predicts that m a n y o f the smaller val
leys a n d gulches c o u l d have sustained i r r i g a t e d agr icu l ture . A few valleys i n 
N o r t h Kohala have been the subject o f recent archaeological w o r k , which 
conf i rms the existence o f extensive terrac ing a n d i r r i g a t i o n ditches i n allu
vial valley bo t toms (McCoy a n d Graves 2007, 2008, 2010). 

Rain-Fed Systems 

T h e results o f the predict ive m o d e l f o r intensive ra in- fed agr icul ture 
are s u m m a r i z e d i n plate 9 a n d tahle 3 .1 . I n o u r 2009 study, we assessed 
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these results w i t h archaeological data f r o m the leeward Kohala f i e l d system 
(Hawai ' i Is land) a n d the Kalaupapa field system ( M o l o k a ' i ) . We f o u n d a 90 
percent a n d 99 percent correspondence , respectively, between the archeo-
logical remains a n d m o d e l predic t ions f o r the two areas. I n Kohala , the 
m o d e l accurately tracked the archaeologically i d e n t i f i e d southwest b o u n d 
ary o f the field system d e f i n e d by the 750 m m r a i n f a l l isohyet. T h e m o d e l 
also c a p t u r e d the i n f l u e n c e o f geologic substrate age, a l t h o u g h i t d i d n o t 
incorporate the effect that m o r e recent t e p h r a c o u l d have h a d o n o l d e r 
substrates. A t a m o r e general level, the m o d e l results can be c o m p a r e d w i t h 
the d i s t r i h u t i o n o f agr i cu l ture r e c o r d e d i n o t h e r zones o f H a w a i ' i I s land. 
N ew m an (n.d. :115) first presented a m a p o f the d i s t r i b u t i o n o f agr i c u l tu r e 
on H a w a i ' i I s land, a n d r e f i n e d versions have been p u b l i s h e d i n K i r c h 
1985, 1994, a n d M . A l l e n 2004:197, w i t h a m o r e spatially l i m i t e d m a p i n 
Bur tchard a n d Tomonar i -Tuggle 2004:52. These maps show only the gen
eral d is t r ibut ions o f agr i cu l ture at a very coarse scale a n d are based o n l i m 
i ted archaeological ohservations a n d extrapolat ions (plate 9 ) . 

For Kona , there are extensive e thnohis tor i ca l accounts o f g a r d e n i n g 
(see Kelly 1983 f o r a s u m m a r y ) . W r i t i n g i n the 1820s, Ellis (1827/1963: 
31-32) described the area as " d i v i d e d i n t o small f ields, about fifteen rods 
square, f enced w i t h low stone wal ls . . . . These fields were p l a n t e d w i t h 
bananas, sweet potatoes, m o u n t a i n taro, paper m u l b e r r y plants, melons , 
and sugar-cane, w h i c h f l o u r i s h e d l u x u r i a n t l y i n every d i r e c t i o n . " T h e 
approximate m a p p e d d i s t r i b u t i o n o f the K o n a field system (plate 9) a n d 
the GIS m o d e l results correlate reasonahly wel l . T h e m a p p e d d i s t r i b u t i o n 
is so general ized as to miss lava flows f r o m Huala la i a n d M a u n a L o a volca
noes that cross the p r i m e c l imate f o r agr i cu l ture b u t are too y o u n g ( too 
lacking i n soil) to s u p p o r t an intensive field system. Also, the m o d e l i d e n 
tifies n u m e r o u s klpuka (islands o f o l d e r substrate s u r r o u n d e d by y o u n g e r 
flows) outside the m a p p e d b o u n d s o f the field system, i n w h i c h intensive 
agriculture w o u l d have been feasible. T h e remains o f intensive c u l t iva t io n 
have heen recognized i n some o f these k i p u k a . Overa l l , the m o d e l suggests 
that intensive agr icul ture m i g h t have been pract iced over a m o r e exten
sive—but less cont inuous—area o f K o n a t h a n the m a p p e d d is t r ihut ions 
record. 

T h e m o d e l e d d i s t r i b u t i o n o f the Waimea field system is m u c h larger 
and displaced wel l to the east o f the d i s t r i b u t i o n o f the system d e p i c t e d by 
B u r t c h a r d a n d Tomonar i -Tuggle (2004) (plate 9 ) . T h e Waimea area is e th-
Uohistorically k n o w n to have s u p p o r t e d a substantial p o p u l a t i o n p r i o r to 
European contact , l ikely r e q u i r i n g a large a g r i c u l t u r a l area (see Clark 1987 
for a s u m m a r y ) . T h e s o u th er n a n d western areas d ep ic ted by B u r t c h a r d 
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a n d Tomonar i -Tuggle (2004) are below the 750 mm/year r a i n f a l l isohyet 
a n d probably u t i l i z e d i r r i g a t i o n a n d thus were e x c l u d e d f r o m the m o d e l 
predic t ions . M u c h o f the m o d e l e d area a r o u n d Waimea lies u n d e r the 
m o d e r n t o w n , m a k i n g archaeological i d e n t i f i c a t i o n o f the remains o f a 
Haw ai ian field system unl ike ly . However, the nor thwes tern p o r t i o n o f the 
area i d e n t i f i e d hy the m o d e l as a p o t e n t i a l field system has r e m a i n e d as 
graz ing l a n d — a n d the remains o f a Hawai ian field system are er ident 
there . T h e eastern p o r t i o n o f the m o d e l e d area is outside the d i s t r i b u t i o n 
o f the field system m a p p e d hy B u r t c h a r d a n d Tomonar i -Tuggle (2004:52). 
However, p o r t i o n s o f this area d o correspond very closely to the area of 
"scattered fields" i d e n t i f i e d by N e w m a n (n.d. :115) that extends f r o m 
Waimea toward the H a m a k u a coast. 

I n the area e x t e n d i n g south a long the Hamakua coast, N e w m a n (n.d. : 
115, see fig. 9a) depicted "scattered fields"; K i r c h (2007a: fig. 6) depicted a 
major zone o f d r y l a n d cul t ivat ion or field systems; K i r c h (1994:252) depicted 
the zone fa r the r i n l a n d . T h e m o d e l e d results overlap or are close to some 
o f these areas b u t are m u c h m o r e l i m i t e d a n d precisely d e f i n e d . The 
archaeological evidence f o r agr i cu l ture i n b o t h the zone e x t e n d i n g to the 
H a m a k u a coast a n d the area e x t e n d i n g southeast paral le l to the Hamakua 
coast is m i n i m a l . I t is possihle that these areas were n o t f u l l y intensi f ied 
p r i o r to E u r o p e a n contact , i n w h i c h case f u r t h e r d e v e l o p m e n t w o u l d have 
been feasible. His tor i c activity has i m p a c t e d many o f these areas, b u t addi
t i o n a l research o n h o t h soil f e r t i l i ty a n d the d i s t r i b u t i o n o f precontact agri
c u l t u r e m i g h t be r e w a r d i n g . 

Einally, o n H a w a i ' i Is land, i n south Ka 'u there is overlap between the 
area o f in tens i f i ed ra in- fed agr i cu l ture p r e d i c t e d by the m o d e l a n d the dis
t r i b u t i o n o f field systems depi c ted by N e w m a n ( n . d . : 1 1 4 ) — a l t h o u g h the 
m o d e l predicts a larger area e x t e n d i n g fa r ther n o r t h . Kirch 's (1994) 
d i s t r i b u t i o n o f field systems i n the area does e x t e n d to the n o r t h , b u t i t is 
offset f r o m the area p r e d i c t e d by the m o d e l to the west. H a n d y (1940: 
165-66) n o t e d the c u l t i va t i on o f taro a n d sweet pota to t h r o u g h o u t the 
area. A l t h o u g h postcontact p l a n t a t i o n agr i cu l ture has a l tered the Ka 'u sys
t e m suhstantially, the western p o r t i o n o f the area i d e n t i f i e d by the m o d e l 
has r e m a i n e d u n d e r grazing. Puhl ic ly available imagery (Google Inc . 2009) 
shows clear evidence o f a c o n t i n u o u s 7.5 k m ^ area o f ra in- fed field system 

j u s t where the m o d e l suggests i t s h o u l d he. 

For M a u i , the GIS m o d e l predicts f o u r m a j o r zones o f h i g h potent ia l 
f o r ra in- fed field systems: (1) a b a n d o f co l luvia l soils a l o n g the eastern 
f l a n k o f the West M a u i m o u n t a i n s , i n the Na W a i Eha r e g i o n ; (2) a strip on 
northeast M a u i i n H a m a k u a Poko, r u n n i n g i n l a n d i n the v ic in i ty o f the 
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m o d e r n towns o f Makawao a n d Pukalani ; (3) a zone i n H a n a o n the east 
end o f the is land; a n d (4) a l engthy southern zone s t re tch ing f r o m Kaupo 
t h r o u g h K a h i k i n u i a n d H o n u a ' u l a districts a n d w r a p p i n g a r o u n d i n t o K u l a 
District . T h e first reg ion is c o n f i r m e d hy Handy's (1940:160) r e m a r k that 
" f r o m Waihee to W a i k a p u there is m u c h g o o d l a n d below a n d b o u n d i n g 
the ancient terrace area o n the k u l a a n d i n the lower valleys w h i c h w o u l d 
be ideal f o r sweet pota to c u l t u r e , " a l t h o u g h H a n d y n o t e d that d r y l a n d taro 
was the p r e d o m i n a n t c r o p i n this field system. W i t h respect to H a m a k u a 
Poko, H a n d y (1940:160) again surmised that " the semi-dry slopes o f 
Hamakua [ H a m a k u a Poko] must have heen p l a n t e d w i t h sweet potatoes," 
but presumably these ra in- fed systems h a d been a b a n d o n e d w e l l before his 
1930s f i e l d w o r k a n d were covered by sugar (as they are n o w ) . We have 
observed, however, the remains o f a ra in- fed field system i n the upper-
elevation p o r t i o n s o f this r e g i o n , above the area where p l a n t a t i o n agr icul 
ture has ob l i t e ra ted the traces o f p r i o r l a n d use. For Hana, H a n d y (1940: 
111-13) suggested that large p o r t i o n s o f the r e g i o n were d o m i n a t e d hy 
rain-fed agr icu l ture , a n d this coincides nicely w i t h the m o d e l results. 

For the southern zone o f ra in- fed agr i cu l ture p r e d i c t e d by the m o d e l , 
there is g o o d correspondence w i t h h o t h e thnohis tor i c a n d archaeological 
sources. H a n d y (1940:161) called this " the greatest c o n t i n u o u s d r y plant 
i n g area i n the Hawai ian islands," a n d n o t e d that Kaupo i n par t i cu lar was 
"famous f o r its sweet potatoes, h o t h i n anc ient times a n d i n recent years." 
Most o f Kaupo Dis tr ic t consists o f an extensive f a n o f late-re juvenation-
phase H a n a Volcanic Series lavas; a recent archaeological survey o n this 
Kaupo fan has c o n f i r m e d the existence o f an intensive field system m a r k e d 
by closely spaced terrace rows r u n n i n g a l o n g the c o n t o u r a n d d i v i d e d i n t o 
larger sections by stone walls r u n n i n g f r o m the coast i n l a n d (see chapter 
4). O n e o f the island's largest t emple sites, Lo 'a lo 'a , a l o n g w i t h a n u m b e r 
o f o ther he iau , is s i tuated w i t h i n this field system zone. 

To the west, i n K a h i k i n u i , an extensive archaeological survey o f m o r e 
than 12 k m ^ has d o c u m e n t e d a near c o n t i n u o u s zone o f u p l a n d h a b i t a t i o n 
and g a r d e n i n g concentra ted between about 400 a n d 750 m above sea level 
( D i x o n et al. 1999; H a r t s h o r n et al . 2006; H o l m 2006; K i r c h et al . 2004). 
A g r i c u l t u r e i n this area was w i t h i n swales i n 'a 'a flows (lava w i t h a r o u g h sur
face), w i t h o u t a f o r m a l field system d e f i n e d by walls a n d trails. This area cor
responds wel l w i t h the GIS m o d e l predict ions , a l t h o u g h the m o d e l defines 
a band somewhat narrower b u t m o r e cont inuous t h a n that actually con
firmed by archaeological g r o u n d survey. L i t t l e w o r k has been done i n 
H o n u a ' u l a , b u t u p l a n d Kula surveys by M i c h a e l K o l b (personal c o m m u n i 
cation 1995) have again c o n f i r m e d extensive u p l a n d residence a n d ra in- fed 
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terrac ing . T h e m o d e l predic t ions f o r an extensive s o u t h e r n zone o f ra in-
f e d f a r m i n g e x t e n d i n g across the leeward face o f Haleakala Volcano are 
wel l c o n f i r m e d by available archaeological data. 

As o u r 2009 analysis n o t e d , o n the Kalaupapa Peninsula o f M o l o k a ' i , 
there is g o o d correspondence between the m o d e l results a n d the ethno
histor ical a n d archaeological evidence. T h e m o d e l i d e n t i f i e d an area o f 
late-stage volcanic re juvenat ion d a t i n g to about 300 kyr (Sherrod et al. 
2007) as suitable f o r intensive ra in- fed agr i cu l ture . H a n d y (1940:158) 
q u o t e d an 1857 Hawaiian-language newspaper source that ex to l led the 
peninsula as "a g o o d l a n d hecause the crops p l a n t e d are successful a n d the 
gain is large." Th is was w r i t t e n short ly after the 1849 Ca l i forn ia G o l d Rush, 
d u r i n g w h i c h the lack o f f o o d i n San Francisco l e d to a b o o m i n sweet 
pota to p r o d u c t i o n i n H a w a i ' i , i n c l u d i n g at Kalaupapa (Ladefoged 1993). 
Archaeologica l surveys a n d excavations i n Kalaupapa have firmly d e m o n 
strated that the intensive field system cover ing m u c h o f the peninsula 
began to be developed as early as AD 1400 ( K i r c h 2002; M c C o y 2005, 2006; 
M c C o y a n d H a r t s h o r n 2007). Archaeologica l surveys have also c o n f i r m e d 
the absence o f any s igni f icant ra in- fed cu l t iva t ion o n the o l d e r M o l o k a ' i 
volcanic shie ld surfaces, as at Kawela (Weisler a n d K i r c h 1985). A n exten
sive survey o f 7.7 km^ shows tha t most precontact sett lement was focused 
o n the i r r igable lands at the m o u t h o f Kawela Stream a n d o n the low ridges 
i m m e d i a t e l y i n l a n d o f the coastal p l a i n . A t t e m p t s to cultivate the u p l a n d 
i n t e r f l u v e surfaces were extremely l i m i t e d a n d appear n o t to have been 
successful. 

A c c o r d i n g to the m o d e l , n o areas o n e i ther L a n a ' i o r Kaho 'o lawe were 
suitable f o r intensive ra in- fed agr i cu l ture . O n Kaho'o lawe, a n n u a l rainfal l 
is below the 750 m m m i n i m u m , a n d o n L a n a ' i , those p o r t i o n s o f the island 
that receive m o r e t h a n 750 m m o f r a i n are e i ther too y o u n g (less than 4 
kyr o f al luvial a n d col luvia l deposits) or too o l d (greater t h a n 700 k y r ) . This 
is at odds w i t h Handy's (1940:158-59) statement that "sweet potatoes were 
p l a n t e d i n every p a r t o f the [ L a n a ' i ] is land where there were settlements: 
o n the shore, i n valleys, o n the kula [ d r y l a n d cu l t i va t ion areas], a n d the 
u p l a n d . " Th is discrepancy m i g h t be a t t r i b u t e d to the parameters o f the 
ra in- fed m o d e l , w h i c h specifies that substrates younger t h a n 4,000 years are 
unsuitable f o r intensive agricul ture—lava flows generally take that l o n g to 
develop or acquire (via deposi t ion o f tephra) nu t r i en t - r i ch soils that could 
be used for intensive rain-fed agr icul ture . As i t stands, the m o d e l does not 
recognize that once volcanics have weathered a n d developed i n t o nutr ient -
r i c h soils, they can be redeposited as recent c o l l u v i u m o r a l l u v i u m that 
c o u l d s u p p o r t intensive ra in- fed agr icul ture . Unfor tunate ly , the GIS geology 
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coverage d i d n o t consistently dist inguish volcanic substrates f r o m col luvial 
and alluvial substrates. O n Lana' i , the large recendy deposited alluvial Palawai 
basin m i g h t well have supported intensive rain-fed agriculture, b u t because 
it is classified as less than 4,000 years o l d , i t was e l iminated. Unfortunately , 
historic disturbances i n the area make i t impossible to determine the nature 
and level o f intensif icat ion o f rain-fed cult ivat ion i n this area. 

T h e m o d e l predicts fa ir ly extensive areas w i t h g o o d f a r m i n g p o t e n t i a l 
i n parts o f southeast O ' a h u , c o r r e s p o n d i n g to areas u n d e r l a i n by late-
rejuvenation-phase lavas a n d pyroclastics o f the H o n o l u l u Volcanic Series. 
Ethnohis tor ica l sources likewise p o i n t to these landscapes as hav ing been 
intensively u t i l i z e d for sweet pota to cu l t iva t ion . H a n d y (1940:156) r e f e r r e d 
especially to the " r e g i o n a r o u n d M a k i k i a n d R o u n d T o p " as " the most 
favorable local i ty o n O a h u f o r sweet pota to c u l t i v a t i o n , " n o t i n g a par t i cu
larly g o o d c o m b i n a t i o n o f cinder, h u m u s , a n d ra in fa l l condi t ions . R o u n d 
Top is cal led 'Ualaka'a i n Hawai ian ( R o l l i n g Sweet Potatoes), a n d K i n g 
Kamehameha I is r e p o r t e d to have established a ma jor p l a n t a t i o n o n these 
slopes (Kamakau 1961). 

However, some o f the areas o n O ' a h u pred ic ted as having h i g h poten
tial fo r rain-fed f a r m i n g are questionable, especially the steep slopes o f t u f f 
cones o n eastern O ' a h u a n d patches predic ted i n the K a h u k u r e g i o n o f 
n o r t h e r n O ' a h u . A l l o f the latter are o n calcareous paleodune deposits o f 
Holocene a n d Pleistocene age (Sherrod et al . 2007), n o t the volcanic sub
strates o n w h i c h the m o d e l is hased. Because the m o d e l only uses substrate 
age as an i n p u t , i t lumps these o f t e n l i t h i f i e d calcareous dunes w i t h the agri
cultural ly m o r e suitable H o n o l u l u Volcanics. T h e former , however, w o u l d 
have very low n u t r i e n t supply, a n d we d o u b t that they were ever cult ivated. 

T h e m o d e l does n o t ident i fy any areas as b e i n g suitable f o r intensive 
rain-fed agr icul ture o n Kaua ' i , the oldest o f the large h i g h islands. Young col
luvial a n d alluvial substrates may have prov ided the o p p o r t u n i t y for such sys
tems—particularly i n the Mana coastal p la in o n southwestern Kaua' i , where 
i r r iga t ion may have he lped to suppor t rain-fed crops i n a low-rainfal l area. 

T h e nearby is land o f N i ' i h a u includes small areas o f rejuvenation-stage 
volcanic substrates i n the a p p r o p r i a t e age range f o r ra in- fed a g r i c u l t u r e — 
but the lack o f spatially re ferenced ra in fa l l i n f o r m a t i o n f o r N i ' i h a u pre
cludes any GIS-based analysis o f its agr i cu l tura l p o t e n t i a l . 

D I S C U S S I O N 

L o c k a n d Harr i s (1996:215-16) argued that " recons t ruc t ing the evolv
i n g relat ionships that existed between f o r m e r c u l t u r a l a n d physical l a n d 
scapes" is n o t on ly central to m o d e r n landscape archaeology b u t also 
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"par t i cu lar ly w e l l suited to e x a m i n a t i o n a n d e x p l o r a t i o n i n a GIS environ
m e n t . " A t the same t i m e , they cau t i oned that GIS analyses "must be theory-
d r i v e n ra ther t h a n h o p e f u l , hi - tech ' f i s h i n g t r i p s ' " ( L o c k a n d Harr is 
1996:239). T h e r e are n o w well -developed procedures f o r site-predictive 
(see Eber t 2004 a n d Wescott a n d B r a n d o n 2000 f o r reviews) a n d locat ional 
(see Kvamme 2006 a n d M e h r e r a n d Wescott 2006 f o r reviews) m o d e l i n g . 
W h i l e crit icisms o f a n d cautions about these approaches st i l l a b o u n d (see 
Wheat ley a n d Gi l l ings 2002) , M c C o y a n d Ladefoged (2009:271) n o t e d that 
i n a typical m o d e r n " d i g i t a l m o d e l , exis t ing loca t iona l data o n archaeolog
ical sites is l i n k e d to one or m o r e e n v i r o n m e n t a l variables, w h i c h i n t u r n 
are used to assess the l i k e l i h o o d o f s imilar sites i n unsurveyed areas. 
Conf idence i n these predic t ions usually rests o n h o w w e l l the m o d e l ' f inds ' 
k n o w n sites." 

We proposed a landscape m o d e l o f precontact ra in- fed a n d wet land 
Haw ai ian agr i cu l ture that was g r o u n d e d i n theoret ica l u n d e r s t a n d i n g of 
s ignif icant to p o gr aphic , hydro log ic , b iogeochemica l , a n d a g r o n o m i c vari
ables (see Ladefoged et al . 2009) . T h e ra in- fed m o d e l specifies cr i t ical val
ues f o r r a i n f a l l , e levation, a n d age o f geologic substrate a n d focuses o n soil 
n u t r i e n t requirements . T h e w e t l a n d m o d e l h i g h l i g h t s the availability of 
water via streams, the abi l i ty o f specific r a i n f a l l levels to recharge a n d sus
ta in stream flow, slope, elevation, geomorphol ogy , a n d the effect o f topog
raphy o n gravi tat ional dispersion o f water. 

T h e GIS m o d e l predic t ions o f the d i s t r i h u t i o n o f intensive agr icul ture 
a n d the e thnohis tor i ca l , e t h n o g r a p h i c , a n d archaeological evidence o f 
these activities co inc ide i n many places t h r o u g h o u t the archipelago, sug
gesting that the variables a n d parameters o f the models are appropr iate . 
T h e r e are, however, instances i n w h i c h the m o d e l predic t ions a n d the evi
dence d o n o t co inc ide . Th is occurs w h e n the m o d e l predicts a h i g h poten
t ia l f o r in tens i f i ed agr i cu l ture h u t the evidence f o r i t is l a c k i n g a n d when 
the m o d e l predicts a low p o t e n t i a l f o r intensive agr i cu l ture b u t there is 
g o o d evidence f o r i t hav ing o c c u r r e d . 

Some o f these discrepancies can he a t t r i h u t e d to i n a p p r o p r i a t e vari
ables o r parameters i n the m o d e l , erroneous data, o r disturbance of 
archaeological remains . For instance, the ra in- fed m o d e l considers only 
the age o f geologic substrate, r a i n f a l l , a n d elevation i n ca lculat ing soil fer
t i l i ty, n o t the type o f substrate. As most o f the archipelago is volcanic, this 
is generally a g o o d approach , h u t there are some areas, such as K a h u k u o n 
O ' a h u , where i n f e r t i l e nonvolcanic substrates ( for example , calcareous 
pa leodune deposits) are classified as hav ing h i g h p o t e n t i a l f o r intensive 
ra in- fed agr icu l ture . This is clearly i n error . 
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A n o t h e r p r o b l e m w i t h a m o d e l parameter is that the ra in- fed m o d e l 
el iminates any geologic substrate y o u n g e r t h a n 4,000 years. This is d o n e 
because lavas generally take that l o n g to develop deep, n u t r i e n t - r i c h soils 
that can be used f o r intensive ra in- fed agr icu l ture . W h a t the m o d e l fails to 
account f o r is that once volcanics have weathered a n d developed i n t o 
n u t r i e n t - r i c h soils, they can be redeposi ted as recent c o l l u v i u m o r a l l u v i u m 
that can s u p p o r t intensive ra in- fed agr i cu l ture . Several a l luvial areas o n 
Kaua' i c o u l d be cases i n p o i n t , as w o u l d areas o n L a n a ' i . T h e m o d e l does 
not d is t inguish y o u n g volcanic flows f r o m y o u n g col luvia l a n d a l luvia l areas 
because o f the way the GIS geology coverage was coded . Errors or a m b i g u 
ities i n the GIS data can also cause discrepancies between the m o d e l pre
dictions a n d the evidence. I n Wahiawa ( O ' a h u ) , the i d e n t i f i c a t i o n o f areas 
for in tens i f ied w e t l a n d agr i cu l ture is probably due to his tor ica l m o d i f i c a 
tions c h a n g i n g the t o p o g r a p h y a n d water f l o w i n the area. Examples o f 
recent disturbance to archaeological remains causing ambiguit ies between 
model results and ethnohistorical evidence were f o u n d i n Ka'u a n d a n u m 
ber o f other places t h r o u g h o u t the archipelago. I n Kawela ( M o l o k a ' i ) , 
Waimea (Hawai ' i Is land) , a n d elsewhere, slight changes i n the locat ion o f 
rainfall isohyets w o u l d have significant impacts o n the results o f the models, 
increasing areas that c o u l d have heen used f o r intensive i r r igated agriculture . 

N o t a l l discrepancies between the m o d e l predic t ions a n d the evidence 
can be a t t r i b u t e d to erroneous data o r parameters. M o r e in teres t ing are 
" red f l ag" discrepancies (see A l t s c h u l 1990; K o h l e r et a l . 2007; K o h l e r et al . 
2000) that suggest that social or p o l i t i c a l factors m i g h t have been o m i t t e d 
f r o m the models . A g r i c u l t u r a l d e v e l o p m e n t t h r o u g h o u t the archipelago, i n 
terms o f b o t h expansion i n t o u n o c c u p i e d areas a n d in tens i f i ca t ion o f p r o 
ductivity w i t h i n an area, was a f u n c t i o n o f the dietary requi rements o f p o p 
ulations a n d the desire f o r a g r i c u l t u r a l surpluses. I n most cases, surpluses 
i n precontact H a w a i ' i were used to finance elaborate r i t u a l activities a n d 
support a n o n p r o d u c i n g el i te . Instances i n w h i c h the m o d e l predicts a 
h i g h p o t e n t i a l f o r agr i cu l ture b u t the archaeological a n d e thnohis tor i ca l 
data d o n o t verify this a n d the e n v i r o n m e n t a l data a n d m o d e l parameters 
seem to be accurate m i g h t suggest that f u r t h e r a g r i c u l t u r a l d e v e l o p m e n t 
was possible. For example , the ra in- fed m o d e l i d e n t i f i e d an extensive area 
w i t h h i g h p o t e n t i a l f o r intensive agr i cu l ture tha t runs f r o m Waimea to 
Hamakua o n the is land o f H a w a i ' i , e x t e n d i n g a l o n g the w i n d w a r d coast. 
Newman's (n .d . ) m a p depic ted scattered fields i n this area. T h e i n l a n d por
tions o f this zone e x t e n d upwards o f 16 k m f r o m the coast, a n d , as n o t e d 
by Ladefoged a n d Graves (2000) , travel distance to coastal settlements was 
likely a s ignif icant factor i n decisions about in tens i fy ing p r o d u c t i o n . This 
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zone in Hamakua may be an example of an area where further expansion 
and intensification were possible but not actualized. This possibility should 
encourage additional fieldwork to determine whether traces of rain-fed 
Hawaiian agriculture are present in the area and whether the soils are 
indeed as fertile as the model suggests. 

A number of areas throughout the archipelago satisfy the conditions of 
hoth the wetland and rain-fed models. O'ahu has a total of 3.2 km^ with 
potential for both wetland and rain-fed intensified agriculture, and Maui 
approximately 2.5 km^. The archaeological remains in most of these zones 
are undocumented, but the potential for investigating complex processes 
of intensification are there. Many of these areas were probably first devel
oped with extensive swidden plots, which were later elaborated into inten
sive rain-fed and irrigated systems. A measure of the extent of 
intensification is whether landesque capital investments for intermittent 
irrigation were constructed first and intensive wetland irrigation systems 
were constructed later. The extent to which these areas were not intensi
fied to their full potential would suggest that there was still capacity to 
develop terrestrial production within the archipelago. 

* * * 

As indicated in chapters 1 and 2, the particular geological nature of 
Hawai'i—a hot-spot archipelago with an age-graded sequence of islands— 
is one of the environmental characteristics that makes the archipelago 
especially valuable as a model system. When this is combined with the 
islands' windward-leeward gradients in rainfall and with the effects of oro
graphic precipitation, a remarkably orthogonal set of contrasts emerges 
between old and young substrates and wet and dry substrates, all formed 
on a consistently similar oceanic basalt lithology. In this chapter, we have 
used GIS modeling to show how this environmental matrix controlled 
the potential for development of two major kinds of Polynesian agro-
ecosystems: irrigated pondfield cultivation of taro and intensive rain-fed 
cropping of sweet potato, dryland taro, and other plants. 

As can he seen in plate 9 and table 3.1, the resulting agricultural land
scape was anything hut uniform. Whereas the geologically older islands of 
Kaua'i and O'ahu were dominated by irrigation systems, the younger 
islands of Maui and especially Hawai'i boasted vast tracts amenable to the 
development of intensive rain-fed field systems. Although some wetland 
potential was present on hoth Maui and Hawai'i, in sheer area this was 
greatly overshadowed by the rain-fed zones. Our 2009 analysis specified 
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how differences in the area of production for the two modes of agriculture 
had implications for the annual tonnage of crops that could be grown on 
each island and the associated labor requirements. There were large dis
parities between islands, with average annual production per worker being 
niore than nine times greater on Kaua'i than it was on Hawai'i Island (see 
tahle 3.1). Differences in production and labor requirements within islands 
also contrast, and chapter 7 explores variation among districts on Maui and 
Hawai'i Island. 

That a significant wet-dry contrast underlies agricultural variation 
throughout the Hawaiian Islands is not a new observation. Kirch (1994; see 
also Kirch 2007a) pointed to the importance of this wet-dry contrast in fuel
ing the respective political economies of the independent polities that vied 
for hegemony over the archipelago at the time of Captain Cook's arrival in 
J 778-79. In particular, he argued that the greatest political dynamism was 
in the east, on the younger islands—^where the vast rain-fed field systems 
provided a basis for supporting a large population, but one that was often 
at risk hecause of recurring drought. He also suggested that over time, as 
the rain-fed production systems were increasingly intensified, their ability 
to continue to yield increased rates of surplus, critical to the chiefly elite, 
may have declined. 

Our quantitative GIS model, as presented in this chapter, allows us to 
estimate far more precisely the nature of the archipelago-wide differences 
in potential agricultural production and thus both underscores and refines 
the earlier, coarser-grained qualitative arguments of Kirch (1994). In the 
next two chapters, we turn to a summary of key results achieved in our 
archaeological and paleoecological investigation of two of the main zones 
of rain-fed agricultural production: Kahikinui on Maui and the leeward 
Kohala field system on Hawai'i. In these chapters, we address some of the 
issues regarding the chronology of development of these systems, the 
sequences of intensification, the population levels they may have sup
ported, and some preliminary evidence for nutrient depletion over time. 
(We are only now beginning to investigate similar processes in windward 
zones, and we will integrate that data with the leeward findings in the 
future.) After a consideration of some of the key linkages between food 
and demography in chapter 6, we will return to the archipelago-wide 
spatial scale in chapter 7, with a consideration of some of the implications 
of the wet-dry contrast for Hawaiian sociopolitical evolution. 
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