
~ 
u w a 
~ 
~ 
~ 
~ 
0 
~ 

;:: 
~ 

w 

" " 
~ !! 
> 
u 
~ 

~ 
~ 
~ 

a 
~ 

, .... ,-..,..,.. .. -""'''''' .... .,._ ... " • ,,>-- "" .. ......... -
DvO-, ... ~ _ ....... r ... ..- ~ ''''''-' '" _ .. I f'lS ~ """'v'" "'" ...,. .. ~,_ r_ ... ,.,... ... 00C " ...... ... ,,. • • _ .... 

«""1.>-_ """"'" ...... ...,~ ....... . -..;1 ... ", __ .to", ...... ,. .. LO!i J 

.... 0.:_ .. "-* _ '000)' •• ~ _ .. Moo ••• "",,,,,,,, ....... _ 
_ .... ..n. ...... ,. _ ... ........ \)..'V~ ... J ........ _ ...... _. 

,"",4"'" "' __ .. t.08 e ... ' .. ..,~ ...... _ . .... ~ __ " ~:.>s ~ .. -. 

II. T ...... 

..... ...... .......... ..,..... .......... , . .. '"" ... .. ......... , .~_ .... « 1 .... ""'" 

.. _ ~, .. ,....,.,. hot "'_ .... __ , ... ... "" """"'" ........... ..... "'" 

"Y.,._.~"'- ..... '..a:.. .. ~ ... ..,. .. " .... '" ,p"" 

' ... ,>..:, ... "..- .... "'_"" ,, 0,;.., ...... ' ." ." ... ,,~ ............... t ... ..... 

.Y>d ~ _ "".. .".., ... ~._ ~ . . ... ~"""'.5"' '' _ ,.., _ 

... .....,...00' ~ ... ~.""'" .,.,.. ... ,. o"n ........ n W¥ ~ ... , "" .. '''" Pl, ,... .... 
T "~ ~ "" _J'" n "",'", "" III' .~ ............ ~ " ;.. 1W._ ",oM II""" 

- ., --



"_.- ., 

~. )O'! ...... _ ._'" __ .... ,.NO..,..no-.. ........... ,..... ..... 
............... "" . .. ,,_"" __ ... __ '" iri,... .. _·_r ... 'A 
....... ,,~ ""-0'", A~' "-"' , _ . ........ .\<0 ... -. ... " . 

N,.,.. 5<0,,", ~ .. , _ .. _ '" ,.., ....... 0--... .......... _" ..... ,aco 
k>20' ~ 

f ..... """'lI'_'" "' • ., .... , .... '.n .. .,.,.~ '",.,,, .... ~ ,""' .... 
• ....... , _ d"-, __ ., , ," ""',, _ • .,. "'" -'''' .. ' ' "" """""'" 
...... . ...... "'fI ~_.,. ", __ .. T"". l. 

... ".. ......... ""-_::t .. ..,"""' ..... ur" .... ...... '=""'J ",,,, .. <*1<00 

,,;,,.'" -- '''' . .-...".. ...... -"'"....- .. - ..... , .... ..., "' ... 
,""'" _ ... _"'; _Il;" ... ...... .. .., .. _. ___ ... 'Ii • < ,,"''''- , 
__ ",",,,,~,,,,,,,_,,,_,,,,,£ .• , .... .. J("C«r'''''''''''''' 

"'" 
1_ 3 "''''''" '''' ......... 0'<Ij0d """.. ... "" _OG .... 1iI""" ..... --
,'",., ... ......-",,,, '''''''....- , ............... ~ ............ _ ... ..-c .. h '.'!<. 
1_ • ~" __ .... """'"' ........- '" .,...' .... ' ''''''''''- '"' '_'''''i ,. .... f ".,. -
,, ~. ~., '" .... ,""" ..... ''''' "" .... "',,," '-- .. "'" - ""-" 

- ., 
.,.: ... -



' ..... . O(o ....... ... ·;,n~ ...... "!I.'I: ..... ,n ... 

Tho "o""."~ _" ... _ , ... u. "...., ",.~ ~ " .. ""'" _ .... "'" '" 

... Q1l "'''' """", ~'" ." .. " .... _i~:.m .... u .... ""'"'" Tho . .. ..-,""'''''' .. "","', .. 
T_' F ....... · ... ~_ • .-.-:, "'_ .. t>o • • • ~ ..... ,..,.,.-- Il;.z. , ....... 

.-: ...... CO ,....-... ,..-.... --" _ "'''' ... '",,_. 

,-~----._- " 

T ... ""."'"'l'I"" ...... ...., ... ...-_ ....... 10 ' ..... _ "'_ , _ ,_ ... 

~._""_ .. _~ ..... '"-W. __ .. _4-h ...... .. '_ ... ~ 
"'~ .. __ ~ .. ".,_ ....... J. __ [ ................ .. , .... ,-.. 
... ..... ....... _"'C _ rrll" .. II' ..... 0., ""'" _ .. ".",... To, 

""""c ~ "'" • _ .... .- ." Oft ..... 'I '. __ ''''''.... .. .... _ . ,-.. 

-.,'" ... --- .- .. . - .... ~". "" .... '''''''''' "" .... """ .. j '" 
W, .... ,. """."~ .. """,, "" "'. <O il" OII" . ... na .. ,-'" 0"-

1 ... "" .............. ,,_ • • ..., I .............. .>od 20.).- -.. ... , "'-'" 

. .. " ...-,.r ....... .. 

I . P~lGIlOpoo .. _ ..,' ... , ..... 

' ... ,,,,,,,,,.., 20') .... _ ..... . ,,,........, "' .. "'" ,,, , ......... .... , ~ ... '" 

"' ''''-' "'_ft 

T,,,,,, 0'""""",, "''' I . .,. ..... 1,_ 

--. II .. _.-.of 



~ ~ 
w u 

" w 
~ 
~ 

§2 
<3 
~ 
~ 

" " ~ 

!j ~ 

• F 

~ 
!! 

, 
1: 

• " 
~ 

• ~ 
> "' ~ • g • 

w 
~ 

"' u 

u 
~ 

~ 
w 

<3 
~ 

~ 
~ 
~ 

~ l'l 
, 
• I 

• • , , , 
• , • 

, 
d~ -•. .. .. _ ... . -. ..... ---



"'"1<'0'0 " .~~" 1. " . 1,.,"" " "'-..... , ___ 0, ,,. .. ,,_ .... .... , .. 

fb,J (0. ..... "" ' .... h~._ , .,.., "'-., _ ...... "_ -.. --.,., ... 
_ ........... _"" ................ :oe .. ct< .... ..... "--'1)" """" " ,o' 
• --..,.._ .. ........ ........ w ....... .... _. T .. _ ..... ""_ ~ .... • .... __ .. 

~ .... _ " .. , ............ ou-a .. _ ... --. .... to. _ .... .......... '" "'""""" 
~ .. _. __ .. "" ... r-r_ ... ___ " ...... ......... -
___ .. .... 00.< or ... .. _~ ___ ... _ • .-0-.-""" eoo..oo. ... "' ... w 

.. ... _",,-_.---... , 

...... ... _- ,.-, "'~ .......... 
--~ 

•• 
0.. ... ~~ .... '>:" .. ""'...-..- ....... --. ... _>«._"'_ ..... lCG 

C ... ...,.. ....... ~ ............. ",," .... 1-"'- ~ "'_ .. "' .. _ ,nus D 

......... ' "" ....... " .... """" ........ __ ..... "' ........ CCH O,J .... · .... " 

«"'S t C"' " . l. " _to ...,. .. ..,.,.._ ,. , ... C','OII ....... ' e' • con:oc- '* • 
.. ~r .. ·•· .. i 
_~ " .. '''-Y .",.. ....... - --- '"'" -.;.....,., • ..".- ~ _ ... 
,n'" ... ' • ., .,..... ..... " • -

.... >,.,..,.. ~ ....... 1, , ... , 1,,, ... ::<,,,, .. ","x'", .... , .... / .. , tIO.."._ 0<:: .... ~ , ... 

_ , __ ._ ... "-.AI ..... ~ ~F-. _ ", ,, .r.o .... .,. - ... "" ... 
c....., ... , .. "" .. , ....... _,~ , .... '''..,.,_ .. l.OIt." ....... -_ .. ' 
.......... .-... __ ... O~ " '._ .... "" ........ _ Dt.+-o""' .... 
~ ... .... ...- ,,""'. __ 0: __ " LCS 1101 __ .. _ _ CO" " " 

.. ,CIj • go..... ~ ... _ "'" ~., .. ...- c .. """ .... _ ",,.. ,-:m _ ...... _- -_ .. "" .... ~ .... ,.,--'-' ........... _ ..... _ 01 ..-_ 

,o.. ......... __ 11)1 "" .... " . , ...... , ,~ • .,"'_0" _ ..... y.o ... -,. 

~ ....,.., ".,.. ' '' • • '' ",j .. __ '" ",or" .. L.O!I ~ .. ,-"'" """ ........ " .... , 

"" .. , ... ,." 

T ......... .....,., _ ~...,,,.., as " ,r."",,,",,,'''' "'Igf' "" ..,.. .... .... - '''','". 
"" .. , .. ",,<,...~ "' '''''' To-. ........ 0< . ... , .......... _ .. ~.-- '" _ ... .. 

L~ e <-"~ """ ..... "'-. ""' ...... ..... .. oct. 'I . n ... _ ....... ~ " • 
• ... <>0< "' .. ",: ....... .... .., .. -~ .. , __ ........ , 

n,. ___ •• , .. _._ ... , . ........... __ - _""" .. ... .. 0. 

," __ .. ..-._ ..... """000< ., _,.,. .. LOI! C", '-<l"">II"'" 

-.,." ... "," " 
............... ,..,.... ,. 'lUI 



~. l ...... , 

... ' .. v, .... * __ . t". _ _ --.-.. ,.., . _"' , ... . no>: . .......... 

.....-10 .. "'..., ~ .. , ~ ..... ", .- ........ eo.-... " .. ,....-...- """""'0 
''''''_~''_'' "", '_IO''n_''''" T", --'''' .... .--.. 
....... " ... ' . _ .......... _~o.: .... .. ", _ ""' ... , C __ .. ..,. 

o a.--...,"''''''<>poo._. __ 
0. ......... __ .. .".::,,, .. ,, _ ... <to v-_ ,""""",, "" .. "-"'" 
~'''~ .• ~'''''''' '' ....... ""., -.. "",,"" ""'" ... """' ... ~~.", "","" .. 
~'O"."'" '\'0",. I ...... _ ... " .. _ r ..... """'. "'" ,~oh '" ~ ....., 
.. ... ' '"<'I'C>", .. --. ..... ~'I'..-. n. __ .. _ .... ....,. ..... 
<'JO:O; __ ,...._" .".,. ___ 0.1. ... Lea ..... __ .... ,.,.. .. ~ 

.... "' __ ON"_ '-'_.:_ y. 

•• 

.. C_r ..... 

• , ., I ... "", ..... do..,.. c._ ~ KI", . ......... ... . __ ., ........ .... .... . ... d._ .. .",. ... """-.. ... ...... 6._ ... ..... 
or ; "'" , ....-...- _ rIO ..... ''''' "" .......... , ,.., -.; _ 0-""" .... .. 
""""",""''''' '" 111< "*""" ~or .. ..... , 

E.,., ..... ' ,.., ""' .. "" 0"",,,, " ..... """"'" .... " ,"'ir~ oro """""" _ II> .... ..... . _ .. """"'.-....,., ,-... - ""- ,.....-
. ~ ............... , __ '" ""_ r_ -, ....... _ ; __ ..

,,,,",,,,, ~ ,...,,, '" ..... ~ ... ~'-"'" 
... .. ---- - .... _. ... __ .. , ... 7A>d ..... .._ .. . ;. ... 

" 
.... -.. ......... - " ,..,cOng .... "'. - --""- ~,~-~ 
R .. n ... ,.:o>o,_ ... __ -''''''' ........ h ... .,.... ..... 

" :.,.."'" ~,""',_ .., UH<c_ ", .. -"'''' """'''''i . ..." """"'> 
... _ .......... ~ .. ... ~ .. NC."".,..,.. • • ~ ,..IV:<: "' ......... , .. _, ......... _ .. _"'--

--- ." .. ~ ....... ---



'0 .-
-".;. ~ 

"''''11\1 , ,,ft l,O ... 

;---------------------..--------------------:.~:: ... ::,.;.~" ~ r ... _ IC::O 
•. --



v'''~''_ .......... m·' ·' .N'' '. ... ~ .. - .r;: --.- --_._._- ------ .- ... -_ ___ 1-

b .... ........... · ."Cf" ·"m· rr -----'- .--.-- ------- --------- I --- F· 
_._- --- ------ -------- -'. ~ .. -:r - • .. .. • -- 0 ' .. 0 ---- .. n 

:1 - - • • · • • • • • • -- · · • • • • • • · • • , • • • • • • • • • • -• • · • , • .. •• • • • • · · · • , • • • • .. •• 

------.-.. 
• , , • • - • , • , • • , • • • • , , • • , • • • • , • • • • • • -• • - - • • • • • • • • • • , , • , • .. • • • • • • • · • • ••• • , • • " • • • • • • • • • • • • • • • • • , - • • .. • • · • .. • • • .. • • • • • • • • , • .. • • • • • • • • , • • • - , 

• • , • • • -• • • • • -• • • • , • • - • • • • • • • • 0 , • o. • • • • 0 • • • • .. • .. • • -.. • -• • • -• • , .. 0 • , 
• • • • • • • • • • - • ,. 

• • • • • - • • • 0 0 .. • • • • . , • .. .. .. .. • • • • ,.-
• • • • " • .. • • • • :1: .. , • • • , • , .. 

• • • • • • - • , • , - , - • • • • •• , • • • .. • • - • • , • , , · • , .. • .. • • • • · .. .. , • • .. - • • • · .. _c. 0 • · • • • , ,. •• • .. 0 .. " • , • • • • • .. ,. • • 
.-~ .. 

• • • • • - • • .. • .. 
• • • • • • - , -• • • .. • 0 • • • • -• .. 

• • , - • • • .. • • .. • .. .. -.. • .. .. .. .. • .. • 
0 • , .. • . · • • • • • • , , • • • • • • • • • • • , • -... , • • • • • • • • • • • • .. • • , • , • - • • • • • , • -• • • • • • • • • , • • " • 
.. • • , • " 

, • • • • • • • • • • • • • • • • , • -.. • " • • • • • • , 
• • • • • -" .. • , 

• " • • • • • • .. , , • · " · • • • • • • • .. , • • • • " • , " • " • • • • • 
.. 

" , • • , • • • • • • .. .. , , .. ,. .. , , • • , .. .. .. '.'-. , • , • 

• , • • • • • • • " • • • • • • • • • • • • , - • • " 
, 

• • • • • • , • • , • • , , • • , • , 
• • • • ,. .. - • • • , ...... , .. • .. • " 

, , • -• " • • • • • ... • • --.. , 
• ," .. , .. • , .. , • , ," , , • ,-.. ,. , , 

• , • , .. • • , • • • ...... • , • , 
• .. , .. " • , • .. .. • • , - , • • -.... • , 

• • • • • • • • • • • " 
.. 

• • • • • • .. • • • , • • • • " .. • • , • • • • - • • • .. , , , .. • • , ,. • -.. , .. " ". • • - .. '. • • • • • .. • , , .. • - , 



•• _ ... . 
lAWI ...... _ .... _ 

1 ... ~ .... ,. __ .... ,_'"' oJ _(l.OS~."_ .. ~_", 

............ '"""',.,...,.,... ..._ .. Sew-oo ......... _ ....... ,....-
__ .... _ ......... "' __ ... _ "' ....... ..-e .. _ . 
~""" ' ... "" .... , .... ............ . . .J .... , ......... . 

... ........ _ ...... _ .. _c.o,...,.,. y __ .......... ...." 

"' ... , -_ - - __ - ...... ,., - ....... "" .... ,,,.... """"""'11 __ .... '" 

:1"0 loll .... ..;"_ ,. ... ,..,., RlKd)' """ ... " "" _ 

"", ... ,," ...... ,. ... __ .,. ,.......-. ~ ..•. " .. , ... ,. 
_ , ........ ' .... """ _ ......... ""'~"" .. 00 ..... " " ... "~"' ......... , it'O 
..... ..aoo. 

-_.- • 110_ .... 
.......... "'::.0 

~. 

- -----'" ..... -



,,~ '''' ... ,''''''''' ,., ...... "", c",pod:y """""~ 
" <~ r .f< ...... & K, ",on-, ft " " . 

C 

" 

" , " " . , •• • 
t · 
• 

~ 

, , , 
", , .. 
'" '" , , 
• 

-
, 
'" " 

.. 
• ... " 
" 

, • 

-, , 

,-
) ~ 

, < 1 ? ~ 

'. " " '" "" , • " 

to.' ......... ,Oh>C, ." ... """,, "".,0, A"""i' ~ 
J J{,."""." >,....,." 

_._!o<": 
""_"':9. _".i,,,, 
, ,n''!. ,-- ."""'.',~ r.,.,...iI.,_ , 
'-,>:00-": 
,,",~"'~I<l 

... --'" "" ...... e< -,.;. L ..... "~ 

C 

,. , ,. ., 
" " '" - -" ~ 
" , 

....... p~~i. • ...,"--.. 
' .... "..,-,... 

~ -, • 
• 

'" 
'" " 

'" "'" ,., "" iU , ~n , 
> ,ot , 

1-" ,," 01> 
" ., " ).- . , .. -- "", 
'" .~ "" m Ilk. ".1_ 
o. '" , 2. 

• •• 
" c" 
'" ,,,, 

.:""'" 
) ~ 

, < 1 ? ~ 

, " , . " • -'''- '.'" ,. '" • '" • '" ." 
.. 
1>: ,. 
" ." • •• •• , 

, --



t1C>I&V_ .. _,~ .. ~, 

<o".,P""'''''jA_ " , - , C - , 

0 • • 

'" ." .. '" '". .. '" o. 
•• •• '" .. .. . "' •• ~ .. ~ ... ., .. " .. .. .. .. ... 1/.1 ... ~ ... • • • • • • • •• ., 

• • 

...... -'" ., ",,_ .. s.-

" 

, I , 

• • 

• .. 

"" ,. • •• • • •• ' . 
" ". •• .. " .. ... ~ " • • • •• 

., 
O 

---."-, I , 
• -

• •• 
• • 

• 

~ ,. 
•• ., .. .. 
" 

, 
•• .. , • •• 

...... ,. _. 

~c .. 9;<:_.- .. ...- ::0"'"0 ... __ 

1: ~ocg. .. I'.' ...... · 1 NSA r".·..". 

• , 
" .. ., 
<t • .. •• •• .. 

• o. '" '" •• , . "'- .. ~ . . " •• .. •• , .. -"- .. . , ," ". .. ,,- ._01 .. .. .. .. .. 
~. .. .. .. .. '" ...y ", ... , • • , • -"""'/ ... .. --- " • • 

It. ~ .. _~. 

""-~-

• • 
'" .. 

•• ,. ." " •• •• . , • • ... .. .. 
•• , . •• •• .. .. .. .. " .. 
•• ~ .. , •• ." • • , • • ~ ' .. • , 

" 0 



I-~"~"" .-.....-c..r.w ...... ·-Mi"" .2:_ ...... · .. & V......,..>IiI 

-

....."" ... _--

W 
~ ., 
~ 

" ~ , 

.. 
,. ~ ,., .. 
'" '" " ,-., ." , , . , '" , , 

,,-, 

n ,. 
'" ~ " " " .. • ' . 
" " " "' .. .. , • • .. , 
.. ~ ..... ~ w_ .. _ 

-~---

,-, , 

- CM "" ........... ___ ... c..". . .,. .... ,.... _. -

•• , . .. .. 
•• " . .. " " " • , 
" " • • 

'" . , • 

, . 
m ' • 

" , 

.. · ~ .. _ OOI ... ,_ ......... " • 

,...--, -

--~ , 



.. aou ... ~,..........."~,,,~ . 

, .. K, f<"!' PO_ "", K.", OJ P' ''''''", ~.,. .o..x ... - , < - , , 
, , , 

~ • 
'" W ,. ,. , , , , 

- -.. .. - ~ .. 
- .. .. .. .. .. 
" .. .. 
• • • '" '" .. 

.........,' ... ' "' HI 'I, D, 0 "", 
~ - ," .. , " '" " " '.~ .... ... , , , , , , '.-..... , , , , , .. , . ,. ,. 'm .. ". ,,"' .... ,_. .. .. " 

,,, 
'" '" ~lo.,. ... ", , , , , , , c. __ ~ 

'" .. " " .. .. 
,-' '''' -""":. .. " -""" 

~~ Lo.oO ~"_ 

" • , , 
• ,. , .. , .. , 

""'"_>boT , -. .,... 

- ,'.' 

" ::"OJ<rtog ;.. """ r........,....e~I)_ ..... 
" -....... ~ .• -'" _. _ ... , ~ ... , ,,, """" .. 

.> - , , .> -
.... ""'0-_ , • , , , ,--, , ,. "' , , , 
~~. .. '- b - • .. .. _ .... ,- ,. ., ," ~ ,. ,. ___ :-000 , .. .. , , , -~-. 
' ...... --.., ----,----. --.......... _-,- .... ,. ~ ,,-..-----<-- 0 ' • .. 
"" "" ~ .. . .a._, ..... .... - .... • " .. 
,;. _ 00; " .. .. 
0'- • 
" " " .. 
.:-.... • • • <II ...... ..... , " " " Nt ' .... " . ", .' '"' .. 
-~ 

, .. ," , , -- , , , , , -- , , , , .. '" .. , . • .. 
'~ . ..- " ,. ,,, ,. W 
<>. ........ ... .. , , , , 
~"""Oi .. • " ".1 ' .. 
' .... 0' • , • 
-~. .. .. '" ''''~'' '" , 

QJ _~"-

." """ ""-, 
"""'" 

-, '.' 



>'CM~lT_ h'_,...., C_~ ........ 
1: ~"P_ PI''''''',' S R:.a:I C 

" 

, .. ." .. ", '" .. • '" ., " " , , ., " ., .' • , • 

•• , . .. 
0' ,,' • .. 
" . ' 

" '" , • 

.. ~ .... -,. "' ..... -

--.- .. ~ ... -~.-...... , ' ................ ........ ---

• 
" 0 ' 
M 

" "---". ." " " ' 0 ,. ,. ,,- , . , .. '" " .. .. .. .. ' . 
" " " " " . , .. " ,,' " • , • , , 

"' .. , • 

'" , 

~,. s.;r_ .... _: __ Ijt ..... ~ .. 
''''''O-~ P' ~ ''3' 'NSII:!.'' ,...., 

" .. . _ou ... .- " " ,. 
~- . , '" "' 

., - ,- .. .. .. 
.......... "'" J> " , 

" -. .' ~ '" ..... ~ ....... , • ___ (01 . , 
-~ • 

, 

.. , " '" '" .' ' . • 
" , ' .. ." • , ., , 

...",,,,~ ... 
:u_~_ 

--... -~ --".._ ............ ".-

, , , 
" 
U 

" ~ 
" ''"'' 

• 

,. 
O • 
'0 

" ." , 
," • 

• -

.. 
• 

,., 

'" '" .. M ,. L • .. .. ' . 
" " .. 
'" "' .. , , • 

0' , 



~UoO 8".._ h-.....,,,,, 0:-_ .. ~Wft , 
" _ .. A ...... , !(.o ~11i:",. U - , 

• • • • .' " • • ., • '- - -• • • • •• .. , 
,. ~ , .. . - ,. U ' " .. ... ' . 

-"'~ " ", ," •• •• " " .....,._ .... .. , . .. •• ' . ,. --." " .. .. .. " " -.: '" " . , .. .. .. ... . ""- • , , , • • _"""0: .. '" " _""'" , , • 

\,00 ....... " .. ,,-.. ... ~. 

-_ ... _ ... __ ..... _ .. _---

.. 
• 

"""~ 7-""""'''''~'~-~' 1, ,,' -

• .. . , •• 
" -,. .. .. ,., .. .. , .. , 

.. 
' .. .. .. 
p 
n .. .. 
• 
'" 

, 
. , - ~ 

• 

... ~ .. _:o 
"',..-"-

--... ........ ......... '" - "-- ............ .. --' 

., 
• 

PlAf>t .. _ 
'0:.'1. 

... , .. , -
'.' 



tlC.-.,..,.... 200 .... _ CO<""<I __ 
,.,. """*' _ .. ~) ' ~ _ ... ~ .. ~ "",n. 

. .. 'l' .... 

--~......... ;.01 

- , 

" 

r 

" 
"" " 
u -'" 

.. •• • 

, 

--,,, -
." 
" 
" ," 
'" 
, , . " , 
" 

" 

_ .......... _ ... Ir __ ... _ -.._ ...... .. -

--.. 
" • -

, 

_ """V ... ...., '<0--~I)' ....... ,.,.. 
r Rm ........ ~·_~_, ...... _.s.r.1<ftOa .... 

~-
, , , , , 

~-, , .. "' , , , 
.... "'"'" .. .. ~ - • " • '''' ... ·r_ '" '" ,;, '" '" '" ........... ' .... • .. ~ , , , -.... _" 
~",.,- """ --• .. - '-1 .... 
-~ --...... -....... 
-_I~ "" ... 000_ 

'" " I." <-- • • -... -, ... ' .. ""' .... , ..... or. _ .... • .. -0:; .• ,.." .. " u . '- " •• " " U .._A ... . , , • ... -... ~. - • • 
"" ... ' ... , •• " , , ...... "" • , , , .. ~ • • • 
~ - ,. .. , . • 
--~'- · , ,. .. .. '" -","~ .. ,., , • • , , 
"*' '''~ .. .. " .. ". '" _ .. , , , 
-"'.1>1 " u ", -- , 

-" .. -,,-,,--- •• CJ,_~,,_ 

-'-~ " 

_ ... . . "'_ .. _ ...... r-..a ... ... _ --

, 

-'~. 



 
 
 
 
 

Appendix B 
 

2011 Traffic Evaluation Update 
  



TRAFFIC EVALUATION 

Ka Makana Alii 

Ewa, 0 ahu, Hawaii 

June 2011 

~:! 
= .'"""§e; 

Over a Century of Engineering Excellence 

TRAFFIC EVALUATION 

Ka Makana Alii 

Ewa, Oahu, Hawaii 

June 2011 

Prepared for: 
DeBartolo Development 

7001 N. Scottsdale Rd Suite 2055 
Scottsdale, AZ 65253 

Prepared by: 

PB Americas, Inc. 
American Savings Bank Tower, Suite 2400 

1001 Bishop Street 
Honolulu. HI96813 

(SOS) 531-)094 

PB Reference Number: 
16460A 



II. 

III. 

IV. 

V. 

VI. 

INTRODUCTION ... 

EXISTING CONDITIONS ... 

TABLE OF CONTENTS 

A. EXISTING ROAi)WAY NETWORK .. 

. ..................... 1 

..................... 5 

. ............................ ,.5 

B. EXISTING TRAFFIC VOLUMES .. . ................................................ 7 

c. EXISTING TRAFFIC OPERATIONS" . ............... 9 

D. SUMMARY OF EXISTING OPERATIONS. ..11 

PROJECTED 2013 CO N 01110 NS WITHO UT PROJECT ... . ................... 12 

A. PROJECTED 2013 NETWORK WITHOUT PROJECT .. . ....... , .................................. , .... 12 

B. PROJEGTE 0 2013 TRA fFIG WITH 0 U1 PR DJEC T ... . ... 14 

c. PROJECTE D 2013 0 PERA TID N S WITH 0 UT PRO JE CT '" ........................ 14 

D. SUMMARY 0 F 2013 0 PERA TIO NS WITH 0 UT P ROJ EeT .. . ............. 17 

PROJECTED 2013 CONDITIONS WITH PHASE 1 .......... 18 

A. PROJEGT-RElA,ED TRAFFIC VOl.UMES .. ..18 

B. PROJECTE:D 2013 0 PERA liON S WITII PROJ EeT ............................ "." , .. . .... 19 

c TRANSIT .. .. ........................ 24 

D. SUMMARY OF2013 OPERATIONS WITH PHASE 1 ' .. .............. , 24 

PROJECTE D 2015 CON DITIO NS WITHO UT PROJECT .. .. ................. , 25 

A. PROJECTED 2015 NETWORK WITHOUT PROJECT .. ..25 

B PROJ ECTEO 201 5 TRA FFIG WITH 0 UT PROJECT .. . ...................... 25 

c. Pf10JECTED 2015 OPERATIONS WITHOUT PROJECT .. . ........ 25 

D. SUMMARY OF 2015 OPERATIONS WITHOUT PROJEGf .. " . ................ 28 

PROJECTED 2015 CONDITIONS WITH PHASE 2 ....................... , .. "" .. , ........................... 29 

A. PROJECT-RELATED TR.AFFIC VOLUMES .. .. ............... 29 

B. PflOJ EClED 2015 0 PEi1.A;IO r.iS WITH PHASE 2 .• . ......... 33 

PB Americas Ka Makana Alii 
June 2011 

C. Ti'li\NSIT.. 

D. SUMMARY 0 F 2015 0 P~RATION S WITH Pu ASE 2 . 

VI!. CONCLUSION AND RECOMMENDATIONS .. 

A. CCNGLUSION .. 

B. RECOMMENDMIONS .. 

TABLE OF APPENDICES 

Appendix A Existing Traffic Data .. 

Appendix B Level of Service Definitions,. 

Appendix C Intersection Capacity Analysis Worksheets. 

PB Americas 

..... 36 

. .. " ...... , .......... , ........ 36 

. ........................ 37 

. ... 37 

...................... 37 

. .................... A 

. .. B 

. .•................•.. C 

Ka Makana Alii 
Jlme2011 



TABLE OF FIGURES 

Figure 1 Area Map. 

Figure 2 Project Site Plan (Phase 1) .. 

Figure 3 Project Site Plan (Phase 2) ........ """" .. ,, ......... 

Figure 4 Existing Lane Configurations .. 

Figure 5 Existing 2010 Traffic Volumes" 

Figure 6 Future Developments .. 

Figure 7 Year 2013 Traffic Volumes Without Project.. 

Figure 8 Phase 1 Project-Related Traffic Volumes" 

Figure 9 Year 2013 Traffic Volumes With Phase 1 .. 

Figure 10 Year 2015 Traffic Volumes Without Project .. 

Figure 11 Phase 2 Project-Related Traffic Volumes .. 

Figure 12 Year 2015 Traffic Volumes With Phase 2 .. 

PB Americas iii 

........ 2 

. ............... 3 

............ .4 

............................. 6 

........ 8 

.. ..... 13 

.... 15 

.......................... 20 

...................... 21 

.. ....... 26 

. 31 

................... 32 

Ka Makana Alii 
June2011 

LIST OF TABLES 

Table 1 Existing LOS ... " 

Table 2 Projected 2013 LOS Without Project.. 

Table 3 Ka Makana Alii Phase 1 Trip Generation 

Table 4 Projected 2013 LOS With Project .. 

Table 5 Projected 2015 LOS Without Project... 

Table 6 Ka Makana Alii Phase 2 Trip Generation .. 

Table 7 Projected 2015 LOS With Project ... 

PB Americas iv 

............... 9 

... 16 

................... 18 

. ... 22 

.................................... 27 

. .................................. 30 

.. .............. 33 

Ka Makana Alii 
June2011 



I. INTROOUGTION 

The flew Ka Makana Alii commercial development will be located in the heart of the rapidly 

growing Ewa plain. This includes the communities of Kapolei, Makakilo, Ko Olina, Ewa, 

Ewa Beach, and KaJaeloa. There are many planned developments proceeding through the 

planning, design, and Gonstruction phases in the area such as the East Kapolei residential 

communities planned by the State of Hawaii Department of Hawaiian Home Lands (DHHL), 

the University of Hawaii-West Oahu (UHWO) campus and adjacent development. Gentry 

Homes' Ewa by Gentry Makai, Haseko's Ocean Pointe, the Hawaii Community 

Development Authority (HCDA) Kalaeloa development, and Aina Nui Corporation's Kapolei, 

West Kapolei, and Makaiwa Hills developments. The proposed Kroc center is located 

mauka of Ka Makana Alii along North-South Road. A map of the area is shown in Figure 1. 

Ka Makana Alii consists of Phase 1 and Phase 2, shown in Figures 2 and 3, respectively. 

Phase 1 consists of approximately 200,000 SF of retail commercial and will occupy the 

western portion of the project site. The primary access will be at Kinoiki Street. Phase 1 is 

projected to be completed in 2013. In Phase 2, the entire project site will be occupied and 

an additional access will be opened which will form the south leg at Kapolei 

Parkway/Kualakai Parkway. In addition to nearly 900,000 SF of retail commercial. Ka 

Makana Alii will include office and hotel land uses along with a movie theater. 

Roadway infrastructure is a key concern in the area, and there are several major roadway 

projects that have been completed or are in progress to address this concern. The State of 

Hawaii Department of Traflsportation (HDOT) has constructed Kualakai Parkway (formerly 

North"South Road); in February 2010 as a flew arterial roadway with a new interchange on 

Interstate H·l Freeway. DHHL has cOflstructed the segment of Kapolei Parkway between 

Kualakai Parkway and the Villages of Kapolei. Fort Weaver Road has also been recently 

widened. Fort Barrette Road widening is planned to be completed within the next 5 years. 

Phase 1 of the Kapolei Interchange project has been completed in early 2011. 

The purpose of this report is to determine the impact of the Ka Makana Alii shopping center 

on the roadway network and to identify any improvements or mitigation fleeded to 

accommodate the development. 
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II. EXISTING CONDITIONS 

The proposed Ka Makana Alii development is located makai of the intersection of Kapolei 

Parkway and Kualakai Parkway. Kualakai Parkway was opened in February of 2010. 

These intersections and their lane configurations are shown in Figure 4. 

A Existing Roadway Network 

1. Kapolei Parkway 

Kapolei Parkway is a six-lane, divided major arterial roadway. Ultimately it will provide 

significant east-west mobility between Kapolei and Ewa. Until 2010, Kapolei Parkway was 

discontinuous between Kapolei and Ewa. With the opening of Kualakai Parkway, Kapolei 

Parkway is now continuous between Fort Barrette Road and Papipi Road. The pasted 

speed limit on Kapolei Parkway is 30 miles per hour. 

2. Kuatakai Parkway 

Kualakai Parkway (formerly North-South Road) is a four-lane, divided major arterial 

roadway. While currently striped for four lanes, It will ultimately be six lanes. Kualakai 

Parkway connects Kapolei Parkway with H-1 Freeway at a diamond interchange. Its 

intersection with Farrington Highway is a major signalized intersection. Kualakai Parkway 

forms a signalized, tee-intersection at Kapolei Parkway. The speed limit on Kualakai 

Parkway is 35 miles per hour. 

3. RooseveltAvenue 

Roosevelt Avenue is a collector roadway providing east-west circulation w~hin Kalaeloa 

(former Barbers Point Naval tdr Station. Roosevelt Avenue is a rural. two-lane undivided 

roadway with exclusive left-turn lanes at some intersections. The posted speed limit on 

Roosevelt Menue is 35 miles per hour in the project vicinity. The Bus Route 41 serving Ewa 

Beach and East Kapolei runs through Roosevelt Avenue. 
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4. Kamaaha Avenue 

Kamaaha Avenue is a four-lane, divided neighborhood collector roadway that provides 

access to the Villages of Kapolei development along with Kapolei Middle School. The 

speed limit on Kamaaha Avenue is 25 miles per hour. 

5. Kinoiki Street 

Kinoiki Street is a collector roadway providing access to Ihe East Kapolei I. While currently 

terminating within East Kapolei I, Kinoiki Street will eventually continue north, meeting up 

with the future east-west collector road. The speed limit on Kinoiki Street is 25 miles per 

hour. 

6. Renton Road 

Renton Road is a four-lane, divided collector roadway providing easl-west circulation and 

access within Ewa. Its western terminus is at a stop-controlled intersection with Rooseve!l 

Avenue. It crosses both Kapolei Parkway and Fort Weaver Road, terminating just beyond 

Fort Weaver Road. The speed limit on Renton Road is 25 miles per hour. 

B. Existing Traffic Volumes 

Manual traffic counts were conducted on Tuesday, March 30, 2010 during the AM and PM 

peak periods at the following interse ctions: 

Kapolei Parkway/Kamaaha Avenue 

Kapolei Parkway/Kinoiki Street 

Kapolei Parkway/Kualakai Parkway 

Kapolei Parkway/Renton Road 

The traffic volumes were then summarized into AM and PM peak Il0ur volumes shown in 

Figure 5. The AM and PM peak hours were chosen to determine the effect ofthe shopping 

center on the periods 01 maximum congestion on two major Ewa arterials. The study AM 

and PM peak hours were 7:00-8:00 AM and 3:30-4:30 PM, respectively. Appendix A 

contains the haffic count data sheets. 
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C. Existing Traffic Operations 

The study area intersections were analyzed using the methodologies for signalized and 

unsignalized intersections outlined in the 2000 Hiahwav Caoacity Manual (HCM). 

Operating cond~ions at an intersection are expressed as a quamative measure known as 

level of Service (lOS) with letter designations ranging from A through F. with lOS A 

representing free-flow cond~ions and lOS F representing over-capacity conditions. level

of*Serv!ce criteria are described in Appendix B. Traffic analysis worksheets are located in 

Appendix C. The results ofthe intersection analysis are summarized in Table 1. 

Table 1 Existing LOS 

AM 
Existing 

LOS Delay 

KaDolei Pkw & Kamaaha Ave C 31 

~~Iei EB Left D 42 

~g!,?i ~B ThroIJoh-Ri ht C 35 

KaDolel WB Left D 39 .. _- -
Kaoolei WB Throuoh-Rioht C 33 --

_ .. ,!Samaaha NB Left ---,~.~-~- 24 

t-_~.rD~~ha NB Throuoh-Rioht C 32 

t----!<.§l!!'_aaha SB Left 0 36 

Kamaaha SB Through-Rinht 6 12 

Kapolei Pkwv & Kinoikl St _~I1_~i ~.!!I!~d 
Kapolei EB Left A -.. ~ - -~. 

9 --

f--!5.i!!2.!!,J~ SB Left C . ____ ~1. .-
Kinoiki SB Riaht A 10 

-
Kapolei Pkwy & Kualakai Pkwy 

" .. --- B 14 

Kapolei EB Left 6 16 

Kapolei EB Throuah A 4 

Kapolei WB Throuah B - _. 15 

Kapolei WB Ri(tt:!L B 17 

Kualakai SB Left B 17 _ .. _-
Kualakai S BRight B 16 

Delay IS expressed In seconds per vehicle 

LOS 

B 

C 
B 

C 
B 

C 

C 

C 

B 

Unsi 

A 

C 

A 

B 

B 

A 

6 

6 

B 

B 

PM 

Delay 

2. 

31 

19 

26 
16 

20 
22 
26 

11 

nalized 

8 

16 

9 

12 
16 

6 

14 

. -----~ .-
13 

13 
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Table 1 Existing LOS (cont) 

I AM PM 
Existing (continued) I LOS Dela" Dela LOS 

-
Kapolei Pkwy & Renton _Rd 

~--,~-~~-

B 17 B " Kapolei EB Left 
--.,--,--~-

C 25 6 20 

Kapolei EB Through-Right 6 15 6 10 

Kapolei WB Left C 26 0 41 

Kapolei WB Through Right B 17 B 14 

Renton NB Left B 12 B 14 

Renton N B Through-Right B 13 B 15 

~ton_ SB Left B 20 ,- -~"- , __ , __ 19_, __ 
Renton SB ThrouiLh_ - B 13 B 14 

Renton SB Right B 13 B 13 
Delay IS expressed In seconds per vehicle 

1. Kapolei Parkway/Kamaaha Avenue 

The intersection of Kapolei Parkway and Kamaaha Avenue has been signalized in the last 

few years. It was previously an all-way stop-controlled Intersection. The northbound 

Kamaaha leg leads into the Villages 01 Kapolei development while the east Kapolei 

Parkway leg provides access to Kapolei Middle School. Due to the school, the intersection 

can be busy during the school-related peak periods. During the A.M peak hour, the 

intersection operates at lOS C overall. All movements operate at LOS D or better. During 

the PM peak hour, the intersection operates at lOS B overall. All movements operate at 

lOS C or better. 

2. Kapolei Parkway/Kinoikj Street 

The intersection of Kapolei Parkway and Kinoiki Street is an unsignalized tee-intersection. 

The north Kinoiki leg leads to the East Kapolei! development. The southbound Kinoikl 

Street left turn operates at LOS C during both peak periods . 

3. Kapolei Parkwav/Kualakai Parkway 

The intersection of Kapolei Parkway and Kualakai Parkway was opened in February of 

2010. This intersection operates at LOS B during both peak hours w~h all individual 

movements operating at LOS B or better. 
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4, Kapolei Parkwav/Renton Road 

This intersection was formerly a four-legged intersection with stop control on the Renton 

Road approaches. With the last few years. it has been signalized. During the AM peak 

hour, the intersection operates at LOS B with all movements operating at LOS C or bener. 

During the PM peak hour, the intersection operates at LOS B. The westbound Kapolei 

Parkway left turn operates at LOS D. 

D. Summary of Existing Operations 

Kualakai Parkway has been open for a little more than a year. The study area intersections 

operate at an acceptable LOS during both the AM and PM peak hours. As time passes 

and the region builds out, Kualakai Parkway wil! become a more attractive option to access 

H-1 Freeway. 
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ill.PROJECTED 2013 CONDITIONS WITHOUT PROJECT 

The base year 2013 represents future conditions within the project area without the Ka 

Makana Alii shopping center. No new roadways are projected to be constructed in the 

Vicinity of the project. 

A. Projected 2013 Network Without Project 

1. Kapolei Parkway 

Kapolei Parkway is projected to remain a six-lane major arterial connecting Kapolei at 

Kamokila Boulevard to Ewa, eventually winding its way makai toward Ewa Beach at its 

current terminus at Papipi Street. The intersections along Kapolei Parkway will typically 

require signals with protected left turns phases. 

2. Kualakai Park'-m 

Kualakaf Parkway is projected to remain a four-lane major arterial connecting H-1 Freeway 

to Kapolei Parkway at a tee-intersection. 

3. Roosevelt Avenue 

Roosevelt Avenue is projected to remain a two-lane collector roadway which would be 

deemphasized in the futUre. Its primary function would be to provide system redundancy 

as well as serving the Kalaeloa community. 

4. Kinoiki Street 

Kinoiki Street is a mauka-makai collector that runs through the planned University of Hawaii 

West Oahu campus and East Kapolei Phase I. eventually connecting Farrington Highway 

and Kapolei Parkway. In 2013, it is assumed that it will not yet provide this connection. 

Future developments In the Ewa plain are shown in Figure 6 (taken from the May 2009.E1!.a 

Roadway Connectivity Study report). It was assumed that in 2013, East Kapolei 1- Phase 

2, East Kapolei II, the Kroc Center, and UH- West Oahu would be in place. 
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Table 2 Projected 2013 LOS Without Project 

2013 background 
_~ __ ,_~_~A~ PM 

~~~ 

LOS Oelav LOS Delav 

.'S~polei Pkwy & Kamaaha Ave C 3. C 22 

~<;J!~,~~~ __ l~ft D 47 C 33 
!(aDolel EB Throuah-Rinht D 37 C 24 

KaDolei WB left D 42 C 28 

KaDolei WB Throuoh-Rirlht C 35 B 19 

Kamaaha NB Left C 27 C 25 

Kamaaha NB Throuoh~Rinht D 37 C 27 

Kamaaha SB Left D 42 
~~ 

___ f~ -------~ 
Kamaaha SB Throuoh-Riqht B 

Kapolei Pkwy ~~!S!!:,_oiki St B 

Kapolei EB Left C -,- --~ 

Kanolei EB Throuoh A 

Kanolei WB Throuah B 

Kaoolei WB Ri hi B 

Kinoiki SB Left B 

Klnolki SB Ril:N B 

Kapolei Pkwv & Kualakai Pkwy B 

Kapolei EB Left - B 

Kapolei EB Throuqh A 
Kapolei WB Throuqh B 

Kapolei WB Rlqht B 

Kualakai SB left C 

Kualakai SB Richl B 

_Kapolei Pkwy & Renton Rd C 

___ J5~polei EB Left C 

Kaoolei s!3_IhIg~gh-Ri(]ht B 
Kaoolei WB Left D 

Kaoolei WB Throuah-Ri9J;!·_·_ C 

Renton NB Left B 

Renton NB Throuah-Rioht C 

Renton SB Left C 

i~~E!!2rL~,~LI'2rOU9h c 
Renton SB Rioht C 

Delay IS expressed III seconds per vehicle 
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14 B 

12 B 

21 B 

6 A 

15 B 

13 B 

18 -"-, - ~~ ~~ .. ~ 
16 B 

17 B 

19 B --_._. 
5 A ----

1B B 

18 B 

21 B 

20 B 

2. B 

33 C 

16 B -- -~ 

38 C 

24 B 

20 B 

21 B 

30 C 

21 8 

20 B 

14 

12 

20 
5 ,. 
12 

--~ 
15 

17 

20 

6 

18 

20 

18 

17 

17 

~J~~_ 
12 
33 

18 

17 

20 

"~~?- -~ 

18 

17 
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3. Kapolei Parkway/Kualakai Parkwa'l 

The intersection of Kapolei Parkway and Kualakai Parkway is projected to operate at LOS B 

during both peak hours. All individual movements are projected to operate at LOS C 

during the AM peak hour and at LOS B or better during tile PM peak hour. 

4. Kapolei Parkway/Renton Road 

The intersection of Kapolei Parkway and Renton Road is projected to operate at LOS C 

during tile AM peak hour. Left turn movements are projected to operate at LOS 0 or better. 

During tile PM peak hour, the intersection is projected to operate at LOS B overall with all 

movements operating at LOS C or better. 

D. Summary of 2013 Operations Without Project 

The study area Intersections are projected to operate at an acceptable level during the AM 

and PM peak hours. All study area intersections are projected to operate at LOS 8 or C 

overall during the AM and PM peak hours. 
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IV. rROJECTED 2013 CONDITIONS WITH PHASE 1 

The 2013 "With Project" scenario repre~ents the Future conditions within the project area 

with Phase 1 of the Ka Makana Alii shopping center development, shown in Figure 2. As 

shown, Ka Makana Alii lNOuld have a main 8ccess to KapolQI Parkway and a secondary 

access to Roosevelt Avonue. An additional right-in/right-out I;lccess is also planned on 

Kapolei Parkway at the northwestern corner of the property which would be used primarily 

as a service access but would also provide an additional drivew8Y to alleviate prossure on 

other accesses. The same roadway assumptions were made for this scenario. Kualakai 

Parkway is assumed to form a tee-intersection with Kapolei Parkway. 

A. Project-Related Traffic Volumes 

Future traffic generated by the Ka Makana Alii shopping center wa~ estimated using the 

three step method of trip generation, trip distribution, and trip assignment. 

1 . Trip Generat"ion 

Pha':ie 1 of Ka Makana Alii consists of a shopping center land use. Trip generation 

estimates the number of vehicular trips in and out of the project based on the land use type 

and density. Trips were estimated using trip generation equations published by the 

Institute of Transportation Engineers in Trip Generation Eighth Edition. 

Table 3 shows the trips generated. Pass-by traffic was assumed to be 20% during the PM 

while transit share was assumed to be 7%. 

Table 3 Ka Makana Alii Phase 1 Trip Generation 

AM Peak Hour 

'" Out Total 

RETAIL 

820 ShOPPing Center 143 91 234 

Mode Reductions 0 0 0 

Pass by Traffic Reductions 0 0 0 

After Mode Reductions 143 91 234 

Subtotal Trips (Before Mode Reductions) 143 91 234 

Total Mode Reductions 0 0 0 

Total ExtemalTrips 143 91 234 -, 'c , lolumes expressed In vehl Ie p er hour 
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PM Peak Hour 

'" Out 

501 521 

35 36 

100 104 

401 417 

501 S21 

135 140 

366 381 

Total 

1,022 

71 

204 

818 

1,022 

275 

747 
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2, Trip Assignment 

The shopping center distribution was calculated according to the Oahu Metropolitan 

Planning Organization model. The project-generated traffic volumes were assigned to the 

future network based using this trip distribution. The project-generated trips are shawn in 

Figure 8. The projected 2013 traffic volumes with Phase 1 are shown in Figure 9. 

B. Projected 2013 Operations Wlth Project 

The prOjected 2013 intersection level of service with Phase 1 of the Ka Makana Alii 

shopping center are shown in Table 4. 

1. Kapolei Parkway/Kamaaha AVenue 

The intersection of Kapolei Parkway and Kamaaha Avenue is projected to operate at LOS C 

during the AM peak. All movements operate at LOS D or better. During the PM peak hour, 

the intersection is projected to operate at LOS C overall as well. All individual movements 

are projected to operate at LOS C or better. 

2. Kapolei Parkway/Kjnoiki Street 

The existing intersection of Kapolei Parkway and Kinoiki Street is an unsignalized tee

intersection. Phase 1 of Ka Makana Alii is prOjected to access Kapolei Parkway at Kinoiki 

Street, forming a signalized cross intersection. The movements in and outofthe shopping 

center are heavy movements. Double left turns into and out of the shopping center are 

recommended. 

The intersection is projected to operate at LOS C during both the AM and PM peak hours. 

During the AM peak hour, all movements are expected to operate at LOS D or better. 

During the PM peak hour, all movements are projected to operate at LOS C or better. 
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Table 4 Projected 2013 LOS With Project 

Tolal2013 with Phase 1 
______ AM_ 

LOS Delay LOS 

Kapolei ~~y & Kamaalla Ave C 34 C 

~polei EB Left 0 47 C 

Kapolei EB Through-Rlgt:rt~ 
"-, 

0 37 C 
Kapolei WB Left 0 43 C 

Kapolei WB Through-_~9b,L C 35 B 

Kamaaha NB Left C 27 C 
Kamaaha NB Through-Right D 37 C 
Kamaaha SB Left D 43 C 

Kamaaha S8 Through-Right B 14 B 

Kapolei ~_~_ & Kinoiki St C 24 C 

Kapolei EB Left C 32 C 

Kapolei EB Through C 22 C 
-~-

Kapolei EB Right B 20 C _.,-,- ~ 

~_,::~.~B Left C 32 C 
Kapolei WB Through C 24 C 
Kapolei WB Right C 21 B 

Kinoiki NB l~!L_ 0 35 C 
Kinoiki NB Thro~~h_,,_ C 26 C 

Kinoiki NB Right C 26 C 

Kinoiki S8 Left -~-.- 28 C 

Kinoiki S8 ~~!ough ~,--~ ___ 18 C 
Kinoiki SB Rlqht 8 19 C 

Kapolei Pkwv & Kualakai Pkwv B ,. B 

Kapolei EB Left B 20 C 

Kapolei EB ThrouQh A 5 A 
Ka~olei W8 Through - "~,-~,-. 18 C 

Kapolei WB RiQht B 1~~.~. C 
KualakaL§B Left C 22 C 
Kuaiaksl SB Riqht C 21 B 

Delay IS expressed H1 seconds per vehicle 

PM 

Delay 

23 

-,- ----~~~ 
. _~,~,~1~ --

29 

19 

26 
29 

29 

15 

24 
"~-. 

-~~Q --
24 
22 

26 

20 

18 
_~ ___ ~2~_ ,---

28 

28 

28 

26 

26 

" 22 

7 

21 

22 

21 
--,,~-

19 
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Table 4 Projected 2013 LOS With Project (cont.) 

AM PM 
Total2013with Phase 1 LOS Delay LOS Dela 

Kapolei Pkwy & Renton Rd C 2. B 18 

Kapolei E B Left C 34 C 25 

Kapolei EB Through-Right 8 16 8 12 

Kapolei WB Left 0 38 C 35 

Kapolei \N8 Through-Right C 24 8 18 

Renton NB Left 8 20 B 18 

Renton NB Through-Right C 21 C 21 

Renton SB Left C 31 C 24 

Renton SB Through C 21 8 19 

Renton SB Rioht C 21 8 18 

Roosevelt Ave & West Entrance Unsignalized Unsi nalized 

Roosevelt EB Left A 9 A 9 

West Entrance SB Left C 20 E 42 

West Entrance SB Riaht 8 14 8 12 
Delay IS expressed In seconds per vehicle 

3. Kapolei Parkwav/KlJalakai Parkway 

The intersection of Kapolei Parkway and Kualakai Parkway is projected to operate at LOS B 

during both peak hours. All individual movements are prOjected to operate at LOS C 

during both the AM and PM peak hours. 

4. Kapolei ParkwayfRenton Road 

The intersectIon of Kapolei Parkway and Renton Road is projected to operate at LOS C 

d lJring the AM peak hour. Left turn movements are projected to operate at LOS 0 or better. 

During the PM peak hour, the intersection is projected to operate at LOS B overall with aU 

movements operating at LOS O. 

5. Roosevelt Avenue/West Entrance 

The west Ka Makana Alii access is projected to be stop-controlled with a refuge lane on 

Roosevelt AVenue. The southbound left turn out is prOjected to operate at LOS C during 

the AM peak hour and at LOS E during the PM peak hour. 
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C. Transit 

Honolulu High-Capacity Transit Corridor Project (HHCTCP) has started its first phase of 

construction connecting East Kapolei to Pearl Highlands via Waipahu. The Phase 1 

segment is expected to be operational in 2013. The western terminus of the first phase of 

the trans~ alignment is located at East Kapolei Station near the Kroc Center. The existing 

bus services will be rerouted to serve East Kapolei Station and Ka Makana Alii. 

D. Summary of 2013 Operations With Phase 1 

Overall the Ka Makana Alii shopping center has the greatest impact on the Kapolei 

Parkway/Kinoiki Street intersection. This is understandable because the intersection would 

be improved from a tee intersection to a four-legged intersection, one approach of Which 

would be the shopping center's primary access. The center also increases the delay at the 

Kapolei Parkway/North-South Road intersection but the LOS is unchanged. All other study 

area intersections are prOjected to operate acceptably. 

Ka Makana Alii 
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v. PROJECTED 2015 CONDITIONS WITHOUT PROJECT 

The base year 2015 represents future conditions within the project area wfthout the Ka 

Makana Alii shopping center No new roadways are projected tu be cunstructed in the 

vicinity of the project. 

A. Projected 2015 Network Without Project 

The 2015 roadway network is assumed to be the same as the 2013 roadway network. 

Configurations at the study area intersections and roads are expected to be the same in 

both the 2013 and 2015 scenarios. 

B. Projected 2015 Traffic Without Project 

The 2015 background traffic was estimated using data forthe following developments: 

East Kapolei 1- Phase 2 

East Kapolei II 

University of Hawaii - West Oahu 

Kroc Center 

With Kapolei Parkway and Kualakai Parkway in place, traffic volumes were shifted from 

Farrington Highway and Roosevelt Avenue. Furthermore, annual grolNth was applied. 

Finally, trips associated with the East Kapolei Phase I and Kroc Center developments were 

generated using trip generation equations published by the Institute of Transportation 

Engineers in Trip Generation Eighth Edition. 

The projected 2015 traffic turning movement volumes wfthout project are shown in Figure 

10. 

C. Projected 2015 Operations without Project 

The projected 2015 intersection level of service without the Ka Makana Alii shopping center 

are shown in Table 5. 
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Table 5 Projected 2015 LOS Without Project 

2015 background without NSR 
Extension LOS 

Kapolei Pkwy & Kamaaha Ave 
~~~~ 

C 

Kapolei EB Left 
-"-~ 

1 __ J)~ 
Kapolei EB Throuah-Rioht 0 

Kaaole; WB Left 0 

Kaaolei WB Throuoh Richl D 

Kamaaha NB Left C 

Kamaaha NB Throuah-Riaht 0 

" __ .I$;~J:Il~_(3.t@_ SB Left D 

Kamaaha SB Through-Right 8 

Kapolei Pkwy & Kinoiki St B 

Kapolei EB Left C 

Kapolei EB Throuoh A 

Kapolei WB Throuoh B 

Kapolei WB Rich! B 

Kinoikl SIL~~!.. __ ., _____ ~ __ B 

Kinoiki SB Riqht B 

Kapolei Pkwy & Kualakai Pkwv B 

~.~~olei E B Left B 

--.!S.§P91'?:U~_~ _ Thr0!:J.9.h A 
Kapolei WB Throuqh B 

Kapolei WB Riqht B 

Kualakai S8 Left C 

Kuaiakai SB Riaht C 

~£!II!~~~Y ~ Renton Rd C 

KaDolei E8 Left _._. 0 

~~ap..Q~L~B_I.brough-Riaht B 

Kapolei WB Left 0 

Kapolei WB Throuoh-Rioht C 

Renton NB Left C 

Renlon NB Throuah-Ri hi C 

Renton SB LeiL ___ ~ ___ C 

Renton SB Throl!9.!!.. _____ '"_. ---~- C 

Renton SB Rioht C 
Delay IS expressed Hl seconds per vehJcle 

'P~B"A~m~e~r"i,~a~sC--------------------27 

AM PM 

Delav LOS Oelav 

3. C 23 -.. ~-- - --~-.-~-.---~ 

49 __ 2-__ 33 -_ .. -.--~---- ------
38 C 24 

44 C 28 

36 B 19 
27 C 26 I 
37 C 28 
44 C 28 

14 B 14 

12 ----~-~- __ ..J.~_ .. _~ 
22 C 21 
6 A 6 

15 B 14 
13 B 12 
19 B 17 

17 B 16 

17 B 17 
20 C 21 
5 A 7 
18 B 19 
1B B 20 

22 B 19 

20 B 17 

2. B ,. 
35 C 24 
17 B 12 
40 -~-~-- 34 

24 
20 

I 21 

I 32 

I 22 , 
21 

B 

B 

C 

C 

B 

B 

18 
1B 
20 
23 
18 

18 
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1. Kapolei Parkway/Kamaaha AvenlJe 

The intersection of Kapolei Parkway and Kamaaha Avenue is projected to operate at LOS C 

during the AM peak. All movements are projected to operate at LOS D Or better. During 

the PM peak hour, the intersection is projected to operate at LOS C overall as well. All 

individlJal movements are projected to operate at LOS C Dr better. 

2. Kapolei Parkway/Kinoiki Street 

The existing intersection of Kapolei Parkl'.laY and Kinoiki Street is an unsignalized tee

intersection. In order to provide an accurate comparison between the with and without

project scenarios, it was analyzed as a signalized intersection in both cases. The 

intersection is projected to operate at LOS B during both the AM and PM peak hours. 

3. Kapolei Parkway/Kualakai Parkway Street 

The intersection of Kapolei Parkway and Kualakai Parkway is projected to operate at LOS B 

during both peak hours. All individual movements are projected to operate at LOS C 

during the AM peak hour and at LOS B or better during the PM peak hour. 

4. Kapolei Parkway/Renton Road 

The intersection of Kapolei parkway and Renton Road is projected to operate at LOS C 

during the AM peak hour. Left turn movements are projected to operate at LOS D or better. 

During the PM peak hour, the intersection is projected to operate at LOS B overall with all 

movements operating at LOS C. 

D. Summary of 2015 Operations Without Project 

The stlJdy area intersections are projected to operate at an acceptable level during the AM 

and PM peak hours. All study area intersections are projected to operate at LOS B or C 

overall during the AM and PM peak hours. 
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VI.PROJECTEO 2015 CONOITIONS WITH PHASE 2 

The 2015 "With Project" scenario represents the future conditions within the project area 

with Phase 2 of the Ka Makana Alii shopping center development, shown in Figure 3. As 

shown, a fourth leg would be constructed at the intersection of Kapolei Parkway and 

Kualakai Parkway which would access the site. This would be Ka Makana Alii's new main 

access, d eemphasizing the access at Kinoiki Street. This new leg would terminate at the 

shopping center's driveway. The access to Roosevelt Avenue from Phase 1 would remain 

but would be deemphasized in favor of an additional eastern Roosevelt Avenue access 

constructed during Phase 2. 

Additional right-in/right-out service accesses are also planned to be added in Phase 2. 

One is planned to be located on Kapolei Parkway midway between Kinoiki Street and 

Kualakai Parkway, The other is planned to be located on Kualakai Parkway just south of 

Kapolei Parkway. White the additional accesses are primarily intended to be service 

accesses, they would also provide an additional driveway to alleviate pressure on other 

accesses. 

A. Project-Related Traffic Volumes 

Future traffic generated by the Ka Makana Alii shopping center was estimated, 

1. Trio Generation 

Ka Makana Alii consists of lour uses that can be classified as shopping center, office 

building, hoteL and cinema. Trip generation estimates the number of vehicular trips in and 

out ofthe project based on the land use type and density. Trips were estimated using trip 

generation eQuations published by the Institute of Transportation Engineers in I.r.iQ 

Generation Eighth Edition. 

Table 6 shows the planned project land use and corresponding trips generated. Pass-by 

trallic was assumed to be 20% during the PM while trans~ share was assumed to be 7%. 

29 --'Ka"'Makana Alii 
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Table 6 Ka Makana Alii Phase 2 Trip Generation 

AM Peak Hour PM Peak Hour 

In Out < Total In Out Total 

OFFICE 

710 I General Office Bujl?J_~g __ 3",0~7+~~42,+-,3~4,9.+_-,5~5+-,,25~7+-,3~22'-1 
Mode Reductions 25 3 28 4 21 25 

After Mode Reductions 282 39 321 51 246 297 

RETAIL 

820 I Shopping cen.,""~'+~3~4~'+...!c21~8,+-,5~60,,+~1~,3~5~0+'~A~0~6,+,~,~75~6".J 

___ ~~~~~," ___ c-_._'Y!qrjeReductions 27 \-_ ,,17 44 10~8,+_-='~12,+--"~'''-I0 
Pass-by Traffic Reductions 0 0 0 270 281: 551 

After Mode Reduction:> 342 Z1B 560 1,080 1,125! 2,205 

1--------

After Mode Reduction:> 

}---~:-!~S'!~!Trips (Before ~~~~eductions) 
Total Mode Reductions 

Total EKternal Trips 

~O +--10-'+-'-'+---163 
o o o B 5 13 

o o o 93 57 150 

8~9 ____ ~~_ 1,189_J--.h6.62
,w }!~7~--i _?2.~ 

66 29 95 402 430 832 

754 340 1,094 1,260 1,444 I 2,704 

Volumes expressed In vefllcles per hour 

2. Trip Assignment 

The shopping center distribution was calculated ilccording to the Oahu Metropolitan 

Planning Organization model. The project-generated traffic volumes were assigned to the 

future network based using this trip distribution. The project-generated trips me shown In 

Figure 11, The projected 2015 traffic volumes with Phase 2 are shown in Figure 12. 

=~~------~~------- ._ .. _ .. _._. 
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B. Projected 2015 Operations With Phase 2 

The projected 2015 intersection level of service with Phase 1 of the Ka Makana Alii 

shopping center are shown in Table 7. 

Table 7 Projected 2015 LOS With Project 

Total 2015 wilh Phase 2 A 

LOS 

.~~polei Pkwy & Kamaaha Ave 0 

Kapolei EB Left 0 

Kapolei EB Thro~qh~Ri~ht 0 

Kapolei WB Left 0 

Kapolei WB Throuah-Righ! 0 

Kamaaha NB Left C 
-~ .. --

Kamaaha NB Through-Right 
~ .. -~~ 0 

Kam aaha S8 Left I:? 
.~-"-

Kamaaha SB Throuah-Riaht B 

Kapolei Pkwy & Kln~~k!.~_~ C 

Kapolei E B Left C 

Kapolei EB Throuqh C 
Kapolei EB Riqht B 

"--~ -_.,-,--. ---
~leLWBLeft C ,-

Kapolei WB Throuah C , 
Kapolei WB Ri hi C I ----

--Kinoiki NB Left --- C I 

Kinoiki NB ThrouQh C -
Kinoiki NB Right "---~.-
Kinoiki SB Left C 

Klnoiki SB }!:rough C 

Kinoikl SB Riaht C 
Delay IS expressed In seconds per vehicle 

PB Americas 33 

Oelav 

36 

51 

39 

46 

36 

29 

41 

47 

16 

2. 

32 

21 

19 

32 -
23 

20 
32 

29 

28 

28 

24 

23 

LOS De~ 

C 24 

0 39 

C 25 

C 33 

B 20 

C 30 

C 33 

C 33 

B 18 

C 28 

0 36 

C 26 

C 25 

C 34 

- ___ CC __ 26 
C 

C 

C 

C 

C 

C 

C 

23 

31 

28 

26 
_____ }L_ 

33 -----30--
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Table 7 Projected 2015 LOS With Project (COIlt.) 

AM 

Total 2015 With Phase 2 (continued) LOS Delay 

Kapolei Pkwy & Kualakai Pkwy C 27 

Kapolei EB Left C 31 

Kapolei EB Through-Right B 20 

K~polei WB Left C 34 

Kapolei WB ThrouQh C 29 

Kapolei WB Right C 29 

Kualakai SB Left C 33 

Kualakai SB Thro~h B 20 

Kualakai SB RighI B 19 

Kualakai NB Left A 0 

Kualakai NB ThrouQh-Right C 34 

Kapolei Pkwy & Renton Rd C 26 

Kapolei EB Left 0 40 

Kapolei EB Through-Right B 17 

Kaoolei WB Left 0 44 

Kapolei WB Through-Right C 26 

Renton NB Left C 22 

Renton NB ThrouQh-Right C 24 

Renton SB Left 0 35 

Renton SB Through C 24 

Renton S8 Right C 23 

Roosevelt Ave & West Entrallce Unsignalized 

Roosevelt EB Left A 9 

West Entrance SB Left C 20 

West Entrance SB RJ9bt B 14 

Roosevelt Ave & East Entrance B 12 

Roosevelt EB Left C 31 

Roosevelt EB Through A 4 

Roosevelt WB Left B 15 

Roosevelt WB Right A 7 

East Entrance SB Left C 22 

East Entrance SB Riaht C 22 
Delay IS expressed In seconds per vehicle 

PB Americas 34 

PM 
LOS Delay 

0 37 

0 47 

0 39 

D 49 

0 42 

0 47 

0 48 

C 22 

B 20 

E 61 

D 36 

B 20 

C 29 

B 12 , 
0 42 

C 21 

C 21 

C 25 

C 30 

C 22 

C 22 

Ut\signalizsd 

A 

0 

B 

B 

C 
A 

B 

B 

C 

C 

8 

27 

11 

15 

26 

9 

19 

13 

26 

23 
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1. Kapolei Parkway/Kamaaha Avenue 

The intersection of Kapolei Parkway and Kamaaha Avenue is projected to operate at LOS D 

overall during the AM peak. All movements operate at LOS 0 or better. During the PM 

peak hour, the intersection is projected to operate at LOS C overall. All individual 

movements are projected to operate at LOS 0 or better. 

2. Kapolei Parkway/Kinoiki Street 

W~h the opening of the new access to Kualakai Parkway as part of Phase 2, the Kinoiki 

Street access wlll be deemphasized. The intersection is projected to operate at LOS C 

during both the AM and PM peak hours. During the AM peak hour, all movements are 

expected to operate at LOS C or better. During the PM peak hour, all movements are 

projected to operate at LOS C or better with the exception of the eastbound Kapolei 

Parkway left. 

3. mole! Parkway/Kualakai Parkway 

The intersection 01 Kapolei Parkway and Kualakai Parkway is projected to operate at LOS C 

during the AM peak hour. All movements are projected to operate at LOS C or better. 

During the PM peak hour, the intersection is projected to operate at LOS D overall. The 

northbound left from the shopping center is prOjected to operate at LOS E but all other 

movements are projected to operate at LOS D or beUer. 

4. Kapolei Parkwav/Renton Road 

The intersection of Kapolei Parkway and Renton Road is projected to operate at LOS C 

during the AM peak hour. All movements are projected to operate at LOS 0 or better. 

During the PM peak hour, the intersection is projected to operate at LOS B overall with all 

movements operating at LOS C or better with the exception 01 the westbound Kapolei 

Parkway left which is projected to operate at LOS D. 

5. Roosevelt Avenue/West Entrance 

The west Ka Makana Alii access is projected to be stop-controlled with a refuge lane on 

Roosevelt Avenue. The southbound left turn out is prOjected to operate at LOS C during 

the AM peak hour and at LOS D during the PM peak hour. 
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6. Roosevelt Aven ue/East Entrance 

The east Ka Makana Alii access is projected to be signalized tee-intersection with 

Roosevelt Avenue. The intersection is projected to operate at LO S B for the AM and PM 

peak hours, with all movements operating at LOS C or better. 

C. Transit 

By Year 2015, HHCTCP will further extend the alignment to Aloha Stadium. The transit 

riderShip will increase significantly from 2013. The bus routes serving Ka Makana Alii 

include Route 41 connecting Ewa Beach, UHWD, and Kapolei City; Route 411 connecting 

Makakilo, Kapolei City, and East Kapolei; Route 416 connecting Kapolei City and East 

Kapolei; Route 418 connecting Kapolei City, Kalaeloa, and East Kapolei; Route 421 

connecting West Loch, Hoopili, UHWO, and East Kapolei; Route 422 connecting Hoopin 

and East Kapolei, 

D. Summary of 2015 Operations With Phase 2 

With the extension of Kualakai Parkway beyond Kapolei Parkway, the Kinoiki Street 

intersection is expected to process less project-related traffic. Ka Makana Alii would have 

the greatest impact on the Kapolei Parkway/Kualakai Parkway intersection. All other study 

area intersections are projected to operate accepta bly. 

Ka Makana Alii 
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VII. CONCLUSION AND RECOMMENDATIONS 

A. Concillsion 

It is concluded that while delays experienced along Kapolei Parkway are expected to 

increase, the intersections are still projected to operate at an acceptable level during the 

AM and PM commuter peak hours. The Ka Makana Alii shopping center traffic can be 

accommodated by the adjacent roadway network. 

B. Recommendations 

Based on the operational analyses of intersections, the following are recommended to be 

implemented in conjunction with the proposed shopping center: 

Phase 1 Recommendations 

Signalize the north Ka Makana Alii access to Kapolei Parkway at the intersection 

w~h Kinoiki Street. 

Configure the intersection of Kapolei Parkway and Kinoiki Street as follows: 

o Eastbound Kapolei Parkway approach as a left turn lane, 3 through lanes, 

and a righttlJrn lane; 

o Westbound Kapolei Parkway approach as 2 left turn lanes, 3 through lanes, 

and a right turn lane; 

o Northbound Ka Makana Alii driveway approach as 2 left turn lanes, a 

through lane, and a right turn lane; 

() Southbound Kinoiki Street approach as a left turn lane, a throlJgh lane, and a 

rightturn lane. 

Configure the west Roosevelt Avenue driveway's intersection with Roosevelt Avenue 

as stop-controlled at the driveway approach. An eastbound left turn and a 

westbound right turn lane from Roosevelt Avenlle into the shopping center are 

desirable. A refuge lane for southbound left turns exiting the shopping center is 

also desirable. 

P BAm e ri c as·~----------·37 Ka Makana Alii 
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Provide a right-in/right-Dut driveway at the western edge of the property along 

Kapolei Parkway. 

Phase 2 Recommendations 

Configure the intersection of Kapolei Parkway and Kualakai Parkway as follows: 

o Eastbound Kapolei Parkway approach as 2 left turn lanes, 2 through lanes, 

and a shared through/rightturn lane; 

o Westbound Kapolei Parkway approach as 2 left turn lanes, 3 through lanes, 

and 2 right turn lanes; 

c Northbound KUalakai Parkway approach as a left turn lane, a through lane. 

and a shared through/rightturn lane; 

o Southbound Kualakai Parkway approach as 2 left turn lanes, 2 through 

lanes, and 2 right turn lanes. 

Install a traffic signal at the east Roosevelt Avenue driveway's intersection with 

Roosevelt Avenue. An eastbound left turn lane into the shopping center and right 

turn lane from RooseveltAvenue into the shopping center are desirable. 

Coordinate with theBus to provide frequent regional and sub-regional bus services 

connecting major activity centers in the area SUch as Kapolei City, Makakilo, 

Waipahu, UHWO, and Ewa as well as w~h the transit stations in Waipahu and 

Kapolei. 

Provide righHnJright-out driveways on Kualakai Parkway south of Kapolei Parkway 

and on Kapolei Parkway between Kinoiki Street and Kualakai Parkway. These 

driveways will alleviate some ofthe traffic load at the main accesses. 
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Appendix A 

Existing Traffic 

PB Americas A 

Data 
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4:), PM 

4JUPM 

4:4, PM 

S.DOPM 5:15PM 

3:30FM 4:30PM 

Peak HOlir 

PAR"ON8 
eRIrICKEElli)FF 

AM cOvin SHUT 

l!ti 
S,,,,II, 

, Total Tol,1 
M""t II our 

'" IOG4 

ODS 0 RIjB 0.900 0.750 0309 0 G65 ~ ~q~ O_Ml 0826 0.79; 0.7~3 0714 reat 

''" 

3B LEFT 
168 THRII 

31 RIGHT 

m 

" THHU 

North 

'" LEl'l 

". 

LHT THAll RI~HT 

21i W 54 

213 SOUlil '" 

m 

'" '" 

1064 O.a~4 

r--------------~~""".J 

10j,,,,,lior: 

Dato 

W.al"r: 

TIME 

0:30 ~M 

7:~0 hM 7;15AM 

7:15AM 7;30AM 

7:-1fiAM 

7:·1.5 ~M 8:DOAM 

B:OO AM a:1o AM 

~.15 AM 9:30 AM 

i:OO,\M 

Peak Hour 

7:DO AM 

PARSONS 
BRI~C~ERHOFF 

, 

#DI\'.'O' 0.961 

373 

533 

AM COIHJ I ~HHT 

~ H Streol' KapolalPor,way 
,,-- I 

~!ti 
Soulh 

Tc:al Totol 
M,mt Hou' 

" " '" 
1016 

'" 1113 

118 1000 

'"' 

131 

'" '" 

O.74·l O.6~O #DI'i.'OI J.76~ Q.90g n 756 ~nllj.'a' fDIViOr ~DIVlO! InlVilll Peak P:iI 

7~ LEFT 

373 THRU 

RIGHT 

'" North '" 

RIGHT TH~U lHl 

St'",l 

IllGHT 

THR-J 

LEFT 

lt1a 0.879 

K,poleiPa;k,w' 

'" I.EFT T~RU RIGHT r--------------"-"'--' 
o 

South 

St,.,t 



AM CiJUNl SHEET 

[11['''''['0": Kapol,1 Pkl''Y!~lno;" St 

Dat~ Ill"""! 3130,2010 
+- H ~itre~l: ~apcl'IParkwat 

8)' Hoc,,",! ~--[ 

il11 
~ J j 

SUUHI 
St,",t K;mi~i m".t 

TIME 
Total lutal 
M,-mt Hnur 

3cJOPM '"' 
3 45 PM 4:00 PM ,c" "" 
4:DOPM 4;15PM '" 
4:15PM ~:3npM 

4:30 PM 4:45rM 213 

5:00PM 

5:00 PM 5'15PM 

5,15 PM 5,30 PM 

Pol ~DIVlO' O.la~ o.6S) ~69~ hDIVlO' 0.46" ~.£~6 0,916 ;DIVI~I #DIV,O' ~~I'!.'O' ~DI\'IO' poaK 

3:30PM 4,30 ~M 

Peak Hour 

3,aOPM- ":30 PM 

PARSON:; 
BRINC~ERHOfF 

Nal1h 

36 69 

i'"'".\:J',""9l----~ RIGHT Tl-lRU LeFI 

"" 

, 
'" 

UFT 

TH~U 

~I6HT 

lEFT 

SQuth 

THR'J 

o 

'" 

'" RIGHT ,-------"'-= .... 

" 

O.U1) 

0, Sh,nnl,onQ 

W,,,,MDr;,,ly 

TIME 

6:30AM 6:45 AM 

G:'15AM 7,0) AM 

7:)OAM 7:15 M.1 

7:15AM 7,3D M~ 

7:30 ~M 7:45 AM 

6:15 AM 

AM COUNT SHEET 

'\1 
i 

+--- H Str"t Ka,o:~,Park\'i"'1 

11,11 
SOUt1 

Stro,t Ku.la%arP.",.",", 

'" 

'0 

Totai To:.1 
W,'1mt Hour 

Ion 

'" 
2,9 1270 

J12 l1B~ 

1132 

'" 

~1f ~OIViOI 0 76~ 0.904 0,739 .~Ol'i."l' "c,~ 0.145 0,762 #D1'i101 JDtViO! "DI'I/1 gDll'ro! P'ak PI,I 

a:oo AM 

Peak HQIIT 

7:00 AM ~:oo AM 

~~~SONS 

BRfrlCKERHOFF 

'"' 

'" 
'" "" 

"" 

lEFT 
THHU 

RIGHT 

Str"t 

North 

" TIHU lEFT 

LEFr , 

South 

:J80 

RIGHT 

THR~ 

LEFT 

1210 O.fi71 

48~ 



~M ~OUNI SHEET 

Int.n,ollon 

nat' 

", St" ,t, ~a,ol" ~"k"")' 

I/IIHttto, Windym'llllV 

TIME , Tnl~1 TDtal 
II1vmt Hou' 

332 1143 

107~ 

4:00PM '" 1098 

4:15~M 1:30PM 2,8 1',67 

4.:l0PM 4:4, PM ,. 1079 

4:45 PM 5:00PM '" 
5011 PM 5:15 PM '" H 

~ 15 PM ,'30 PM H 

Ptf! fDlVlJ' ~.764 n,we 0.915 .1'011'10' 0,915 0.649 ~.792 bDIV'O' QDIWtJ! ~~Ivm' ~DI\'I\l1 peak 

~:30PM 4:30 PM 

PerkHQllr 

~'~O PM· 4:30 PM 

PARSON!; 
~HIrICKEHHOfF 

'" 

H' ,,, 

eo" 

L5FT 

TH~II 

~IQHT 

THRIJ 

North 

,,, 
l,f1 

l.EFT 

" 
SOUlil 

~I"'I: Ku,l.kOl ~"kway 

,,, 1143 0,a61 

T~RU 

Date 

"'oath" 

TUn 

0:45AM 

,,45 hM . 7:00AM 

7:~OAM . 7:1~AM 

7:30AM 

7:)0 AM ,:45AM 

7:4' AM 8:00AM 

8:0'J AM . 8'15 AM 

8,15AM 1:30 AM 

7'@AM 

Peak Hour 

lOD 11M· 1:00 AM 

PARsor~s 

BHI~GKE~HOFf 

Kapol,1 PkwwR.niooRd 

" 

" 

""ICOUtnSHET 

c -, ,-Ai 
Stroot: KaDol,1 Pkwy 

H 

76 

Tot.1 T((,,,I 
Mvm1 ~our 

254 1471 

" 310 1626 

" '"' 
" '269 

1~3 

'" 

0,500 0.700 0.688 0,469 O,8~4 0,782 ~,6a9 U.~31 06?O 0 724 ~.909 0 734 p".~ PilI 

" 

LEFT 

THRU 

RIGHI 

". 
Str.,l 

';)5 

North 

16~ 97 
THRl) LEq 

lErT 

" 
SOllth 

K3~ol,iPkWY 

TII~U 

"" 

'" 

~IGHT 

:;~, 

.159 

31ro,1 

R'3HT 

THRU 

LEFT 

.120 11J21l O,7S4 

R,nm" Rd 

'" 



Irt",",I,,"': 

Oato 

e, 

"'.,tt"" 

TIME 

3]~ PM 3.45 PM 

3'45 rM 4.08 PM 

4'Q~ PM 4,15rlll 

4:15 PM 4.3, PM 

4:3~~M ~ '45 Pili 

4:4SPM 0:00 ~III 

~:ou rM 5:15PM 

5:15 r~.1 5:30PM 

Pill 

3:30 PM ~:30PM 

Peak HQII[ 

o:JO PM 4'30 PM 

PAn~ON~ 

~wr:CK tRHOFf 

K~~ol'; r~"1'Ronto" RJ 

Tu~<d a~' ~'JoI1~10 

nu" 

V\~ndv!o",;!i'I 

A D 

" '" 
" '0 

'" " 
" '" 
" " 
" " 
'" " '" 
" " 

075') n,na 0,500 O,46~ 

"" '" " " 

" cUT 
1 ~8 THR'J 

'" "" RIGHT 

Alii CQUH SHEET 

Mortl, 

10 E' l- i--~j j l 
" -" ,~ ~, ,,-

~' ~!rl 
Soolh 

Stroot K. ~ol"i P'V't 

eo " " " " 
" " '" " 3~ 

" '" " " 
" " " '" ·lo 

'" " '" " " 
"' " " " " 
" " " " '" 
"' " " '" " 

O.B5~ na2B 07g3 UI9 Q.B3S 

'" '" " "" '" 
North 

'" '" fHHIl LEFT 

LEfT THRU RIGHI 
16 IB5 137 

South 

SI",LA.'~OrlR" __ 

rotal Tol,1 
M~mt ~ou, 

" " n~ t2"6 

" " 2~~ 1235 

" " W 14<17 

" " :l~i 1219 

" " 314 Hag 

" " '"' 
" " " no 

" '" H 301 

n,797 0.752 Q,n2 Peak PI,I 

1~1 '"' " 1246 0.94' 

R • .,ten Ro. 

~16HT n "'; 
THRII " lEer 04 

'"' 

Appendix B 

Level of Service Definitions 

The Highway Capacity Manual defines six Level of Service (LOS), labeled A through F, 

from best to worst conditions, Level of Service for signalized and unsignalized 

intersections are defined in terms of average user delays, Delay is a measure of driver 

discomfort, frustration, fuel consumption, and losttravel time. 

For unsignalized intersections, the Highway Capacity Manual evaluates gaps in the major 

street traffic flow and calculates available gaps fOr len~turns across oncoming traffic and for 

the left and right-turns onto the major roadway from the minor street. 

LEVEL-Of-SERVICE A: Little or no delay. 

LEVEL-Of-SERVICE B: Short traffic delays. 

LEVEL-Of-SERVICE C: Average traffic delays. 

LEVEL-Of-SERVICE 0: Long traffic delays, 

LEVEL-Of-SERVICE E: Very long traffic delays. 

LEVEL-Of-SERVICE f: Demand volume exceeds capacity, resulting in extreme 

delays with queuing that may cause severe congestion and affect other movements atthe 

intersection. 

PB Americas B Ka Makana Alii 
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Appendi x C 

In tersec tion Capac ity Analy sis Worksheets 

G Ka Makana Alii 
June 2011 

HeM Signalized Intersection Capacity Analysis 
7: Ka~lei Parkwa~ & Kamaaha Avenue 

/ -+ • {' +- '-
R W 

..... ConfjgIntions , tt. , tt. 
Vd .... (>Phi 79 111 96 103 211 133 
Ideal Flow (vphpI) 1900 1900 1900 1900 1900 1900 
T otaIlost time ($) 6.0 6.0 6.0 6.0 
Lane UtiI. Facklr 1.00 0.91 1.00 0.91 ,. 1.00 0.95 1.00 0.95 
At Protected 0.95 1.00 0.95 1.00 
S.d. Flow CPro<I 1770 481 2 1710 4834 
Fit Permitted 0.95 1.00 0,95 1.00 
Satd. FIow~ 1770 4812 1110 4834 
Peak·ho!r" Iacb', PHF 0.92 0.92 0.92 0.92 0.92 0.92 
A4. 'low {"'I 86 186 104 112 295 145 
RTOR Reoo::tion (..,:lit) 0 63 0 0 10 0 
Lane ~ Flow ~hl 86 201 0 112 310 0 
TII11 Type ProI ProI 
ProIected Phases 7 4 3 6 
Permtted Phases 
Actuated Green, G (s) 8.6 13.6 11.7 16.7 
Effective Green, 9 (s) 8.6 13.6 11.7 16.7 
Actuated we Ratio 0.09 0.15 0.13 0.18 
CleCl"iI1Ce nne (s) 6.0 6.0 6.0 6.0 
Vehide Extension ,sl 3.0 3.0 3.0 3.0 
..... G<p cap {"hi 167 117 221 884 
vis Ratio Prot 0.05 0.04 00.06 00.06 
vIS Ratio Penn 
vfc Ratio 0.51 0.29 0.49 0.42 
t.nfonn Delay, dl 39.' 34.5 37.0 33.0 
PrO!1ession Faclof 1.00 1.00 1.00 1.00 
Inc:rementat Delay, d2 27 0.2 1.7 0.3 
Delay (s) 420 34.6 38.7 33.3 
level of Sefvice 0 C 0 C 
_hDOay{'1 36.' 34.4 
Approach lOS 0 C 

S 
!-eM A'I'fI"age Control Delay 30.5 HCMle"'''_ 
10.4 VoIlIl18 to Capa:ity ratio 0.61 
"""""" C)de leogIh {sl 91.3 SII11 oIiost line (s) 
lotersection Capacity utiization 61.0% ICU level d SeMce 
Analysis Period {nWl1 15 
c CIiticO lane Gro<.o 

Existing AM 
6/2/20" 

.... t ,. '-. ! .; 
NBl SST SBR , • , • 102 229 155 '" 201 79 
1900 1900 1900 1900 1900 1900 
5.0 M 5.0 5.0 

1.00 1.00 1.00 1.00 
1.00 0.94 1.00 0.96 
0.95 1.00 0.95 1.00 
mo 1749 mo 1784 
0.57 1.00 0.95 100 
1071 1749 1770 1784 
0.92 0.92 0.92 0.92 0.92 0.92 

'" 249 170 166 218 86 
0 15 0 0 8 0 

'" 404 0 166 296 0 

""" ProI 
1 6 

2 
29.2 29~ 14.6 49.0 
29.2 29.2 14.8 49.0 
0.32 0.32 0,16 0.54 
5.0 5.0 5.0 5.0 
3.0 3.0 3.0 3.0 
343 559 287 951 

00.23 00.09 0.17 
0.10 
0.32 0.72 0.58 0.31 
23.6 27.5 35.' 11.8 
1.00 1.00 1.00 1.00 
0.6 4.6 26 0.2 

24.1 32.1 38.2 11.9 
C C 0 , 

30.' 21.2 
C C 

C 

220 , 
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Ie) AdJhioul.l lllcvc1ol'U}CllI SlfifldC11l1, 
(I £\I.\!pt (ur fk..'CCs~.lry ilC(,~"QS J.n\'~ nn..i"utk\~11~L al l nrtbshlill be land~I","<d 

(1 \ IS- I OI>lrl(1 Tmllsltiolln l11dgl1l ·Ituck . W1leN nl.olll11g lUI "djoil\> .l.onUl!! 101 In 1I 
u . .'~ldCllhlll dlShld, 11M: r~ . .'>iit.lcnlllli \IiSlrh'l hCI~hl !iCthucb :;lUlU hc np,)lituhh.: tn III(: hmldnhk: 
='U bow.iliIr) til\C or tl •• "djou\O,~ .Id. of tl.c a -i >o.ung 101("", Figure 21·35)_ 

() I B-2 Di.triGI Tn.nsilionnlI1cigl.1 :klllllc~ , 
fA ) \V1u,,-,c U J;ouin,g lo t UUJUIIIS-:l ZUIHII,g lot ill lI l'C~cHtiul. /\ ·1 01 AMX-l (.li.:ftncllhc 

re.qdt.!utinl Ulslm':l hcil.lhl ~bm:k ..JUJ I1 be Bpphcuhlc tit the buildobl~ drul bOtuulur, 
till" of tll. odJolltiJ'g side of !he 13·2 lOlling 101 '"'" "iSUN 21-3 5) 

(II) WI"""u,ollh~ Itli u<ljtlin •• 10lHog IN "Iun A..l.A-.l. AMX-l.AMX-J III "'-'\Uri 
district, 110 ponion (If!l §lJlJ(ll1rc. 'l418 11 l."X~c«l4U r"'ct in height alon,g the t""ldi.\bk 
urea boundary IUIO Oil UI~ udju iJl inllsid" ul'U", B.J 10nm8 lo~ pn""dcd O"'l 
udJitiOllalhcillhl .hull be ""m,illeJ if lhe utWiliunlll he.ghl i~ SCIIl("k une 1001 [JOn' 

lhe moldable nr ... lxlllndllry Ii"" for "'''h 1111 .. "1 tn hCISh' or 1'01011011 Iher.'Of. rill' 
,.:JJ.""" mIl hr.'" ""JlliJlWi .... llbu"' [rolU Ih~ ~'I vftl~ ;t,uelID' IUlbc i!c.1!uUlul¥ ",,' 
Ill. Ilddlu," .. II."llhl 1;..:c Figu,,, 2 1·35) 

( ,. ~lreL~ SC1~ICb.. Within the 1}"2 d~trJct. no portion of It ~l{u~turc shall ~~J il hdght cqlIDl to 
t\, Ij;le 11~ l1istuti(,j:c from 014: struoture tn the \.L':rtkQI prOJ&1l ion of the ccnkr Ilne of [In), str~~1 
(sec l'iRu"'1 1 -J .7~ 

:i 1 OJ",n ~)lrn:" BollUS. WI~rin Ill. 13-2 J"b]Cl 

(A) Fur..:.udl "Iu:(n~ fool ul puhllc OIJitJl ~I"\:, pRwiJ".,J. fi\'e.:J:IlJnn; r .. "C\ ornoor Gl\!tllIJu.\' 
he uJJ<J. <~"U"" '" Ofn.'ql<r<d y"n1.<; 

(U) Fur cadi .;w.,UUlC rum ot"lII\:ad~ .III ClI pm~i(lcd , lhn...~ square (eel Orn(k)f o~u l11i'" be 
tKkJ",-"d, c-xclU:Sl\te nr rcqwud )l lrdS; ancJ 

(t') M<tliilllul1I d.:tlS1ty ,,·,111 »<.'11 !JlP'" 1>t>1I1~«:$ ' hull ,IN o::<cc.:d an fAR •• 
ptuvl~I",\J unJcr fahlc 1 1 -~ ... 1, 

'Add"'I~' Ord 99·12) 

S«. 21 ~J. t20 Bu~ine)~ mixed u~r distri cn - Pu rp9M.' a nd inlenl. 
Cal The purpo..,of U", b",i,.es.< mixed use districts i'IO rceognVe UUll ccrtain arcos oCmc <il) ""'e histon""U) 

lx'1..·u IULxtUn:.s of cOlUmc:n:l.(11 and rcsid\."uulll USI."!S, oc.curril1(Z. \'cl1icnlly lmd h()nLonlull~ am) to l'l'COUrogc 

Ihe continuance [ind strengthenmg of thiS palh..'f'J1. II 18 the mlent to pm\100 I"O.ldcuccs an \'cry close 
proximit (0 "'·mp!o\ln...·lll ~md retail opportwlitics. pro'~dc illflOvuti\ 'C and slimulutinflliving ""wironmclllS 
and reduce O\'\.'1lI1l1lClshborfl00J t:J • .-rg) !:onswnl'lion. 

(h) The intent of.he BMX&~ oon1lnunll) business mi:.;;oo usc districts LS to prO\ idl.! urcas fQr hoth commercial 
mK.l rcsldclltiulllSCSoUISidc or'he c-.:ntrol hu .. 'm~ IUl""''d l&! distnci (lnd nlnlowe:r Ultcltsll), IlulU Ihe. 
"",Itrot bus" ..... m"ed us.: wslmL T)!pu:uJl) . lIuo d,slncl "oulJ be upphed 10 lIre&S along HIIlJor 
lhorougl,r.re. adj.""nl.o U-2. UMX ..... A-3. AMX-2 and AMX-3 'oIling disuiels. 11 is "Iso intended Ih", il 
be apphed to M.:iIS \\ n..."TC dlC C.X1~t.1I1g ' rult! usc p;llItf."l1 is alJ\.'"C"td~ a nli};turc of tonuD(..ttiul and t",-sll.h."l1lanl 
llX~ OCCunill~ iRlriLunlJill) ~ "crtic:tU) or hOlh. 

(c) The mtent ortbe BMX-4 centrol bu.,,'ne.~s nuxed 'lie district IS 10 ~>t apan th<ll portionofl IOllolulu "hleh 
fonns th..:. cit)'s ccnl4;."f lor financial. ollic.c and ~on:nuhclllul actiVities and housintl. It is Ultcodcd forth!.!' 
dO\\1HO\\ll area and not Intended for gcncrnl appllcalion h pm\'lclcs the hIghest land lL<C inh!I\Sll) for 
commerce, bUSUless and hOlL'aDg 

(Added b) 0nI. 99.11) 

c. 21-3.120-1 BMX4 buslnes.s mb'('Ll u~ ~Jlei.' h'l h t'i~hl con lroh .. 
(tI) Auy development \\hich is proPO${..--ti \0 exccOO n Ilclghl 1111111 of 3SU "' .. -":1 shl1l1 ol1tph "1lh lh!.!' 10110\\ UIg: 

(I MmimuUl PrOJCCl ~i1c. lite minimum projccl me shall be 35,()()() sqIWrc 1<.'01. 
(2) Si.o PI.n 11>0 roque" Ibr .ddilionaL hdgh. "mil mclJlde. proposed site plan, \\i1ich sholl 

mcludc me locnuou und hcig.hl of buildmg to"-!,':I':i,. 1m shall take Into c.onsllxtouon ndjdc(""tU 
""''' nnd Sln";tn",,, SIJCClficnily lhe follo\\ing IlIi.nciplc. 'hull he rcl)cc.ed In II>.: ,i'e "Ion ",~I 
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tb" oPlllicwH ~hnll demOIl.;;U"lHc ho\\ I.hcsc pri.nciples nre bei!1@. met 
(A) Builwng low~s sholl not sigmlicanll~ obstruct or intrude on oooph . .'d public \'11.. ... ' '. 
(ll) Proposed open SflOCO> shall <ol1lplcmcnI and rulnl<: 10 adj"","'1 Open spaces. 
(C) GIOWl4.llc\'cl PUI kmg lois tlntl Mn1CIUICS sil(udd IlOl lion, ~lfll.'CLS wttclC llllS IS oot 

pos.."'lible., canopy aud "crtiCilI form t~. hedges and other landscapmg cl~menl.S shoJI 
be provided 10 1 isunlJ) sere"" Ih"," 

(J») The odd,lio,ml 10l\Or height "'.11,.,1 ullfcasonubl) block ~'C prol lSioll of IIghl wlduir 
to other bmldmss nnd publi: op.:n spac.es.. nor obhrcrnt~ dir..:c( i:xposurc to the liiUlllfl 
any g,ven 2~-hour period 

P) l'ubUe Open Splice, A minim''''' of)5 """""" oftl,e 101 1It",,:;haI1 be dCI'oted '0 poblic open 
space in acconlant.:c ~\-ilh Table 21·34. 

(4) I>ublic VIC\\:i. "nH.: wlditioruil tu\~\."" heIght ~hIlll nOlslgnificanlly intrude on nu\- OOOpluJ )Jubhc 
\ il.!\\s, u.:ludill@ thl! ~\\ oftlk:- (1..'1lJ'uJ business district li-onl dlC Punchbc)\\ llookolil't 

(5 I I'cdestriun lrienlnllon. Projecl design "I tllo grolDld lov.1 ,;Imll rul1cct u sltong pedestrian 
un""l11lioll. c'ij>CCtnll)' [ronl.1.! >1['.""1 .. Conlnbutlng c1cnlOlllS 1I",lude. b<Jtore notlintilill In' 
eA) Artadcs~ \\ Ilh 3llCilSl nue-hull oflhc lIrtudc JX."T11lK.11!r open or de\'oted to cnlnUlc~ 

and :dlO\\ ,\-inllo\\'s 
(0, Public op.;n !Io"JXICCS, ,,;U1 provisions for shade. scatin~ urea!). Jandst:apin$. \\lIlc..T 

fealures and outdoor sculptarc:s. 
(C) Outdoor dming. ilJ\!l]S 

(D) In,,,rcsling paving deSIgn or.d linlSilcs. 
(E) Builtli~ malerials., finishl.:S und dl!lails \\hi~h an.: human-scaled. Ilouglming and nol 

harsh. 
(6) Wiod AllUlyslS, The "'I"esl for1Jddilion.1 heighl "'"II IIIclude 0 \lind slud~ urthc cll1:cL' u[ 

to"ctS O\'cr 350 fcci. parti~ulort) ClJlbCi)l3tcU UUPUClS Oll.hl.: groun<.lll!\'cl WJICn! ad\!Cf'S,t.; 
impad:,f ar~ ullIicipulcd. O1ili,gnth"c nlCtlsu..-cs shall be iochwlcd in the proPQsal 

(7) Hiswnc Rcsourcc..'S. Any dc\'dopml!nl \\-hich includt..'$ salA::s :uuVor slruClUn.!s un or I!liglhlc ror 
mclusion onuloI.: uOllonul or sl.lIU: fl.-"gi:iitl/.. of histone places Or on the Oahu r~i:;t"T or tuslOT1C 
plo.ccs wll be C\'DluolCti us to lll-': fm:.ibilit) lil1d Dpproprialcllcss of retaining t.he sHe lmd/or 
structure, For ever) ~llUf\: 1001 of blUlding un.:a of a sile and/or stnlclwc on or eligible for 
mclusion olll11c muioltB1 or ~lal-: rl.!8istcr of his lone places or on the Oahu rcgistt."T or historic 
places, 10 square feet of add monal floor area nw} be! pemllttoo abm~ 350 reet ofbudthllS 
height ·Ibis bonus shall be uVuill.lblc l!\'en ifU1C minunulIl Op...11 SlXK'c rcquil\:lnl."nlS for 
subdivision (3) nrc not m~t 

(8) rM Clearancc, TI," rC<J"""1 ror addillOnal he,ghl 'hnll IIIclude. ''''emom fro\11 tlte Fe<k...",1 
A\'IOUOII Admutistnltlon Ihullhc proposed buikling hdg.hl \, III nOl nncrrere \\ 1111 lhe opcmUUl1 
ol'tl,e lIonututu Inlemalional Airport, 

(?) Maximum D.ns't),. TIle ma,illlum "'nSil) as selt'nh ill Table 21 -3 4 sltall nOI he o.\c.,ooed. 
(' •• ) For purpo!5ll!50flhis S4.."Ction,., illl ~l.IdoJtcd public: VIC\\ M I:; ~ view Iluu ba~ lx.'<:n I\."tog.nj1..~ liS 

!'ignific:ml orol.hcm\;se worthy of protection by £In adopled ortiinance. includil1~ Articl~ 9 
(b) AppheotiolU 10 .,ccOO Q heigbl limil of 3501<>:l:olwU be pfoc,,",,-"<I P'",",,'UlIto tllC "-"quiromootslor ulOJor 

1)<,'1'1'"15 (spccinJ distrlcl). u, sci forth in s..'(;lIon 21·2 ,40·2 , 
(lidded '" Ord. 99-11) 

c:.. 21·3, 12~2 Bu,:ine) mbed Uje di!t lrh.:t U~C5 uoo deH~lopmenl slund .. nb:. 
(a) Within the b."illCSS mixed usc dlstriclS. pemlillc-c uscs"llJld 'itJU<lurcssl.lIl be.s C1'WDCl'lIled in Tuble 2t-3 , 
(b) Within the busillt.':<iS mix-cd usc districts. dc.'vclopmcnt SlliIW1l'd!C shall be tiS L"umemted in Tuble 21·,'\,4 
(e) Ack.hllouoIDc\'dopmClll Sumdmili; 

(I) [\<Cpl lor oo:essru)' neee driVel a~tJ \'illk\\n)'s, all yonls 'hall be londscopcd. 
(2J IJMX·.1 D,,1,;cl Troll,,,,o,,.1 I lelghl Scthocks, 

(A) Whl!n: n il:oning lUI aujoins 03 I'onlng lot in a n:sKit;."I1liut A·I or AMX-l di .. trict thl! 
"",id.."'Illiai distriCI hei~hl ""bocl >iIlaJJ be "pplleabt. 31 tl,< buildublc M"" bow,d.1n 
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lin. of Ihe adjoining siJc oflhe 13MX-J 'oning 101 (sec Figure 21-35) 
(B) Whcru" loning 100udjolll'" 10nuI!! 101 in on A-2. A-.1. IIMX-2. AMX-3 or rcs<>rt 

dtSlnc~ no portIon of. stmclure ,hall c\C\.'C<I40 fc'Cl in hci~hl along tl,e bUIldable 
sra.l bowuJaf} hne 011 t11~ udJOUIUI~ side Oflhc BMX·) lOIlUlg 101. IlJO\ IIJoJ tJ\lU 
[ltkhtlOll.!ll hdglll shall be p"-mUUL" if tI~ additional ht."'ght is set back one foot from 
\he buildubk uren ixlundury line lor cudl 10 (cd in heig.hl or lroelion thereof, 'I'his 
SI.-1back shall be ~I continuous plul~ rrom the lOp OftllC structure to lhe bcginUln8 of 
the .lkiitiollul I"'it!hl (= Fij!urc 21 -3.5). 

0) IJMX-l D,;!riet 'J'mnsitJOnaJ Ileight 5cthack. Whcru. 7on"'ll 101 n<\joll13" lOlling lotnl n 
rcsidl!t\llll1 . OpBrunl'Ul. lIpurtIl'\l..-'1'U mi..-.ed usc or resort district. the: height sctbnck of the 
adjoining c.listrici slmll be applicable al the bUlldl1bl~ ar~ boundar) line of the! adjoining side ot" 
Ule BMX-l 101 (SI.'C Figure 2 1-3.5). 

(4) BMX-l DislricI )[c,~ht clbock, For u min;,nw1I of 50 pc""nl of un) conlllluous st",,1 
frontLIgl!, no portion of a sl.Jut:.lurc locntoo on a 101 adjacent to a struct stwll c.'\Cu.:J u hCI~hl 
IIhi<h ;, 1IIU,'ISc'l:lod b). u pl.ue ov ..... Ihe buiklllble urt:J) \\hkh IIlnkd 1111 IIItgl" of65 deglCC> 
with the honzonl81 01 gromKl clevlllian tIlIheC~llf."f lu,,: ofthc stn.:ct (sec FiguR: 21·39) 

(5) S\l<CI Selback' aud SIr""1 T .... '<'I. 

(A) Within \It<: IJMX·.1 district.llo portion of" structure.holl .'CM u hei~hl "'1, .. 110 
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(6) 1lM.'1·.1 Dlstriel Open Sp""" [Ionus 
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OpCll ''p8CC prol;dctl. 10 "l '"'rc [CCI of floo, .'CD ",ay be oddc'<l bci<>\1 3SO fcct of 
building hclghl or s..;vcu ::iQlUm; 1(.,:1 of n()()r or~ mn}' be ad<k.-d llhovc 3:>0 r\!cl of 
bllilding h.ighl. If prul'ido!<l front yardsnmy be included •• public open ""."". 
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Din ricl 

Ocnlopment Standard R C50rt B-1 B-2 BMX-J BMX-I 

Minimum 101 Ut'B 15,000' 5,000 5,000 5,000 5,000 
(' Qu.re r"".) 

M.inimum 101 width ::end 70' 50 50 50 50 
dcp.h (fee.) 

Yard.s Front 25 10 5' 10 ror dllOlI Ulgs, 5"" 
(fcc ') : 5 for other uses' 

Side and 20' 0' 0' 5' for dclllchc,,1 0' 
rea r dwellings.. 

10 ror 
mulliramily 
dwellings. 

0> ror other uses 

Maximum building area 50 not fi."gitla lcd 

(perocnt or.oning lot) 

Ma Imum den.l.y (FAR) Lo. area (. q. fl.) FAR calc-uhallon 
resort district onl~' 

Les:; than 10,000 fAR' (.00006 x 10.0=)+ 0.4 
10,000 - 30.000 FAR · (.00002 x 10' area) + 0.8 
Over 30,000 FAR' 1.4 

M. imum den ·i.y (FAR) """ 1.0 2.5 2.5 4.0 
for other dillricu: abo\'c 

Open space A\tailable No Ves Ves 
bonus "",s.".21- s.]., . 21-3.120-2(c) 

3.1 10-I (c) 

Max FAR n/a nla 3.5 3.5 7.5 

Maximum height (fccl) per 40 per roning map per zoning map per zoning map, 
loning see Sec. 21-3. 120- 1 

map ror additional 
hei 'hi 

Height setbacks pcrs.....,. pcrs..". 21·3.1 10-1(e) per Sec. 21-3.120-2(c) 
21-

3.100-
I(c) 

I-In......-c shall be no minimum lot area. width or depth for offasitc parking faci litics. 
l'Vor duple. lots, 5 f~l ror lUl)' portion or flUY stnl(;tu.fC not localcd on 1.hc conunon 1>1'01)1...··11)' line. lhe required side 
yard is lero feet for thot portion OrOte IOl oonL1ining the ,onunon wall. 
~hcre the side or rear propert line or a "loning lol adjoins: the side or rear yard of a "loning lot in a residential, 
opanntt...,u or apartment mixed use district. there shall be.(l side or rear )'ord which confonns to thc tard I\.""quiremcnts 
fo r d \\ ell ing usc of dIe adjoining d istrict. In 3ddition, Si..."C Section 2 1-4 .70-1 fo r hmdscl:lping 3nd bufiCring 
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requirements 
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INTRODUCTION 
 
 The study site (Fig. 1) is located in western O‘ahu on the Ewa Plain.  The main portion 
(“Debartolo property,” TMK 91016108) comprises a 67-acre parcel east of Kapolei and west of 
Varona Village.  Its southern boundary is marked by Roosevelt Road and its northern boundary 
by the Kapolei Parkway.  In addition to this parcel, a 200-ft wide strip of land on State property, 
contiguous with the eastern boundary of the Debartolo property, was also studied.  The area was 
used for decades for growing sugar cane, but cultivation ceased long ago and the land 
abandoned.  The southern part of the study area is an abandoned quarry, with large hills of 
excavated material in the center of the property lying north of a large barrow pit.  Most of the 
rest of the site, including the State land to the east, is covered with non-native grasslands with or 
without shrubs and scattered trees. 
 

METHODOLOGY 
 

Before the fieldwork was carried out, a review of the literature was undertaken by the 
principal investigator.  The current status of the endangered species previously reported from the 
surrounding area was checked using the official database of threatened and endangered plant 
species (USFWS 2005).  This list is identical to the State of Hawai‘i list of threatened and 
endangered species.  In addition, information about threatened and endangered plant species 
found in the area was extracted from the Hawai‘i Natural Heritage Program database (Anon. 
2005) of Federally Listed Plant Species (see Fig. 2).  Several botanical surveys have been carried 
out in the area, the most relevant of which were by Nagata (1996), Char and Associates (1997a, 
2003, and 2004), and Whistler (2007).  An endangered plant species, ko‘oloa‘ula (Abutilon 
menziesii), was found in the area by Nagata in 1996, and a mitigation plan for the species was 
prepared and carried out by the State (DLNR 2003). 

After the literature review, a botanical field survey was conducted on the study area and the 
adjacent State property by the principal investigator on 25 June 2011.  A “walk-through survey” 
was employed, and all plant species encountered were recorded, along with an indication of their 
frequency.  Particular care was taken in looking for the federally listed endangered plant species 
ko‘oloa‘ula (Abutilon menziesii).  The species encountered were incorporated into a checklist of 
all plants found at the study site (see Appendix I).  Notes were also taken on vegetation types 
present, indicating the dominance and frequency of the plant species found there.  These notes 
were written up into the vegetation description below.  All the species encountered during the 
fieldwork were familiar to the principal investigator and were identified in the field.   
 The objectives of the current field study were to provide a general description of the 
vegetation types present at the site (particularly any sensitive types of vegetation that may harbor 
rare plant species), to make a checklist of all native and naturalized vascular plants encountered, 
to search for threatened and endangered species; and to determine whether any threatened or 
endangered plant species or sensitive types of vegetation (plant communities) present would be 
adversely affected by the proposed action.   
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Fig. 1. The Debartolo study site. 
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Fig. 2.  Hawai‘i Natural Heritage Program database map of Federally Listed Plant Species in the 

vicinity of the Debartolo property study site (marked as TMK 91016018). 
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PREVIOUS LITERATURE 
 
 The study site is located in an area used for decades for cultivating sugar cane, but when this 
industry ceased operations in the area, the land was earmarked for development.  A botanical 
survey was carried in 1996 on an area of approximately 1300 acres for the East Kapolei Master 
Plan, which includes the present study site (Nagata 1996).  No native plant communities were 
found in the area, and 99 plant species were recorded.  Among the 99 were five native species.  
Four of these are common and widespread, but a population of 38 individuals of the federally 
listed endangered plant ko‘oloa‘ula (Abutilon menziesii), clustered in four groups, was found and 
mapped.  None of these individuals were recorded on the present study site, but some were very 
close to it.  Since the land had been so heavily disturbed for so long, the USFWS determined that 
the populations were “secondary in origin.” 

Char and Associates (1997a) did a follow-up survey on the ko‘oloa‘ula populations in late 
1996 after a heavy rainy period and recorded 88 individuals that they grouped into three colonies 
(lumping two of Nagata’s groups into one, but not finding his northern-most population).  They 
recommended a mitigation plan be initiated.  This plan was eventually carried out (DLNR 2003).  
Seedlings and cuttings were propagated and some were outplanted to establish new wild 
populations in appropriate habitat near Ka‘ena Point and in the Koko Crater botanical garden. 

Char and Associates (1997b) did another botanical survey in 1996 the area for the proposed 
North-South Road Corridor.  This area is north of and nearly contiguous with the present study 
site.  They recorded 80 plant species present in this proposed corridor, five of them native or 
possibly native: ‘uhaloa (Waltheria indica), popolo (Solanum americanum), ‘ilima (Sida fallax), 
ma‘o (Abutilon incanum), and ko‘oloa‘ula (Abutilon menziesii).  These are the same five native 
species recorded by Nagata (1996).  The first four are common indigenous species, and the latter 
one a federally listed endangered plant species.  Like Nagata, they found no native vegetation.   

Another botanical survey was carried out in the area for the site of the proposed University 
of Hawai‘i West O‘ahu campus north of the present study site (Char and Associates 2003).  
During that survey of the 500-acre parcel, 95 plant species were encountered.  This included six 
native species: the same five listed above by both Char and Associates (1997b) and Nagata 
(1996), as well as the indigenous pa‘u-o-Hi‘iaka (Jacquemontia ovalifolia), which is a common 
littoral plant in Hawai‘i.  No native vegetation was found, which was to be expected in this 
heavily disturbed area. 

Char and Associates (2004) did another survey in the area for the “Kapolei Parkway 
Extension from North-South Road to OR&L Right of Way,” which lies just east of the present 
study site.  The western border of this site is contiguous with the eastern boundary of the 
Debartolo property, and hence its western-most 200 feet comprise the same area as the 200-ft 
wide corridor on State land that was studied during the present survey.  The number of plant 
species found during this survey was not cited, but the same six native species encountered on 
the surveys listed above were recorded here.  Char and Associates also found five new locations 
for ko‘oloa‘ula, but only one to a few individuals were found at each (Fig. 2 notes only 3 
individuals total).   

The most recent survey of the present study site was done several years ago by the present 
author (Whistler 2007).  In that survey, which included a 500-ft wide State-owned corridor on 
the east side, 58 plant species were found, only four of them native.  Three of the native species 
were common indigenous species, but a single individual of the endangered Abutilon menziesii 
(ko‘oloa‘ula) was also found in the adjacent 500 ft wide corridor. 
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THE VEGETATION 

 
 Two types of vegetation can be recognized at the study site: (1) Managed Land Vegetation; 
and (2) Buffel Grass Grassland.  Both of these are classified as “disturbed vegetation,” with only 
a few native species present.  The latter type is not homogeneous, since it may be with or without 
kiawe trees or other species of shrubs, but the subtypes are united by the matrix of Buffel grass 
that they share.  The vegetation types are described below.  These are the same as those 
recognized in the previous botanical survey of the study site (Whistler 2007). 
 

(1) Managed Land Vegetation  
 
 This comprises the vegetation on areas that are under periodic or frequent management, such 
as roadsides and unpaved roads (Fig. 3).  The major portion of the Managed Land Vegetation at 
the site comprises the areas that have been used as a quarry on the southern half of the Debartolo 
property.  This includes a large barrow pit and piles of excavated soil (Fig. 4) that cover most of 
the southern portion of the site.  Much of the area, particularly the northern portion of the site 
and the adjacent State property, was probably once cultivated with sugar cane, but there is no 
sign of this cultivation or the sugar cane at the present time.  The dominant plant species in this 
type of vegetation, especially along roadsides, include Atriplex semibaccata (Australian 
saltbush), swollen fingergrass (Chloris barbata), weedy heliotrope (Heliotropium procumbens), 
Sida ciliaris (no common name), and Dahlberg daisy (Dyssodia tenuiloba), and lesser amounts 
of other weedy species. 
 

(2) Buffel Grass Grassland 
 
 This is a heterogeneous assemblage of subtypes united by the dominance of Buffel grass 
(Cenchrus ciliaris) as the ground cover.  It was described as “Fallowed Fields Mixed Herb 
Associations” by Nagata (1996), and “mixed grass shrubland” by Char and Associates (1997b), 
and is the category recognized in the most recent botanical survey of the site (Whistler 2007).  
No other herbaceous species approaches the dominance of Buffel grass in this vegetation.  In 
some places it is almost entirely this species, but in others it is mixed with lesser amounts of 
alien weedy species, particularly partridge pea (Chamaecrista nictitans), golden crown-beard 
(Verbesina encelioides), Guinea grass (Panicum maximum), fuzzy rattlepod (Crotalaria incana), 
and wild bushbean (Macroptilium atropurpureum), and the common native ‘uhaloa (Waltheria 
indica).  In other places, scattered individuals of the trees koa haole (Leucaena leucocephala), 
kiawe (Prosopis pallida), and ‘opiuma (Pithecellobium dulce) are present  
(Fig. 5).  The State property to the east of the Debartolo property is also covered with a dense 
matrix of Buffel grass, mixed with lesser amounts of other herbaceous species.  A single shrub of 
the endangered ko‘oloa‘ula was found here during the 2007 survey, but it was not seen during 
the present survey and in any case was not within the 200 ft wide zone studied this time.   
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THE FLORA 
 
 Sixty-seven plant species were recorded at the study site (see Appendix 1) during the 
present survey.  This included 19 species not found during the previous survey (Whistler 2007), 
but ten species found during that earlier survey were not found this time.  Only six of the 77 
species found during the two surveys are native, five of them indigenous, one endemic.  
Indigenous plants are species native to a region or place, but are also found elsewhere.  Endemic 
plants are species restricted to a single region or area, i.e., in the case of Hawai‘i, they are found 
only in Hawai‘i.  In biodiversity terms, the endemic status is the more important of the two 
categories, since if a species belonging to it is endangered or threatened in Hawai‘i, it would 
likewise be classified globally.  Indigenous species, however, can be rare in Hawai‘i, but may be 
common elsewhere in the Pacific.  Over 90% of the native plants in Hawai‘i are endemic, one of 
the highest rates in the world.  The majority of the 67 species encountered during the survey are 
naturalized or weedy “alien” plants that were accidentally or intentionally introduced to Hawai‘i, 
but which have now become established in the islands and can spread on their own.   
 All five of the indigenous species found during the two surveys are common or occasional 
species.  Two of them, ‘uhaloa (Waltheria indica) and ‘ilima (Sida fallax), are widespread 
species common in disturbed habitats in Hawai‘i.  The third, Jacquemontia ovalifolia (pa‘u-o-
Hi‘i‘aka), is found in the Caribbean in addition to Hawai‘i.  The fourth, hoary abutilon (Abutilon 
incanum), is occasional, but is only questionably native in Hawai‘i.  The fifth, alena (Boerhavia 
repens), was not found during the present survey, but is common in Hawai‘i.  The endemic 
species, ko‘oloa‘ula (Abutilon menziesii), is a federally listed endangered species, but it was not 
found on the site during the present survey. 

The previous survey was conducted during a dry summer (August 2007) in an exceptional 
drought year.  Although the present survey was also conducted during the dry season, this year 
so far has 50% above the average rainfall, and the last two months (May and June) have had four 
times the normal rainfall for this period.  This has resulted in an unusually verdant lowland 
condition for this time of year.  This probably accounts for the number of new species recorded 
for the site (19).   
 

DISCUSSION  
 
 The study was conducted in June 2011.  Two types of vegetation can be recognized at the 
site: Managed Land Vegetation and Buffel Grass Grassland.  Both of these are heavily disturbed.  
The latter is heterogeneous, with subtypes most notably recognized by the presence or absence 
of trees or shrubs in the matrix of Buffel grass.  No native vegetation is present due to the 
decades of sugar cane cultivation.  Likewise, no wetlands were found, since the area is so dry 
and the soil unsuitable for this kind of vegetation.   

Sixty-seven plant species were found during the survey, four of them indigenous: ‘ilima 
(Sida fallax), ‘uhaloa (Waltheria indica), pa‘u-o-Hi‘i‘aka (Jacquemontia ovalifolia), and ma‘o 
(Abutilon incanum).  The first three are common in Hawai‘i, often in disturbed places, the latter 
is occasional (and is questionably native).  Only two other indigenous species have been reported 
from the area during previous surveys, popolo (Solanum americanum) and alena (Boerhavia 
repens).  Both are widespread and common indigenous plants in Hawai‘i.  Ten other species 
found during the previous survey (Whistler 2007) were not found during the present one, but all 
except one of these are weedy alien species that were listed as “uncommon” in the 2007 report.   
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One endangered species was found in the area during previous surveys, ko‘oloa‘ula 
(Abutilon menziesii).  Ko‘oloa‘ula is a much-branched shrub belonging to the mallow family 
Malvaceae.  It is now rare in the lowlands of Hawai‘i, and was listed as Endangered in 1986 
(Federal Register 1986).  Prior to 1996, only a few plants had been found on O‘ahu, but in that 
year a population of 38 individuals was discovered in abandoned sugar cane fields (Nagata 
1996).  A later survey after a period of heavy rain recorded 88 individuals (Char and Associates 
1997a).  A single individual was found during the 2007 survey about 270 feet east of the western 
boundary of the State property, and is apparently the same individual recorded by Char and 
Associates (2003) at “location no. 5.”  If it still exists, it was not seen during the present survey, 
and in any case, it was east of the present study area.   

The present survey was carried out in the dry season, but this has been a very wet year and it 
is unlikely that more species would be found during a wet season survey.  Any additional species 
would most likely be alien weeds in any case.  
 

CONCLUSIONS 
 

Two botanical factors can complicate proposed construction in Hawai‘i.  One is the 
presence of sensitive types of vegetation, the other is the presence of endangered plant species.  
Sensitive vegetation includes wetlands and native forest.  No wetlands or native forests are found 
in the area, since the topography is not suitable (no basins) and the area is so highly disturbed.  
Only four native species turned up in the survey, all of them indigenous and none are rare in 
Hawai‘i.  The only plant that could cause any problem is the federally listed ko‘oloa‘ula, but it 
was not found in the study area during the present survey, nor in any previous survey. 

Consequently, there are no botanical reasons why development of the parcel cannot take 
place.  This includes the main parcel and the 200 ft wide strip of State land.  All of the proposed 
development is on very disturbed land. 
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APPENDIX 1. PLANT SPECIES CHECKLIST 
 

The following is a checklist of the vascular plants inventoried during the field study at the 
Debartolo and adjacent State properties during the 2011 survey.  The plants are divided into two 
groups, Monocots, and Dicots.  Within these groups, the species are presented taxonomically by 
family, with each family and each species in the family in alphabetical order.  The taxonomy and 
nomenclature follow Wagner et al. (1999).  In most cases, common English and/or Hawaiian 
names listed here have been taken from St. John (1973) or Porter (1972).  
 
 
For each species, the following information is provided: 
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1. Scientific name with author citation. 
2. Common English and/or Hawaiian name, when known. 
3. Biogeographic status.  The following symbols are used. 

E = endemic (found only in Hawai‘i). 
I = indigenous (native to Hawai‘i as well as other geographic areas). 
P = Polynesian introduction (introduced to Hawai‘i by Polynesians before the advent of the 

  Europeans). 
X = Introduced or alien (not native, introduced to Hawai‘i, either accidentally or  

intentionally, after the advent of the Europeans). 
4. Relative frequency (abundant, locally abundant, common, locally common,  

occasional, uncommon, rare). 
* Indicates new species not recorded during the 2007 survey. 
 
-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 

MONOCOTS 
 POACEAE (Grass Family) 
Cenchrus ciliaris L.      Buffel grass    X  abundant 
*Cenchrus echinatus L.     sandbur     X  uncommon 
Chloris barbata (L.) Sw.     swollen fingergrass  X  common 
Cynodon dactylon (L.) Pers.    Bermuda grass   X  locally common 
*Dactyloctenium aegyptium (L.) Willd.  beach wiregrass   X   uncommon 
*Digitaria cf. violascens Link    violet crabgrass   X  rare 
Eragrostis cf. cilianensis (All.) Link  stink grass    X 
Panicum maximum Jacq.     Guinea grass    X  occasional 
Rhynchelytrum repens (Willd.) C.E. Hubb. Natal redtop    X  uncommon 
*Setaria verticillata (L.) P. Beauv.   bristly foxtail   X  locally common 
 

DICOTS 
 AMARANTHACEAE (Amaranth Family) 
*Achyranthes aspera L.     ----------     X  uncommon 
*Amaranthus pungens Kunth    khaki weed    X  uncommon 
Amaranthus spinosus L.     spiny amaranth   X  occasional 
*Amaranthus viridis L.     slender amaranth   X  rare 
 ANACARDIACEAE (Mango Family) 
Schinus terebinthifolius Raddi    Christmas berry   X  not found 2011 
 AIZOACEAE (Carpetweed Family) 
Tetragonia tetragonioides (Pall.) Kuntze New Zealand spinach  X  uncommon 

ASTERACEAE (Sunflower Family) 
*Bidens pilosa L.       beggar’s-tick    X  uncommon 
Conyza bonariensis (L.) Cronq.   hairy horseweed   X   occasional 
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-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 
 ASTERACEAE (cont’d.) 
Dyssodia tenuiloba A.P. de Candolle  Dahlberg daisy   X  locally common 
*Emilia fosbergii Nicolson    red pualele, emilia  X  uncommon 
*Lactuca serriola L.      prickly lettuce   X  occasional 
Pluchea carolinensis (Jacq.) G. Don  pluchea     X  common 
Pluchea xfosbergii Cooperr. & Galang  hybrid pluchea   X  not found 2011 
Pluchea indica (L.) Less.     Indian pluchea   X  not found 2011 
Sonchus oleraceus L.      sow thistle    X  occasional 
Tridax procumbens L.      coat buttons    X  occasional 
Verbesina encelioides    

(Cav.) Benth. & Hook.    golden crownbeard  X  common 
*Xanthium strumarium L.     cocklebur    X  uncommon 
 BIGNONIACEAE (Bignonia Family) 
Spathodea campanulata P. Beauv.   African tulip tree   X  uncommon 
 BORAGINACEAE (Heliotrope Family) 
Cordia dichotoma Forst. f.     sebestan     X  occasional 
Heliotropium procumbens Mill.   weedy heliotrope   X  locally common 
 BRASSICACEAE (Mustard Family) 
*Lepidium virginicum L.     wild peppergrass   X  uncommon 
 CHENOPODIACEAE (Goosefoot Family) 
Atriplex semibaccata R. Br.    Australian saltbush  X  common 
Atriplex subrecta Verd.     ----------     X  not found 2011 
Salsola kali L.       Russian thistle   X  not found 2011 

CONVOLVULACEAE (Morning-Glory Family) 
Ipomoea obscura (L.) Ker-Gawl.   bindweed    X  occasional 
*Ipomoea triloba L.      pink bindweed   X  uncommon 
*Jacquemontia ovalifolia (Choisy) H. Hall. pa‘u-o-Hi‘i‘aka    I  rare 
Merremia aegyptia (L.) Urb.    hairy merremia   X  occasional 

CUCURBITACEAE (Gourd Family) 
Coccinea grandis (L.) Voigt    ivy gourd    X  rare 
Cucumis dipsaceus Ehrenb. ex Spach  wild cucumber    X  occasional 
Momordica charantia L.     wild bittermelon   X  uncommon 

EUPHORBIACEAE (Spurge Family) 
Chamaesyce hirta (L.) Millsp.    garden spurge   X  common 
Chamaesyce hypericifolia (L.) Millsp.  graceful spurge   X  common 
*Chamaesyce prostrata (Aiton) Small  prostrate spurge   X  occasional 
Ricinus communis L.      castor bean    X  occasional 
 FABACEAE (Pea Family) 
Acacia confusa Merr.      Formosan koa   X  not found 2011 
Acacia farnesiana (L.) Willd.    klu      X  rare 
Chamaecrista nictitans (L.) Moench  partridge pea, lau-ki  X  locally common 
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-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 
 FABACEAE (cont’d.) 
Crotalaria incana L.      fuzzy rattlepod   X  common 
*Crotalaria pallida Aiton     smooth rattlepod   X  uncommon 
Desmanthus pernambucanus (L.) Thellung  virgate mimosa   X  common 
Desmodium tortuosum (Sw.) DC.   Florida beggarweed  X  occasional 
Indigofera spicata Forssk.     creeping indigo   X  locally common 
Indigofera suffruticosa Mill.    indigo, ‘iniko   X  occasional 
Leucaena leucocephala (Lam.) de Wit  koa haole    X  common 
Macroptilium atropurpureum (DC) Urb. wild bushbean   X  locally common 
Medicago polymorpha L.     bur clover    X  not found 2011 
Pithecellobium dulce (Roxb.) Benth.  ‘opiuma, Manila    X  locally common 

     tamarind 
Prosopis pallida (Humb. & Bonpl. ex  kiawe, mesquite   X  occasional 

Willd.) Kunth 
Samanea saman (Jacq.) Merr.    monkeypod    X  not found 2011 

LAMIACEAE (Mint Family) 
Leonotis nepetifolia (L.) R. Br.    orange lion’s-ear   X  occasional 

MALVACEAE (Mallow Family) 
Abutilon grandifolium (Willd.) Sweet  hairy abutilon   X  uncommon 
Abutilon incanum (Link) Sweet   ma‘o, hoary abutilon   I?  uncommon 
Abutilon menziesii Seem.     ko‘oloa ‘ula    E  not found 2011 
*Malvastrum coromandelianum (L.) Garcke false mallow    X  occasional 
Sida ciliaris L.       ----------     X  locally common 
Sida fallax Walp.       ‘ilima      I  occasional 
Sida rhombifolia L.      Cuba jute    X  uncommon 
Sida spinosa L.       prickly sida    X  locally common 

NYCTAGINACEAE (Four-o’-Clock Family) 
Boerhavia repens R. Br.     alena, nena     I  not found 2011 

PASSIFLORACEAE (Passionflower Family) 
Passiflora foetida L.      love-in-a-mist   X  uncommon 
 SOLANACEAE (Nightshade Family) 
Datura stramonium L.     Jimson weed    X  uncommon 
*Lycopersicon pimpinellifolium (Jusl.) Mill. currant tomato   X  common 
Nicotiana glauca R. C. Graham   tree tobacco    X  occasional 
 STERCULIACEAE (Cacao Family) 
Waltheria indica L.      ‘uhaloa      I  common 

VERBENACEAE (Verbena Family) 
*Stachytarpheta jamaicensis (L.) Vahl  Jamaica vervain, oi, owi X  occasional 
-------------------------------------------------------------------------------------------------------------------- 
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Fig. 3. Managed Land Vegetation at the study site. 

 

 
Fig. 4. View from a hill showing quarrying deposits and Buffel Grass Grassland. 
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Fig. 5. Buffel Grass Grassland with scattered trees. 
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INTRODUCTION 
 
 The study site (Fig. 1) is located in western O‘ahu on the Ewa Plain.  The main portion 
(“Debartolo property,” TMK 91016108) comprises a 67-acre parcel east of Kapolei and west of 
Varona Village.  Its southern boundary is marked by Roosevelt Road and its northern boundary 
by the Kapolei Parkway.  In addition to this parcel, a 200-ft wide strip of land on State property, 
contiguous with the eastern boundary of the Debartolo property, was also studied.  The area was 
used for decades for growing sugar cane, but cultivation ceased long ago and the land 
abandoned.  The southern part of the study area is an abandoned quarry, with large hills of 
excavated material in the center of the property lying north of a large barrow pit.  Most of the 
rest of the site, including the State land to the east, is covered with non-native grasslands with or 
without shrubs and scattered trees. 
 

METHODOLOGY 
 

Before the fieldwork was carried out, a review of the literature was undertaken by the 
principal investigator.  The current status of the endangered species previously reported from the 
surrounding area was checked using the official database of threatened and endangered plant 
species (USFWS 2005).  This list is identical to the State of Hawai‘i list of threatened and 
endangered species.  In addition, information about threatened and endangered plant species 
found in the area was extracted from the Hawai‘i Natural Heritage Program database (Anon. 
2005) of Federally Listed Plant Species (see Fig. 2).  Several botanical surveys have been carried 
out in the area, the most relevant of which were by Nagata (1996), Char and Associates (1997a, 
2003, and 2004), and Whistler (2007).  An endangered plant species, ko‘oloa‘ula (Abutilon 
menziesii), was found in the area by Nagata in 1996, and a mitigation plan for the species was 
prepared and carried out by the State (DLNR 2003). 

After the literature review, a botanical field survey was conducted on the study area and the 
adjacent State property by the principal investigator on 25 June 2011.  A “walk-through survey” 
was employed, and all plant species encountered were recorded, along with an indication of their 
frequency.  Particular care was taken in looking for the federally listed endangered plant species 
ko‘oloa‘ula (Abutilon menziesii).  The species encountered were incorporated into a checklist of 
all plants found at the study site (see Appendix I).  Notes were also taken on vegetation types 
present, indicating the dominance and frequency of the plant species found there.  These notes 
were written up into the vegetation description below.  All the species encountered during the 
fieldwork were familiar to the principal investigator and were identified in the field.   
 The objectives of the current field study were to provide a general description of the 
vegetation types present at the site (particularly any sensitive types of vegetation that may harbor 
rare plant species), to make a checklist of all native and naturalized vascular plants encountered, 
to search for threatened and endangered species; and to determine whether any threatened or 
endangered plant species or sensitive types of vegetation (plant communities) present would be 
adversely affected by the proposed action.   
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Fig. 1. The Debartolo study site. 
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Fig. 2.  Hawai‘i Natural Heritage Program database map of Federally Listed Plant Species in the 

vicinity of the Debartolo property study site (marked as TMK 91016018). 
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PREVIOUS LITERATURE 
 
 The study site is located in an area used for decades for cultivating sugar cane, but when this 
industry ceased operations in the area, the land was earmarked for development.  A botanical 
survey was carried in 1996 on an area of approximately 1300 acres for the East Kapolei Master 
Plan, which includes the present study site (Nagata 1996).  No native plant communities were 
found in the area, and 99 plant species were recorded.  Among the 99 were five native species.  
Four of these are common and widespread, but a population of 38 individuals of the federally 
listed endangered plant ko‘oloa‘ula (Abutilon menziesii), clustered in four groups, was found and 
mapped.  None of these individuals were recorded on the present study site, but some were very 
close to it.  Since the land had been so heavily disturbed for so long, the USFWS determined that 
the populations were “secondary in origin.” 

Char and Associates (1997a) did a follow-up survey on the ko‘oloa‘ula populations in late 
1996 after a heavy rainy period and recorded 88 individuals that they grouped into three colonies 
(lumping two of Nagata’s groups into one, but not finding his northern-most population).  They 
recommended a mitigation plan be initiated.  This plan was eventually carried out (DLNR 2003).  
Seedlings and cuttings were propagated and some were outplanted to establish new wild 
populations in appropriate habitat near Ka‘ena Point and in the Koko Crater botanical garden. 

Char and Associates (1997b) did another botanical survey in 1996 the area for the proposed 
North-South Road Corridor.  This area is north of and nearly contiguous with the present study 
site.  They recorded 80 plant species present in this proposed corridor, five of them native or 
possibly native: ‘uhaloa (Waltheria indica), popolo (Solanum americanum), ‘ilima (Sida fallax), 
ma‘o (Abutilon incanum), and ko‘oloa‘ula (Abutilon menziesii).  These are the same five native 
species recorded by Nagata (1996).  The first four are common indigenous species, and the latter 
one a federally listed endangered plant species.  Like Nagata, they found no native vegetation.   

Another botanical survey was carried out in the area for the site of the proposed University 
of Hawai‘i West O‘ahu campus north of the present study site (Char and Associates 2003).  
During that survey of the 500-acre parcel, 95 plant species were encountered.  This included six 
native species: the same five listed above by both Char and Associates (1997b) and Nagata 
(1996), as well as the indigenous pa‘u-o-Hi‘iaka (Jacquemontia ovalifolia), which is a common 
littoral plant in Hawai‘i.  No native vegetation was found, which was to be expected in this 
heavily disturbed area. 

Char and Associates (2004) did another survey in the area for the “Kapolei Parkway 
Extension from North-South Road to OR&L Right of Way,” which lies just east of the present 
study site.  The western border of this site is contiguous with the eastern boundary of the 
Debartolo property, and hence its western-most 200 feet comprise the same area as the 200-ft 
wide corridor on State land that was studied during the present survey.  The number of plant 
species found during this survey was not cited, but the same six native species encountered on 
the surveys listed above were recorded here.  Char and Associates also found five new locations 
for ko‘oloa‘ula, but only one to a few individuals were found at each (Fig. 2 notes only 3 
individuals total).   

The most recent survey of the present study site was done several years ago by the present 
author (Whistler 2007).  In that survey, which included a 500-ft wide State-owned corridor on 
the east side, 58 plant species were found, only four of them native.  Three of the native species 
were common indigenous species, but a single individual of the endangered Abutilon menziesii 
(ko‘oloa‘ula) was also found in the adjacent 500 ft wide corridor. 
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THE VEGETATION 

 
 Two types of vegetation can be recognized at the study site: (1) Managed Land Vegetation; 
and (2) Buffel Grass Grassland.  Both of these are classified as “disturbed vegetation,” with only 
a few native species present.  The latter type is not homogeneous, since it may be with or without 
kiawe trees or other species of shrubs, but the subtypes are united by the matrix of Buffel grass 
that they share.  The vegetation types are described below.  These are the same as those 
recognized in the previous botanical survey of the study site (Whistler 2007). 
 

(1) Managed Land Vegetation  
 
 This comprises the vegetation on areas that are under periodic or frequent management, such 
as roadsides and unpaved roads (Fig. 3).  The major portion of the Managed Land Vegetation at 
the site comprises the areas that have been used as a quarry on the southern half of the Debartolo 
property.  This includes a large barrow pit and piles of excavated soil (Fig. 4) that cover most of 
the southern portion of the site.  Much of the area, particularly the northern portion of the site 
and the adjacent State property, was probably once cultivated with sugar cane, but there is no 
sign of this cultivation or the sugar cane at the present time.  The dominant plant species in this 
type of vegetation, especially along roadsides, include Atriplex semibaccata (Australian 
saltbush), swollen fingergrass (Chloris barbata), weedy heliotrope (Heliotropium procumbens), 
Sida ciliaris (no common name), and Dahlberg daisy (Dyssodia tenuiloba), and lesser amounts 
of other weedy species. 
 

(2) Buffel Grass Grassland 
 
 This is a heterogeneous assemblage of subtypes united by the dominance of Buffel grass 
(Cenchrus ciliaris) as the ground cover.  It was described as “Fallowed Fields Mixed Herb 
Associations” by Nagata (1996), and “mixed grass shrubland” by Char and Associates (1997b), 
and is the category recognized in the most recent botanical survey of the site (Whistler 2007).  
No other herbaceous species approaches the dominance of Buffel grass in this vegetation.  In 
some places it is almost entirely this species, but in others it is mixed with lesser amounts of 
alien weedy species, particularly partridge pea (Chamaecrista nictitans), golden crown-beard 
(Verbesina encelioides), Guinea grass (Panicum maximum), fuzzy rattlepod (Crotalaria incana), 
and wild bushbean (Macroptilium atropurpureum), and the common native ‘uhaloa (Waltheria 
indica).  In other places, scattered individuals of the trees koa haole (Leucaena leucocephala), 
kiawe (Prosopis pallida), and ‘opiuma (Pithecellobium dulce) are present  
(Fig. 5).  The State property to the east of the Debartolo property is also covered with a dense 
matrix of Buffel grass, mixed with lesser amounts of other herbaceous species.  A single shrub of 
the endangered ko‘oloa‘ula was found here during the 2007 survey, but it was not seen during 
the present survey and in any case was not within the 200 ft wide zone studied this time.   
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THE FLORA 
 
 Sixty-seven plant species were recorded at the study site (see Appendix 1) during the 
present survey.  This included 19 species not found during the previous survey (Whistler 2007), 
but ten species found during that earlier survey were not found this time.  Only six of the 77 
species found during the two surveys are native, five of them indigenous, one endemic.  
Indigenous plants are species native to a region or place, but are also found elsewhere.  Endemic 
plants are species restricted to a single region or area, i.e., in the case of Hawai‘i, they are found 
only in Hawai‘i.  In biodiversity terms, the endemic status is the more important of the two 
categories, since if a species belonging to it is endangered or threatened in Hawai‘i, it would 
likewise be classified globally.  Indigenous species, however, can be rare in Hawai‘i, but may be 
common elsewhere in the Pacific.  Over 90% of the native plants in Hawai‘i are endemic, one of 
the highest rates in the world.  The majority of the 67 species encountered during the survey are 
naturalized or weedy “alien” plants that were accidentally or intentionally introduced to Hawai‘i, 
but which have now become established in the islands and can spread on their own.   
 All five of the indigenous species found during the two surveys are common or occasional 
species.  Two of them, ‘uhaloa (Waltheria indica) and ‘ilima (Sida fallax), are widespread 
species common in disturbed habitats in Hawai‘i.  The third, Jacquemontia ovalifolia (pa‘u-o-
Hi‘i‘aka), is found in the Caribbean in addition to Hawai‘i.  The fourth, hoary abutilon (Abutilon 
incanum), is occasional, but is only questionably native in Hawai‘i.  The fifth, alena (Boerhavia 
repens), was not found during the present survey, but is common in Hawai‘i.  The endemic 
species, ko‘oloa‘ula (Abutilon menziesii), is a federally listed endangered species, but it was not 
found on the site during the present survey. 

The previous survey was conducted during a dry summer (August 2007) in an exceptional 
drought year.  Although the present survey was also conducted during the dry season, this year 
so far has 50% above the average rainfall, and the last two months (May and June) have had four 
times the normal rainfall for this period.  This has resulted in an unusually verdant lowland 
condition for this time of year.  This probably accounts for the number of new species recorded 
for the site (19).   
 

DISCUSSION  
 
 The study was conducted in June 2011.  Two types of vegetation can be recognized at the 
site: Managed Land Vegetation and Buffel Grass Grassland.  Both of these are heavily disturbed.  
The latter is heterogeneous, with subtypes most notably recognized by the presence or absence 
of trees or shrubs in the matrix of Buffel grass.  No native vegetation is present due to the 
decades of sugar cane cultivation.  Likewise, no wetlands were found, since the area is so dry 
and the soil unsuitable for this kind of vegetation.   

Sixty-seven plant species were found during the survey, four of them indigenous: ‘ilima 
(Sida fallax), ‘uhaloa (Waltheria indica), pa‘u-o-Hi‘i‘aka (Jacquemontia ovalifolia), and ma‘o 
(Abutilon incanum).  The first three are common in Hawai‘i, often in disturbed places, the latter 
is occasional (and is questionably native).  Only two other indigenous species have been reported 
from the area during previous surveys, popolo (Solanum americanum) and alena (Boerhavia 
repens).  Both are widespread and common indigenous plants in Hawai‘i.  Ten other species 
found during the previous survey (Whistler 2007) were not found during the present one, but all 
except one of these are weedy alien species that were listed as “uncommon” in the 2007 report.   
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One endangered species was found in the area during previous surveys, ko‘oloa‘ula 
(Abutilon menziesii).  Ko‘oloa‘ula is a much-branched shrub belonging to the mallow family 
Malvaceae.  It is now rare in the lowlands of Hawai‘i, and was listed as Endangered in 1986 
(Federal Register 1986).  Prior to 1996, only a few plants had been found on O‘ahu, but in that 
year a population of 38 individuals was discovered in abandoned sugar cane fields (Nagata 
1996).  A later survey after a period of heavy rain recorded 88 individuals (Char and Associates 
1997a).  A single individual was found during the 2007 survey about 270 feet east of the western 
boundary of the State property, and is apparently the same individual recorded by Char and 
Associates (2003) at “location no. 5.”  If it still exists, it was not seen during the present survey, 
and in any case, it was east of the present study area.   

The present survey was carried out in the dry season, but this has been a very wet year and it 
is unlikely that more species would be found during a wet season survey.  Any additional species 
would most likely be alien weeds in any case.  
 

CONCLUSIONS 
 

Two botanical factors can complicate proposed construction in Hawai‘i.  One is the 
presence of sensitive types of vegetation, the other is the presence of endangered plant species.  
Sensitive vegetation includes wetlands and native forest.  No wetlands or native forests are found 
in the area, since the topography is not suitable (no basins) and the area is so highly disturbed.  
Only four native species turned up in the survey, all of them indigenous and none are rare in 
Hawai‘i.  The only plant that could cause any problem is the federally listed ko‘oloa‘ula, but it 
was not found in the study area during the present survey, nor in any previous survey. 

Consequently, there are no botanical reasons why development of the parcel cannot take 
place.  This includes the main parcel and the 200 ft wide strip of State land.  All of the proposed 
development is on very disturbed land. 
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APPENDIX 1. PLANT SPECIES CHECKLIST 
 

The following is a checklist of the vascular plants inventoried during the field study at the 
Debartolo and adjacent State properties during the 2011 survey.  The plants are divided into two 
groups, Monocots, and Dicots.  Within these groups, the species are presented taxonomically by 
family, with each family and each species in the family in alphabetical order.  The taxonomy and 
nomenclature follow Wagner et al. (1999).  In most cases, common English and/or Hawaiian 
names listed here have been taken from St. John (1973) or Porter (1972).  
 
 
For each species, the following information is provided: 
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1. Scientific name with author citation. 
2. Common English and/or Hawaiian name, when known. 
3. Biogeographic status.  The following symbols are used. 

E = endemic (found only in Hawai‘i). 
I = indigenous (native to Hawai‘i as well as other geographic areas). 
P = Polynesian introduction (introduced to Hawai‘i by Polynesians before the advent of the 

  Europeans). 
X = Introduced or alien (not native, introduced to Hawai‘i, either accidentally or  

intentionally, after the advent of the Europeans). 
4. Relative frequency (abundant, locally abundant, common, locally common,  

occasional, uncommon, rare). 
* Indicates new species not recorded during the 2007 survey. 
 
-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 

MONOCOTS 
 POACEAE (Grass Family) 
Cenchrus ciliaris L.      Buffel grass    X  abundant 
*Cenchrus echinatus L.     sandbur     X  uncommon 
Chloris barbata (L.) Sw.     swollen fingergrass  X  common 
Cynodon dactylon (L.) Pers.    Bermuda grass   X  locally common 
*Dactyloctenium aegyptium (L.) Willd.  beach wiregrass   X   uncommon 
*Digitaria cf. violascens Link    violet crabgrass   X  rare 
Eragrostis cf. cilianensis (All.) Link  stink grass    X 
Panicum maximum Jacq.     Guinea grass    X  occasional 
Rhynchelytrum repens (Willd.) C.E. Hubb. Natal redtop    X  uncommon 
*Setaria verticillata (L.) P. Beauv.   bristly foxtail   X  locally common 
 

DICOTS 
 AMARANTHACEAE (Amaranth Family) 
*Achyranthes aspera L.     ----------     X  uncommon 
*Amaranthus pungens Kunth    khaki weed    X  uncommon 
Amaranthus spinosus L.     spiny amaranth   X  occasional 
*Amaranthus viridis L.     slender amaranth   X  rare 
 ANACARDIACEAE (Mango Family) 
Schinus terebinthifolius Raddi    Christmas berry   X  not found 2011 
 AIZOACEAE (Carpetweed Family) 
Tetragonia tetragonioides (Pall.) Kuntze New Zealand spinach  X  uncommon 

ASTERACEAE (Sunflower Family) 
*Bidens pilosa L.       beggar’s-tick    X  uncommon 
Conyza bonariensis (L.) Cronq.   hairy horseweed   X   occasional 
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-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 
 ASTERACEAE (cont’d.) 
Dyssodia tenuiloba A.P. de Candolle  Dahlberg daisy   X  locally common 
*Emilia fosbergii Nicolson    red pualele, emilia  X  uncommon 
*Lactuca serriola L.      prickly lettuce   X  occasional 
Pluchea carolinensis (Jacq.) G. Don  pluchea     X  common 
Pluchea xfosbergii Cooperr. & Galang  hybrid pluchea   X  not found 2011 
Pluchea indica (L.) Less.     Indian pluchea   X  not found 2011 
Sonchus oleraceus L.      sow thistle    X  occasional 
Tridax procumbens L.      coat buttons    X  occasional 
Verbesina encelioides    

(Cav.) Benth. & Hook.    golden crownbeard  X  common 
*Xanthium strumarium L.     cocklebur    X  uncommon 
 BIGNONIACEAE (Bignonia Family) 
Spathodea campanulata P. Beauv.   African tulip tree   X  uncommon 
 BORAGINACEAE (Heliotrope Family) 
Cordia dichotoma Forst. f.     sebestan     X  occasional 
Heliotropium procumbens Mill.   weedy heliotrope   X  locally common 
 BRASSICACEAE (Mustard Family) 
*Lepidium virginicum L.     wild peppergrass   X  uncommon 
 CHENOPODIACEAE (Goosefoot Family) 
Atriplex semibaccata R. Br.    Australian saltbush  X  common 
Atriplex subrecta Verd.     ----------     X  not found 2011 
Salsola kali L.       Russian thistle   X  not found 2011 

CONVOLVULACEAE (Morning-Glory Family) 
Ipomoea obscura (L.) Ker-Gawl.   bindweed    X  occasional 
*Ipomoea triloba L.      pink bindweed   X  uncommon 
*Jacquemontia ovalifolia (Choisy) H. Hall. pa‘u-o-Hi‘i‘aka    I  rare 
Merremia aegyptia (L.) Urb.    hairy merremia   X  occasional 

CUCURBITACEAE (Gourd Family) 
Coccinea grandis (L.) Voigt    ivy gourd    X  rare 
Cucumis dipsaceus Ehrenb. ex Spach  wild cucumber    X  occasional 
Momordica charantia L.     wild bittermelon   X  uncommon 

EUPHORBIACEAE (Spurge Family) 
Chamaesyce hirta (L.) Millsp.    garden spurge   X  common 
Chamaesyce hypericifolia (L.) Millsp.  graceful spurge   X  common 
*Chamaesyce prostrata (Aiton) Small  prostrate spurge   X  occasional 
Ricinus communis L.      castor bean    X  occasional 
 FABACEAE (Pea Family) 
Acacia confusa Merr.      Formosan koa   X  not found 2011 
Acacia farnesiana (L.) Willd.    klu      X  rare 
Chamaecrista nictitans (L.) Moench  partridge pea, lau-ki  X  locally common 
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-------------------------------------------------------------------------------------------------------------------- 
Species         Common Names      Status  Abundance 
-------------------------------------------------------------------------------------------------------------------- 
 FABACEAE (cont’d.) 
Crotalaria incana L.      fuzzy rattlepod   X  common 
*Crotalaria pallida Aiton     smooth rattlepod   X  uncommon 
Desmanthus pernambucanus (L.) Thellung  virgate mimosa   X  common 
Desmodium tortuosum (Sw.) DC.   Florida beggarweed  X  occasional 
Indigofera spicata Forssk.     creeping indigo   X  locally common 
Indigofera suffruticosa Mill.    indigo, ‘iniko   X  occasional 
Leucaena leucocephala (Lam.) de Wit  koa haole    X  common 
Macroptilium atropurpureum (DC) Urb. wild bushbean   X  locally common 
Medicago polymorpha L.     bur clover    X  not found 2011 
Pithecellobium dulce (Roxb.) Benth.  ‘opiuma, Manila    X  locally common 

     tamarind 
Prosopis pallida (Humb. & Bonpl. ex  kiawe, mesquite   X  occasional 

Willd.) Kunth 
Samanea saman (Jacq.) Merr.    monkeypod    X  not found 2011 

LAMIACEAE (Mint Family) 
Leonotis nepetifolia (L.) R. Br.    orange lion’s-ear   X  occasional 

MALVACEAE (Mallow Family) 
Abutilon grandifolium (Willd.) Sweet  hairy abutilon   X  uncommon 
Abutilon incanum (Link) Sweet   ma‘o, hoary abutilon   I?  uncommon 
Abutilon menziesii Seem.     ko‘oloa ‘ula    E  not found 2011 
*Malvastrum coromandelianum (L.) Garcke false mallow    X  occasional 
Sida ciliaris L.       ----------     X  locally common 
Sida fallax Walp.       ‘ilima      I  occasional 
Sida rhombifolia L.      Cuba jute    X  uncommon 
Sida spinosa L.       prickly sida    X  locally common 

NYCTAGINACEAE (Four-o’-Clock Family) 
Boerhavia repens R. Br.     alena, nena     I  not found 2011 

PASSIFLORACEAE (Passionflower Family) 
Passiflora foetida L.      love-in-a-mist   X  uncommon 
 SOLANACEAE (Nightshade Family) 
Datura stramonium L.     Jimson weed    X  uncommon 
*Lycopersicon pimpinellifolium (Jusl.) Mill. currant tomato   X  common 
Nicotiana glauca R. C. Graham   tree tobacco    X  occasional 
 STERCULIACEAE (Cacao Family) 
Waltheria indica L.      ‘uhaloa      I  common 

VERBENACEAE (Verbena Family) 
*Stachytarpheta jamaicensis (L.) Vahl  Jamaica vervain, oi, owi X  occasional 
-------------------------------------------------------------------------------------------------------------------- 
 
 




