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L
i site dndes requines standing trees and
site index curves, indirect estimates can be
iade from soil and site fuctors in predic-
tion equations. This avaids diumaging
highly valuable walnut trees by boring the
trunk to determine a tree's age.

Our “best™ equation requires measaring
both field factors and laboralory lexture
analysis. Although a litte less acearate, the
“easy-lo-measure”  equation should  give
adequate site evaluation information. Both
cquations make possible the evaluation of
potential walnut growing sites on the west-
ern fringe of the tree’s natural geographic
ringe.
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Optimized runoff curve
numbers for sugarcane and
pineapple fields in Hawaii

Keith R. Cooley and Leonard J. Lane

ABSTRACT: Runaff curce mumbers for Hawaiian sugarcane and pincapple ficlds were
derived from actual rainfall-runaff date and used to adjust handbaok values. These hand-
book values were based wainly on experience under mainland conditions and soils. The
duata-based curve wambers were stightly bower than preciousty wsed handhook calies for
sugarcane, They were considerably loweer jor pineapple ficlds where field roads oceupied
11 10 20 percent of the area. Observations suggest that major portions of the runoff come
Jroan road arcas and that more intensive conservation measures and maintenance pro-
grams for these roads would help reduce this runoff and subsequent erosion,

O design soil conservation practices, it

is helpful to know the runoff and cro-
sion potential of an area under various
field, soil, und precipitation conditions.
Agencies assigned the task of helping farm-
ers develop conservation measures must
therefore develop or adapt methods to esti-
mate the amount of runolf expected from
given® rainfall. One method of estimating
direet runoff from storm rainfall, based on
data from runoff plots and watersheds and

Keith R. Cooley is a research hydrologist with
the Science and Education Administration—Ag-
ricultural Rescarch, U.S. Department of Agri
culture, U.S. Water Conservation Lal.oratory.
Phoenix, Arizona 85040. Leonard . Lane is a
hydrologist with SEA-AR, USDA, Southweest
Ranpgeland Watershed Research Center, Tue-
s, Arizona. This study is part of a more inclu-
sive study being conducted by SEA-AR person-
nel and the Department of Agronomy and Soil
Seience at the University of Hawadii (cooperative
agreement no. 12-14-5001-320) on land awned
liy the Laupahochoe Sugar Company, Honakaa
Sugar Company, Wdaialua Sugar Company,
Dole Company, and Del Monte Corporation.

on years of field experienee, is the runoff
curve number method developed by the
Soil Conservation Service (6). In most
parts of the United States an experienced
conservationist can cstimate quite aceur-
ately the runoff curve number associated
with a given field or watershed using the
tabulated relationship derived between
these curve numbers and various hydro-
logic soil-cover complexes.

In some areas, such as Hawaii, where
data from small watersheds were alimost
nonexistent, SCS personnel estimated run-
off curve number relations on the basis of
experience obtained under mainland con-
ditions (6). In 1972 the Science and Edu-
cation Administration—Agricultural Re-
scarch initiated a study on five small agri-
cultural watersheds in Hawaii to deter-
mine actual runoff and crosion relations on
sugarcanc and pincapple land. Qur report
compares calculated runoff curve numbers
with handbook values. We present tables
of adjusted curve numbers under all soil
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* conditions for hoth sugarcane and pincap-
ple crops.

Description of study watersheds

We sclected five small, nonirrigated ag-
ricultural watersheds for the study. Two of
the watersheds, planted o sugarcane,
were on the island of Hawaii (Figure 1).
The other three, one in sugarcane and two
in pincapple, were on the island of Qalw
(Figure 2). Data collection started in carly
1972 on all of the watersheds exeept one
pincapple site that was instrumented in
1975. Instrumentation on all sites consisted
of a recording raingage, a water-stage
recorder, a critical-depth flume, and a
splitting and rotating sediment sampler
(4). We visited cach site weekly to main-
tain the recorders, take sediment samples,
and record field crop and cover conditions,

Nonirrigated sugarcane in Hawaii nor-
mally requires 28 to 34 months from plant-
ing to harvest, depending mostly on rain-
fall availability at critical growth periods.
Harvesting consists of cutting the stalks off
at the soil surface, leaving only the roots.
Alter harvest, the plants are allowed to
come back, or ratoon, twice. Therefore, 6
10 8 vears elapse between plowing, disking,
and replanting operations (5).

Pineapple generilly is harvested about
18 months after planting. In contrast to
sugarcane harvest operations, only the
fruit is picked in the first pincapple
harvest. Two more such larvests are nor-
mally completed at 9-month intervals
belare the crop is chopped, allowed to dry,
and burned. The fields are then plowed,
disked, and replanted in plastie strips. This
evele takes about 3 vears in most cases (1),
The plastic strips control weed growth un-
til the pincapple plants are established.
The strips cover mast of the bed area and
about half of the tota! field. The pineapple
shoots are placed through the plastic at
designated points by hand.

Both crops provide a dense cover after 4
to 6 months of growth, thus providing the
soil surface with considerable protection
against rainfall impact. This dense cover
alfects surface sealing, runoff, and crasion.

A brief description and cropping history
of each watershed follows. Table | sum-
marizes the main characteristics of cach
site.

Laupahoehoe. This site was planted to
sugarcane in March 1967, harvested in
Mareh 1971, ratooned, and  harvested
again in February 1974, Sugarcane was re-
planted in May 1974, the first crop har-
vested in August 1977, again ratooned,
and scheduled for harvest in 1979. The wa-
tershed, which is 100 percent cultivated, is
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Figure 1. Locations and survey maps for
walersheds on the island of Hawaii: (1)
Laupahoehoe and (2) Honokaa. Contours
shown are 5-foot intervals.

Figure 2. Locations and survey maps lor
walersheds on the island of Oahu: (3)
Waialua, (4) Mililani, and (5) Kunia. Con-
tours shown are 5-lool intervals.

Table 1. Descriplion of study watersheds.

shaped like a clam shell, ending with a flat
portion leading to the flume.

Howokaa.  This site was planted o
sugarcane in May 1968, harvested in
March 1971, ratooned, and again harvest-
ed in May 1974, Sugareane was replanted
in June 1974, the first crop harvested in
Qclober 1976, followed by a ratoon crop
that was scheduled for harvest in 1979.
The watershed, which is 100 percent culti-
vated, is somewhat clongated with alter-
nating slopes of different gradients, the
flattest being the area near the Aume.

Waialua. This site was planted to sugar-
cane in Dccember 1966, ratooned in
August 1968, September 1970, August
1972, November 1974, and again in May
1977. The field was re-worked at least
twice before replanting in March 1978.
The watershed surface is convex, flat on
the upper portion and steep on the lower
site adjacent to the road. The road ac-
counts for about 5 percent of the watershed
area and forms the lower boundary.

Mililani. This site was planted to pine-
apple in late 1968. After the final harvest
in mid-1972, weeds and grass were al-
lowed to grow until the spring of 1973
when the site was tilled and planted to
Irish potatoes. This cropping, often sparse
and intermixed with weeds, lasted until
mid-1976 when the field was again pre-
pared for pineapple. Because of the limita-
tion imposed by harvesting equipment, a
road is needed at least every 100 feet in
pincapple culture: thus, roads cover 15

o . Watershed
Characteristic _Laupahoehoe  Honokaa __ Waialua Mililani Kunia
Island Hawaii Hawaii Oahu Qahu Oahu
Crop Sugarcane®  Sugarcane® Sugarcane® Pineapple Pineapple
Size (acres) 2.05(2-72; 4-74) 5.17 5.97 5.09 (2-72,4-73) 7.02
: 1.52 (4-74; 79) 3.80 (4-73, 79)
Average annual 150-200 70-100 60-30 40-60 24.50
precipitiation
{inches)
Soil series Kaiwiki Kukaiau Paaloa Wahiawa Kolekole
Field 1exture Silly clay loam Silty clay lcam Silty clay Silty clay  Silty clay loam
General soil 16 17 10 5 7
slope (%)
Hydrologic soil A A B8 8 C
group
Percent roads 0 0 5 15 111

“ All sugarcane watersheds cropped in nearly straight-row cultivation; runoff curve number

for roads taken as 90 (J).

{Some dala were recorded irom an earlier planting where roads occupied 20 percent and

pineapple 80 percent of the area.

Journai ol Soil and Water Conservalion



prercent of the watershed area.

Kunia. This site has been planted to
nineapple for nearly 50 years. The field
was planted in May 1974, harvested in De-
cember 1975, and again in December
1976. A new crop was planted in May
1977. This watershed, the largest, has the
most complex drainage pattern and the
highest percentage of roads (17%) before
the May 1977 planting. It also contained a
waterway representing 3 percent of the
area prior to the 1977 planting. In 1977 the
road and waterway area were reduced to
11 pereent of the watershed by eliminating
most of the with-slope roads and planting
across mast of the waterway.

Rainfall on the watersheds ranges (rom
a high of 150 to 200 inches at Laupahochoe
to 30 to 50 inches at Kunia. Most storms
are of relatively low intensity, although
they may last for rather long durations,
and fit into the Type 1A or [ storm category
defined by SCS (7). Higher intensity storms
of Type 1I and 11A do occur on the islands
uccasionally (2). and very large storms of
even low to medium intensity can cause
considerable  runoff and erosion. The
winter months, November through March,
are generally the wettest; June and July are
the driest, although rainfall can occur at
any time. In some areas it rains almost
every day (8, 9). .

Study procedures

The SCS procedure for estimating runoff
volume due to rainfall uses the equation:

0 P=02S
1]
0- {
(P - 0.25)?
Fro55  F>0-25

where, Q is the runoff volume in inches, I!
is the storm rainfall in inches, and $ is the
retention parameter in inches.

From S in equation 1 a runoff curve
manber, CN, is defined as:

1000

CN=110+53

with values between 0 (ro runoff) and 100
{all rainfall becomes runoff).

This procedure incorporates four soil
classifications, three antecedent moisture
classifications, and various cover complex-
¢s. The soil classification is broken into
four hydrologic soil groups, A, B, C, and
1, varying from refatively low runofl po-
tential (A) to high runoff potential ().
Antecedent moisture condition | represents
a relatively dry condition, 1 represents an
average or normal condition, and 11 rep-
resents a wet antecedent condition. Runoff

May-June 1980

Table 2. Summary of optimized runoll curve numbers (CNs) for small sugarcane water-
sheds in Hawaii. '

SCS Runoll Curve Numbers and Staltistics
... [Iorvarious Cover Conditions’
_Bare Condition  Limited Cover _Partial Cover

Complete Cover

Watershed ~ CN__ R N CN R CN R? N CN R? N
Laupahoehoe 50 .83 33 . . - - . 3% .34 50
Honokaa 60 .20 6 - - - - . 20 .05 44
Waialua 80 89 6 - - 62 .87 16 49 64 34

*Cover condition classilications: Bare, no vegetalive cover: limited cover, cane new or (a-
tooned with less than 50 percent canopy cover, partial cover, lransition irom limited to
complete cover with over 50 percent canopy cover; complele cover, full canopy provided

unlil time of harvesl.

curve numbers also reflect land use, such as
fallow, row crops, and pasture, as well as
treatments or practices, such as straight-
row cultivation, contour larming, and ter-
racing, as described in the National
Engineering Hundbook (6). The usual SCS
procedure, which we followed here, is to
determine runoff curve numbers for the
given soil and cover complexes for anteee-
dent moisture classification 1I. In actual
practice, the curve number for condition I1
is sclected and then adjusted for the exist-
ing moisture condition (6).

However, if observed rainfall and runoff
data are available, S (or CN) can be deter-
mined in equation 1 by optimization. The
objective function, C, is defined as:

n
C= El(Qi-Qi)' (3)

where, Qj is an observed runoffl volume,
Q; is a computed runoff volume using
equation 1, and n is the number of storms
in the data set. The optimal CN is that val-
uc that minimizes G in equation 1. Asso-

Table 3. Runol! curve numbers for sugar-
cane cover, hydrologic soil groups on small
Hawaiian watersheds. All curve numbers
for nearly straight-fow cultivation.
77 ydiologic Soil Groupy
_Cover’ A B___¢c 0o

50 (77)¢ 80 (86) 89 (91) 92 (94)

Bare
Limited

cover 45 (67) 71(78) B2 (85) 87 (89)
Partial

cover 40 (49) 62 (69) 75 (79) 81 (84)
Complete
_cover _ 36(39) 49(61)_60 (74) 66 (80)

*Cover conditions: Bare, no vegetative cov-
er; limited cover, cane new or ratooned
with less than 50 percent canopy cover;
partial cover, transition (rom limited lo
complete cover with over 50 percent can:
opy cover; complete cover, full canopy
provided until time ol harvesl.

{Curve numbers for Hydrologic Soil Group
C and D extrapotated from figure 5.

tltalic values are oplimized curve numbers
from observed data. Values in parentheses
are from handbook (6).

ciated with the “best” or least squares esti-
mate of CN from equation J is a coefficient
of determination, R2. Values of R? near
zero would indicate that fitting the SCS
model, cquation 1, was little better than
using the mean runoffl volume as a predic-
tor. Values of R? near one would indicate
nearly perfect fit.

When a watershed consists of heteroge-
neous land use, a common procedure is to
average the curve numbers associated with
cach land use to form a composite curve
number. However, under Hawaiian condi-
tions of sugarcane and pineapple cultiva-
tion, where access roads have very high
curve numbers and cultivated areas have
low curve numbers, this procedure did not
seemn appropriate. Therefore, we decided
to distribute the curve numbers based upon
the percentages of watershed area in roads
and in crops. With this distribution, the
runoff equation becomes:

Al(l) - 0.281)! Ag(P - 0.28;)2
T T(P+0.8S) (P +0.8S,) (4]

where, A; is the proportion of the total
watershed area in roads and A, is the pro-
portion of the total watershed area in
crops. In equation 4, A, +A,=1.0 and
Q =0 unless > 0.28, (rainfall must exceed
the smaller initial abstraction that occurs
on the roads in this case). Again, given A,
and A, it is possible to determine the op-
timal 8¢ value (or CN) for the second term
in equation 4 using an objective function
described by equation 3. Thus we specified
curve numbers for the roads (3) and de-
rived optimal curve numbers for the culti-
vated areas. For relatively large values of
Ay, the contribution of the roads to total
runoff can be significant. Under conditions
such as those described above, where al-
most all sediment comes from the roads,
even small values of A, can be significant
in caleulating runoff and sediment yield.

Results

Sugarcane. We used obscrved rainfall
and runoff data from two small watersheds
without roads and from one watershed
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with roads covering 5 pereent of the water-
shed area to determine optimal CNs for
sugarcane  cultivation (Table 2). Curve
numbers decrease as the cover conditions
change from bare o full. Also, there is a
greal deal of variability among water-
sheds, and the curve numbers are greater
for the soils in hydrologic soil group B than
for those soils in group A. Figures 3 and 4
show the data for the A and B soils, respec-

Figure 3. Relation between cover condition
and runolt curve number for sugarcane, A
soils.
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Figure 4. Relalion between cover condition
and runoff curve number for sugarcane, B
soils.
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Figure 5. Variation in curve numbers with
soil groups tor various cover conditions,
sugarcane.
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tively. Also shown o these figures are
curve numbers taken from the SCS Nation-
al Engineering Handbook (6). The hand-
book values are generally higher than cor-
responding optimized curve numbers for
stratigghl-row cultivation of sugarcanc.

Because our observed data were limited
to watersheds with A and B soils, we need-
¢d a methad to extrapolate the results to C
and D soils. The square points with solid
lines in figure 5 illustrate changes in curve
numbers lor the four hydrologic soil groups
with various cover conditions, as given in
the SCS Handbook (6). We used these same
trends with soil groups to extrapolate the
optimized curve numbers for C and D
soils, as shown by the dashed lines with the
circled points in figure 5.

We used the optimized curve numbers
(Table 2) and the extrapolated curve num-
bers (Figure 5), along with curve number
salues obtained wsing the SCS “Curve
Numuber Aligner,” to derive the curve
numbers in table 3. Because of the extreme
seatter of data from the Honokaa site (poor
R?in table 2), we gave little weight to these
data. Three of the curve numbers for A
and B soils (Table 3) are interpolated from
figures 3 and 4 and all curve numbers for C
and D sovils are extrapolated from figure S.
However, these curve numnbers represent
the best available information from ob-
served data and [rom trends established in
the SCS handbook (6). Also shown in tabie
3 are handbook curve numbers presently
used in Hawaii for comparison.

Pincapple.  We used observed rainfall
and sunofl data from two small watersheds
with 11 to 20 pereent of the arca occupied
by ficld roads and the remainder planted
to pincapple to determine curve numbers.
Table 4 summerizes the optimized curve
numbers for these two watersheds. The
curve numbers decrease as crop cover in-
ereases, and they are greater for the C soils
than for the B soils. Figures 6 and 7 show
the data for the B and C soils, respectively.
Also shown are curve numbers from the
SCS handbook. The handbook values are
higher than corresponding  optimized
curve numbers for cultivated pineapple.
The magnitude of the difference is much
greater than is the difference for sugar-
cane, suggesting that the pincapple crop
provides a much better cover than origin-
ally postulated. The optimized values for
sugarcane  generally  fall between  the
straight-row and contoured handbook val-
ues, whereas the optimized values for pine-
apple are 20 to 30 percent lower than the
lowest (contoured and terraced) handbook
values for both B and C soils.

Because the observed data were limited
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Figure B. Variation in curve numbers with
soil groups for various cover conditions,
pineapple.

to watersheds with B and C soil types, the
method described previously for sugarcane
was ised to extrapolate values for A and D
sails, The square points with solid lines
(Figure 8) illustrate changes in curve num-
bers for the four hydrologic soil groups
with various cover conditions, as given in
the SCS handbook (6). We used these same
general trends with soil groups and those
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o
obtained ming the curve osumber aliggner (o
extrapolate the optimized curve numbers
for A and D soils. We did not use the data
for mixed cover of various crops and weeds
to develop the values in table 4, bul used
them as reference values only. [n develop-
ing the values in tuble 4, we observed that
the C soil at Kunia may respond more like
i B sail ander full cover conditions, but in-
sulficient data were available to verify this
observation or change soil groupings.

One of the curve numbers for the B soils
(Table 5) is interpolated from figure 6, and
all of the curve nnmbers for A and 13 soils
are extrapolated Trom figure 8 and the
curve number aligner. However, these
curve numbers represent the best available
information from observed data and from
trends established in the SCS handbook
(6). Table 5 also shows handbook curve
number values in parentheses presently
used by SCS in Hawaii. Handbook values
are nat included for the limited cover stage
hecause SCS does not use this breakdown,
The agency includes everything between
the time when a crop is planted until initial
closing in, in the partial cover stage.

Discussion and conclusions

The runolf curve numbers we developed
are slightly lower than previously used
handbook values for sugarcane and consid-
crably lower for pincapple. Although a
comsiderable amount of extrapolation was
needed to abtain values for all conditions,
these curve numbers represent the best
available information.

The slightly lower curve number values
obtained for sugarcane would probably
not change design criteria significantly.
However, the considerably lower values
obtained for pincapplgindicate that the
pincapple offers much mare  protection
than was anticipated. It could well be
that, except for very large storms, all
runofl comes from ficld roads. If this is the
case (and the data indicate that it is, but
the watersheds were not instrumented to
provide proof), perhaps present conserva-
tion design procedures need modification.
Al present, roads and ficlds are apparently
treated similarly. Field roads are periodi-
cally graded, which aggravates the situa-
tion and climinates in many cases the
ranoff  checks  and  collection  ditches
originally installed. The results of this
study indicate that the most intensive
conservation measures should be applicd to
the roads and that present field practices
may be adequate, especially once  the
pincapple is established. Maintenance of
the conservation measures on road arcas
would be possible at all times, whereas
field measures cannot be easily repaired or

May-June 1980

Tablo 4. Summary of oplimized runol! curve numbers (CNs) lor small pincapple watersheds

in Hawaii.
T SCS Runolf Curve Numbers and Statistics
) for Various Cover Conditions*
Bare Condition Limited Cover Partial Cover Complete Cover
Watershed CN R N CN R N _CN R N CN R N
Militani i 37 20 611 93 24 . - - 47 93 15
Kunia 8774 1 74 .88 7 64 85 7 49 83 33

*Field roads were considered separately and assigned CNs of 90 for Mililani and 92 lor

Kunia (3).

Values compuled lroin mixed cover ol crops and weeds rather than pincapple.

Table 5. Runoff curve numbers lor pine-
apple cover, hydrologic soil groups on

small Hawaiian watersheds. All curve
numbers ftor nearly cross-sloped row
cultivation.
Hydrologic Soil Groupt

Cover* A B C D
Bare 74 (77) 84(86)% 89 (91) 92 (94)
Limited

cover 58 - 74 .. 82 - 87
Partial

cover 43 (67) 64 (78) 76(85) 81 (89)
Complete

cover 18 (49) 48(69) 65 (79) 73 (84)

*Cover conditions: Bare, no vegetative cov-
er, limited cover, stage of cover between
time of planting until plants exiend be-
yond plastic strips (provide about 50%
cover)—this stage is not used by SCS, but
is included in partial cover stage; partial
cover, from 50 percent cover to initial clos-
ing in (greater than 80% cover); complete
cover, stage of growth when crop is com-
pletely closed in.

1Curve numbers for Hydrologic Soil Groups

A and D extrapolated from figure 8.

tltalic vaiues are optimal curve numbers
from observed data. Values in parentheses
are from handbook (6).

changed once the erop has been plunted
until alter final harvest and cultivation,
Reducing runoff from the road areas
could significantly reduce erosion from
pineapple fields because the soil on the
road areas is generally fine and unstable

Dates to

remember

July 16-18, Natonal Association of
Conservation Districts North Central
Region Meeting

Chicago, lllinois
Write: NACD, 1025 Vermont Avenue,
N.W., Washington, D.C. 20005

July 20-28, National Association of
Conservation Districts Southeastern
Region Meeting

Richmond, Virginia
Write: NACD, 1025 Vermont Avenue,
N.W., Washington, D.C. 20005

July 21-23, Symoslum on Watershed
Management

Boise, Idaho
Write: Richard Hawkins, UMC 52,
Utah State University, Logan, 84322,
or Cli{ton W. Johnson, SEA-USDA,

due to effects of vehicle traffic. In this con-
dition, it is susceptible to erosion from even
small runofl events.
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July 21-25, International Conference
on Soil Conservation

Silsoe, Bedford, England
Write: National Colfege of
Agricultural Engineering, Silsoe,
Bedford, England MK45 4DT

July 23.25, [rrigation and

Drainage—Today's Challenges
Boise, idaho

Write: American Society of Civil
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Write: National Environmental
Health Association, 1200 Lincoln
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