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The Rain Follows the Forest Initiative

State of Hawaii (2011):

“Protecting forest watersheds is The Rain Follows The Forest
the most cost effective and sl Joa) il

efﬁ C|ent Way to abSOI‘b I‘al nwater A Plan to Replenish Hawair’s Source of Water
a n d re p I e n iS h g ro u n d Wate r. 7 Department of Land and Natural Resources - State of Hawai'i

November 2011

Bailey (1851):

“It is a well established fact that
rains are more frequent and
copious where trees abound, than
where they are wanting.”

a USGS
science

for a changing world



Motivation and Objective

* Motivation: Although few would argue against the virtues of
protecting forests, the hydrologic effects of watershed management
projects have not been fully quantified

« Objective: To describe methods of quantifying the hydrologic
response of a watershed to management projects

ZUSGS
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Watershed Management Projects May Affect Several
Hydrologic Components

Before management After management
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Does the Rain Follow the Forest?

« Tropical forests in continental
areas can enhance rainfall by
recycling water to the
atmosphere through
evapotranspiration (Spracklen
and others, 2012)

« Deforested areas can
enhance rainfall locally by
enhancing convection (Negri
and others, 2004)

 |n Hawali'i, the effects of
forests on rainfall have not
been quantified

ZUSGS
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Forested:

ET recycles moisture to
the atmosphere,
enhancing rainfall
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Aragdao, 2012

Deforested:

Reduced ET recycles less
moisture to atmosphere,
reducing rainfall



Streamflow — Double-Mass Curves
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Streamflow — Effects of Vegetation

PAIRED WATERSHEDS
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Transpiration — Effects of Vegetation

« Transpiration—process by which water is absorbed by plants and
evaporated to the atmosphere

« Sap flow—transport of fluid in plant tissue

Photo from Wikipedia

a USGS
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Transpiration — Effects of Vegetation
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Kagawa and others, 2009



Transpiration — Effects of Vegetation
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Available Forest-Floor Water — Effects of Vegetation

For the tree canopy, measure
or compute each water input
and output

RAINFALL
(RF)
Input = Output (steady state): @ @ @
RF+Fog=E+TF + SF

CANOPY

EVAPORATION
(E)

Outputs can exceed RF:
RF<E+TF + SF

H
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Available Forest-Floor Water — Effects of Vegetation

Invaded site
(strawberry guava)
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Available Forest-Floor Water — Effects of Vegetation

Invaded site
(strawberry guava)
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Fog Studies in Hawai‘i

Most studies use fog collectors

Fog collectors may not reflect
how vegetation intercepts fog

‘ ‘y,!'.e pes G
Fog from collectors ranges from 3 LR\ :
to 400 percent of rainfall -V #*@ﬂ
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Image from http://planning.hawaii.gov/gis/download-gis-data/



Fog — Effects of Vegetation Type, Stature, Location

74

Intercepted fog, in percentage of

(Native trees/shrubs)

e Native (‘Ohi‘a; except at Auwahi)
= Nonnative

b~ USGS Ekern, 1964; Heath and Huebert, 1999; Delay, 2005; Schlappa, 2006; Delay and Giambelluca, 2010;
s Giambelluca and others, 2011; Juvik and others, 2011; Takahashi and others, 2011
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Selected Recharge-Estimation Methods

Water budget Account for daily changes in soil moisture and daily recharge
Watershed model Model rainfall-runoff process to est. recharge

SGD Measure submarine groundwater discharge (SGD)

Lysimeter Measure recharge in soil zone

Groundwater levels Monitor water-level changes that reflect recharge changes
Gravity Monitor gravity changes that reflect recharge changes
Tracers Monitor tracer movement/concentration to est. recharge
Seepage runs Measure changes in groundwater discharge to stream
Double-mass curves Analyze base flow at gaging stations

Numerical model Model changes in soil moisture in root zone and recharge

Darcy’s law Multiply hydraulic conductivity and head gradient to est. recharge

a USGS
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Recharge — Water Budget
%  Estimated Recharge

For each area, account for
the water inputs to and
outputs from the root zone
to estimate recharge

Mean annual
recharge, in/yr

a USGS
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s Vg . Baseline conditions: 2008 land use and
3 ~" mean annual rainfall from Rainfall
Atlas of Hawaii (1986)

Engott, 2011



Recharge — Effect of Vegetation

Percentage Change
iIn Recharge

Replace nonnative forest
with native forest in water
budget model

Engott, 2011



Watershed Model

Kaunakakai *

EXPLANATION
I:l Kawela Watershed
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Watershed Model — Effects of Reforestation

Kaunakakai

EXPLANATION
:I Kawela Watershed 4 Miles

Kawela Watershed Streams 4 Kilometers
A Kawela stream-gaging station (16415600)

Forest

lShrub

/Grass

Reforested

!
= USGS Rosa, 2013

science for a changing world



Watershed Model — Effects of Reforestation

Precipitation ET Runoff Recharge
(in/yr) (in/yr) (in/yr) (in/yr)

Scenario

Baseline

Reforested

« Rainfall not changed in model
* Precipitation increases—forests intercept more fog
 Recharge decreases—forests utilize more water

;v
éuhsg(;"w§ Rosa, 2013



CONCLUSIONS

'r:—;-'uNo known studies in Hawai'i to evaluate whether the rain
/ mfollews the forest or the forest follows the rain

2 ' \

/-
e

_ 3 NG , ,

StuEFre’s C)n how vegetation affects |ndIV|duaI hydrologlc i
_..;;» ffern‘benen‘ts“(runoff ET, fog) are necessary but not sufﬁcuent
e To,evaluate |mpact of Iand management on water resources

5 T 7/\/ y \Ab’ =N 3 / \/ v / -
« ‘:\ > ,\/ \;‘,{'"'/" : ‘f, & \\\/‘ |‘ N \ & = #

-

SRR s

9ﬁf~.TW t’e’r b ddets and watershed models are needed

“‘& z
/ >
ﬁéh

syntheafe mfermatiof’”

J
v ﬂly S

Sl \

G




References

Anderson, H.W., Duffy, P.D., and Yamamoto, T., 1966, Rainfall and streamflow from small tree-covered and fern-covered and burned watersheds in Hawaii:
U.S. Forest Service Research Paper PSW-34, 11 p.

Aragdo, L.E.O.C, 2012, The rainforest’s water pump: Nature, v. 489, p. 217-218
Bailey, E., 1851, Report on trees and grasses: The Transactions of the Royal Hawaiian Agricultural Society, v. 1, no. 2, p. 80-84.
Delay, J.K., 2005, Canopy water balance of an elfin cloud forest at Alakahi, Hawai‘i: MS Thesis, University of Hawai‘i at Manoa, 78 p.

Delay, J.K., and Giambelluca, T.W., 2010, History of fog and cloud water interception research in Hawai‘i, chap. 35 of Bruijnzeel, L.A., Scatena, F.N., and
Hamilton, L.S., eds., Tropical Montane Cloud Forests: Cambridge, Cambridge University Press, p. 332-341.

Ekern, P.C., 1964, Direct interception of cloud water on Lanaihale, Hawaii: Soil Science Society of America Proceedings, v. 28, no. 3, p. 419-421.

Engott, J.A., 2011, A water-budget model and assessment of groundwater recharge for the Island of Hawai‘i: U.S. Geological Survey Scientific Investigations
Report 2011-5078, 53 p.

Giambelluca, T.W., 2008, Global change threats to hydrology and terrestrial ecosystems: impacts of global warming and species invasion in Hawai‘i: presented at
National Science Foundation Water Workshop on Water Dynamics, November 9-12, 2008, Vermont, accessed 10/21/2013 at
http://iwww.uvm.edu/EPSCoR/includes/events/Water_Conference/Presentations/.

Giambelluca, T.W., DeLay, J.K., Nullet, M.A., Scholl, M.A., and Gingerich, S.B., 2011, Canopy water balance of windward and leeward Hawaiian cloud forests
on Haleakala, Maui, Hawai‘i: Hydrological Processes, v. 25, p. 438-447.

Heath, J.A., and Huebert, B.J., 1999, Cloudwater deposition as a source of fixed nitrogen in a Hawaiian montane forest: Biogeochemistry, v. 44, p. 119-134.

Juvik, J.0., Delay, J.K., Kinney, K.M., and Hansen, E.W., 2011, A 50" anniversary reassessment of the seminal “Lana‘i fog drip study” in Hawai‘i: Hydrological
Processes, v. 25, p. 402-410.

Kagawa, A., Sack, L., Duarte, K., and James, S., 2009, Hawaiian native forest conserves water relative to timber plantation: species and stand traits influence
water use: Ecological Applications, v. 19, no. 6, p. 1429-1443.

Negri, AJ., Adler, R.F., Xu, L., and Surratt, J., 2004, The impact of Amazonian deforestation on dry season rainfall: Journal of Climate, v. 17, no. 6, p. 1306-
1319.

Rosa, S.N., 2013, Evaluating land-cover change effects on runoff and recharge in Kawela, Moloka‘i, Hawai‘i: MS Thesis, University of Hawai‘i at Manoa, 102 p.
Schlappa, K., 2006, Measurements of cloud water and dry deposition at Kilauea, Hawaii: MS Thesis, University of Hawai‘i at Manoa, 138 p.

Spracklen, D.V., Arnold, S.R., and Taylor, C.M., 2012, Observations of increased tropical rainfall preceeded by air passage over forests: Nature, v. 489, p. 282.
State of Hawaii, 2011, The rain follow the forest, a plan to replenish Hawaii’s source of water: Department of Land and Natural Resources, November 2011, 21 p.

Takahashi, M., Giambelluca, T.W., Mudd, R.G., DeLay, J.K., Nullet, M.A., and Asner, G.P., 2011, Rainfall partitioning and cloud water interception in native
forest and invaded forest in Hawai‘i VVolcanoes National Park: Hydrological Processes, v. 25, p. 448-464.

ZUSGS

science for a changing world



