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EXECUTIVE SUMMARY

The impact of forest management on river basinaesg (in terms of water flow and
soil erosion) for extreme rainfall events is anaanme which there is considerable
scientific uncertainty as well as poorly conceiyealicy. In particular, while forests
may reduce floods for small storms, there is evidetiat this effect is increasingly
reduced as rainfall increases. Therefore, througbnabination of model development
and the analysis of data from focus areas, the BRI&CE project examined the
hypothesis that, as the size of the flood pealemses, the effect of land use becomes
less important. This report (Deliverable 14) ddsesi model applications in the
project focus areas in Costa Rica, Ecuador, Chilé Argentina to examine the
impact of forest cover on peak discharge for flocatsging from the moderate to the
extreme.

A model of each focus basin was constructed usiesgSHETRAN physically based,
hydrological and sediment transport modelling systeach model was calibrated for
the outlet river discharge, as far as was possitle existing data. However, it was
not expected that the models should reproducedbim$ and their responses exactly:
rather it was intended that they should be generalpresentative of the principal
characteristics of the basins, and especially eir thood responses. For each focus
basin, a 1000-year synthetic rainfall time series \generated, representative of the
current climate. This time series was then usedutothe calibrated model for the
basin with contrasting land use scenarios (gernevath and without a forest cover).
The peak discharges for the contrasting scenanwe then compared and analyzed to
show the extent to which the responses convergebeasize of the peak discharge
increased.

In Costa Rica the focus site is the 1312kPejibaye basin. This was simulated with its
current vegetation cover (agricultural) and withamplete forest cover, in each case
with the same 1000 years of input data. Comparmgdhe maximum daily discharges
for the two vegetations shows that, in generathaslischarge increases, the absolute
difference between the two becomes smaller. Thesalts therefore support the
hypothesis. However, the simulations were thenatgaewith an increased overland
flow resistance for the forested case compared tivélcurrent vegetation, resulting in
divergence of the responses. Support for the hgsaththerefore appears to be
sensitive to the exact model characterization.

In Ecuador, two small basins were modelled: Lis84knft, largely forested) and
Panama (10 kf largely grassland). The Panama basin was sinuiaith its current
vegetation cover and with a full forest cover (gsthe vegetation parameter values
from the Lise basin calibration), in each case Wi same 1000 years of input data.
Comparison of the corresponding maximum discharfpgs each day of the
simulations shows that the discharge differencavéet the two land use cases
remains constant in an absolute sense but decraasepercentage of the discharge
as discharge increases. This precisely mirrorsfidlé data analysis in deliverable
D16.

In Chile the focus site is La Reina basin (35 f&)s was calibrated for two observed
land uses: plantation forest (1997-1999) and inggéd condition (2000-2001). The
calibrated models were then run with the same M@0- synthetic rainfall time



series. Comparison of the corresponding maximurahdiges for each day of the
simulation showed that the difference in peak disgh between the two cases is
affected by season, type of event, soil depth amdcadent soil moisture condition.
For shallow and moderate soil depths, there is e@ence of the responses as
discharge increases, either in an absolute senas arpercentage of the discharge.
The reasons for this are that: a) the wetter thecadent conditions, the smaller is the
difference in discharge between the forested aggdad cases, at least as a percentage
of discharge; b) higher discharges occur only wihenantecedent conditions are wet;
and therefore c) the difference in response deeseas discharge increases. For deep
soil there is no convergence.

In Argentina the focus site is the 12.9%mMuena Esperanza basin in Tierra del
Fuego. Hydrological response is affected by snowraglwell as by rainfall. The
basin was simulated for a 1000-year period andtHerlargest recorded flood (in
1954) both with its current vegetation cover (Whiecludes partial forest cover) and
with the forest cover removed. In general, remafathe trees increases the outlet
river discharge but, for certain conditions of snusit, there can be a reduction in
discharge. The results agree with the field analysideliverable D18 in indicating
the complicating impact of snowmelt and the diffiguin distinguishing trends
concerning land use effect on peak dischargesxioeme events. However, inclusion
of the 1954 event in the analysis of land use ihpaggests that there may be at least
relative convergence of peak discharge for extreneats.

Overall the simulations support the hypothesis,that the size of the flood peak
increases, the effect of land use becomes lessriamo However, the pattern is
complicated by a number of factors, such as sqitideAlso the result is probably
most relevant to small basins, of the size of @& sites in Ecuador, Chile and
Argentina.

Sediment transport simulations were carried outterChile site only. They showed
a clear benefit from forest cover in protecting gl from erosion for all rainfall
conditions and thus in reducing the sediment trarisp the river system.



CONTENTS

Page
L INTRODUCTION ..ouittiiiiiiiiiiiiitteeeeeee e e s s eeteeeeeeeeeeeaaaaaaaaaaaaasssssansnssnnnnnseseeeens 7
I A O] 01 (=3 (Mo ] =T 0[] o S 7
1.2 Modelling APPrOaCh ......ccoi i 8
I B o Yot U S = 7= 1 1 10
1.4 Overview Of RESUILS.........cooiiiiiiiiieeeeee e eeee e 10
2 PEJIBAYE BASIN, COSTA RICA ...ttt eeeeibe et 3.1
2.1 DesSCription Of BASIN ......coiiiiieeeeee ettt 13
A2 B T = W O o ]| 1= ox 1 o o 1 13
2.2.1 Spatial data........cceeuuuiueiiiiiiie et 13
2.2.2 TIME SErIES UALA. .....uvvuueeiiee i i e e e e e e e eeeeee ettt e e e e e e e e e e e e e eeaeeennnnns 14
2.3 MOUEI SOE-UP.ceeiittiiiieii e e e a e e e e e e e e e e 14
P T N = - 1 [ Y= O o P 14
2.3.2 Water flow Calibration..........cooooeei i 17
2.3.3 Sediment yield calibration.................uviiiiiiiiiiie e 19
2.4 MOAEIING STrAt@QY ... . eeeeeeeeeeeeeees ettt s s e e e e e e e e e e e eeeeeeesseeeeneeeenees 20
2.5 Simulations and ReSUILS .............uvviceeeeee e ee e e e 21
2.5.1 SCENAIIO A ..ot e e e aaaaaa 21
2.5.2 SCENAIIO B...oooii e e 23
2.6 Discussion of Land-usSe IMPACLS .........uuuuiiiiiniieee e 24
2.7 CONCIUSIONS. ..ottt ettt a e e e e e e e e e e e eeeeeeeeessennnneesessnnnnns 24
3 LISE AND PANAMA BASINS, ECUADOR........ccocovimmmeeeeeeeeteeeeee e ee s 27
3.1 DeSCription Of BASINS .......iiiiiiiee e e 27
3.2 Data COllECHION .....vviiiiecieeiie e ettt e e e e e e e e e e e e e e e eennes 27
3.2.1 Spatial data..........ceuuruuuuiiiiiiiie e 27
3.2.2 TIME SEIIES UALA. ....euvvuueiiiiei ettt e e e e e e e e e e eeeeeenee 28
GG 3|V oo [ IS Y= U o 28
R T N = - 1o [ 0 ST U o B PURURPPPPPPR 28
3.3.2 Panama calibration.............ccouvviiiiieiiiiiciie e eeee e e e 34
3.3.3 Lise CaliDration.........ccooeiiiiiieeieiieeee e 35
GV oo (=] | [T Lo IS 1 =1 (=0 ) V2SRRI 36
3.5 Simulations and RESUILS ..........coeiiiieeeeeeieeeei e 37
3.6 Discussion of Land-use IMPACLS .........uuuuiiiiiiiieeeeeeeeeeeeeeeeiviie e 39
3.7 CONCIUSIONS ...ttt e e e e e e e e e e et e s e eeeneeeeeeannees 39
4 LA REINA BASIN, CHILE ...cooiiiiiiiieee e 41
4.1 DeSCription Of BASIN .......ccoiiiiieiieesm e e e ettt s e e e e e e e e e e e e e e eeeeeaeeeeees 41
VN = L= W O o ]| [=Tox 1o o I 41
4.2.1 SPALIA] DALA. .....euuueniiiiiee e 41
4.2.2 TIME SEINES TALA......uuuiiiiei e e e e e eeeeeiceeeeiie e s e e e e e e e e e e e e eeeennnne 42
4.3 MOAEI SEE-UP .. e e e eearaee 42
G T = 1= T 1 Y= ol U o PSSR 42
4.3.2 Forest calibration 1997-1999...........cooiiiiiiiiii e 44
4.3.3 Logged calibration 2000-200.L...........uuuuumiiiiiieeeeeeeeeeeeeeeeeieeeeeeeeeennenn 47
4.4 MOAEelliNg Strat@gy.......ceeeiieiiieeeees ettt s s e e e e e e e e e e e e eeeeeeeebennnnnansennnnns 47
4.5 Simulations and RESUILS............uuiieereeeeiiiieie e ee e 52
A5. 1 Water IO ....u e 52
4.5.2 Sediment traNSPOIL. ... ..uuuiiieee et e e e e e e e 58
4.6 Discussion of Land-use IMPAaCES ........ccooeeiiiiiiiiiiiiieiii e 60
o A o [ 11153 o] 1 61



5 BUENA ESPERANZA BASIN, ARGENTINA .. ..ottt 63

5.1 DeSCription Of BASIN ......cciiiieeeee e s e e e e e e e et eeenee e 63
5.2 Data CoOlECHION .....uvuiiiciieiiie e ettt e e e e e e e e a b ee e e e e e eeanes 63
5.2.1 Spatial data............uuuvuuuiiiiiiiiiee e 63
5.2.2 TIME SEIES UALA. ... ..o i e eieiiiiie e e e e e e e 64
G|V oo [ IS Y= U o 64
5.3.1 BASIN SEE-U..ciiiiiiiiiiiiiiiiiiae ettt ee e e e ee e et eeeeba e e e e e e e e e e e e e e eeees 64
LG T2 OF- 111 ] - i [ o 1 69
5.3.3 Calibration for event of 5/11/1954........cccooiiiiiiiiiiiiiieees 73
5.4 MOAEIING Srat@gY ... . cceeeeeeeeeeeeees o e eeeeeetaessss s e e e eeeeeeeeeeeeeeessenneneessnnes 74
5.5 Simulations and ReSUILS ..........coeiiiiieeeeie e 75
5.6 Discussion of Land-use IMPACLS .........uuuuiiiiiiiieeeeeeeieeeeeeeeiiiien e 80
T A @] o Tox 11551 o 1S 80
REFERENCES ... .ottt e e e e e e e e et e s 81



Model Analysis of Land-use Impact on Flood Responder the EPIC
FORCE Focus Areas

S. J. Birkinshaw and J. C. Bathurst
Water Resource Systems Research Laboratory, SchGolil Engineering and
Geosciences, University of Newcastle upon Tynechiie upon Tyne, NE1 7RU,
UK

1 INTRODUCTION
1.1 Context of Report

The impact of forest management on river basinaesg (in terms of water flow and
soil erosion) for extreme rainfall events is anaanme which there is considerable
scientific uncertainty as well as poorly conceiyaaicy. In particular, while forests
may reduce floods for small storms, there is ewidetiat this effect is increasingly
reduced as rainfall increases. EPIC FORCE therefoned to improve fundamental
understanding of forest impacts on floods. Buildamgthis knowledge it also aimed to
improve the integrated management of forest an@mm@sources at the river basin
scale through the development of policies basedoamd science. Its focus was the
impact of forest management on river basin respdoseextreme rainfall and
snowmelt events, in the Latin American environm@iiite project achieved its aims
by linking scientific, management and policy reskaria the following objectives:

1) To examine the hypothesis that, as the sizédhefflbod peak increases, the
effect of land use becomes less important; this a@dressed through a
combination of hydrological model application andkysis of field data from
focus areas in the Latin American countries;

2) To develop improved strategies for integrateceso and water management
relevant to extreme events, including the manageéemwielarge woody debris,
such as logs, within river channels; this was askld by combining the
results of the land use impact study with field lgsia, and with reviews of
current management practice and of best interratjgnactice, to form a set of
matrix-based guidelines;

3) To develop evidence-based policy recommendafimneational agencies and
for the EU and World Bank, by proposing improversetat the basis of
existing national policies in the focus countrieghe light of the impact and
management studies.

The focus areas were in Costa Rica, Ecuador, @hideArgentina, countries which
represent a range of humid forest and rainfall/sneltvregimes with major flood and
erosion problems and which suffer from a lack eégmated water and forest policies.

This report (Deliverable 14) describes the applcaof the hydrological model to the
four focus areas to examine the impact of foresecon peak discharge for floods

ranging from the moderate to the extreme. This wamktributed towards achieving
Objective (1).



1.2 Modelling Approach

A particular impediment to the study of forest imfsaon response to extreme
rainfall/lsnowmelt events has been the lack of amtasuch events, which by their
nature are rare at any given location. One meaestodcting as much information as
possible out of existing data sets is to use themsalibrate mathematical models
which are then applied to scenario events, su@xi@sme floods. Such models can be
powerful tools for providing important insights anthe controls on basin response to
land use change (e.g. Bultot et al., 1990; Nandakwand Mein, 1997; Storck et al.,
1998; Lukey et al., 2000; Niehoff et al., 2002; Raet al., 2002). Within the EPIC
FORCE project, the Latin American partners ideatifappropriate river basins for
study, assembled datasets on the hydrologicalmssdiand land use characteristics
of those basins and analyzed the flood responssutmbasins with different levels of
forest cover and for at least one extreme evenis Work was carried out within
Work Packages 1-4 and is reported in Deliverab®e48 The work described here,
carried out in Work Package 5, extends this amalttsiough the application of a
hydrological model to quantify systematically tmepact of land use on flood peak
and sediment yield in each focus area. The work vasied out by Newcastle
University, with support from the Latin Americanrpaipants.

Physically based models form the most suitableslfasiextrapolating to land use and
climate conditions not included in the availabléadeecord. The work was therefore
carried out using the SHETRAN modelling system (Bvet al., 2000). This is a
physically based, spatially distributed modellingstem for flow and sediment
transport, relevant at the basin scale. It inclugaponents for modelling vegetation
interception and transpiration, snowmelt, overldllos, subsurface unsaturated and
saturated flow, river/aquifer interaction and seeltnyield (including inputs from
landslides).

Construction and validation of a fully representatSHETRAN model for each of the
individual sub-basins in each focus area was ndsipte within the project
timeframe. Therefore SHETRAN was applied generyjcaModels were set up to be
generally representative of each focus area inge@fvegetation cover, soil type and
topography but not to reproduce it exactly. Sintylanodel validation did not seek the
exact reproduction of the observed hydrographsdisaharge time series. Instead the
aim was to ensure that the models were represeatihe level of derived data such
as annual flood series, flow duration curves amtinsent yields normalized for basin
area. Nevertheless, in most cases it was alsoljp@dsi achieve a good agreement
between the observed and simulated discharge gness

The general modelling approach for each focus baasas follows:

1) Calibrate SHETRAN as far as possible for the fduasin;

2) Apply the model to contrasting land use scenagenérally with and without
a forest cover) for a range of flood events;

3) Compare the peak discharges for the contrastintpsios;

4) Investigate the extent to which the contrastingpoeses converge as the size
of the flood peak increases;
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Figure 1.1 The hypothesis was tested that, aszbeo§the flood peak increases, the
effects of land use become less important

5) Investigate the effect of forest cover on soil @osand basin sediment yield
for the range of flood events.

The hypothesis which was examined is illustratedFig. 1.1, which shows the
relationship between peak discharge and flood #rqy (qQuantified by return period)
for basins which are identical except for the levkforest cover. In both cases, the
less frequent the flood (i.e. with a greater retpariod), the greater is the peak
discharge. For moderate floods, which are relativedquent, the forested basin is
able to absorb more rainfall into the soil and ¢fh@re has lower peak discharges than
the non-forested basin. This is because the gréaterception of rainfall by the
forest, combined with a higher transpiration by thees, allows the build up of
greater soil moisture deficits compared with then-farested case. However, this
effect is expected to decrease as rainfall amaontease. The diagram thus proposes
a convergence of peak discharge response for the extreme floods.

It is the physical basis of the SHETRAN model whialhows it to be used to
investigate the effects of changes in vegetationerco Thus evaporation and
interception are modelled with equations which besed on the physics of the
relevant processes. Their parameters have a physeaning and can be altered in
value using physical reasoning to represent diffexegetations. For example, one
option in the model is for actual evapotranspiratio be modelled with the Penman-
Monteith equation. This contains the parameter dagramic resistance: physical
reasoning suggests that the resistance shouldvier lor trees than for grass and
indeed experimental measurements have providedalypalues of 50 s thfor grass
and 5 s it for forest.



1.3 Focus Basins

The basins selected for simulation were as follows:

Costa Rica Ecuador Chile Argentina

Pejibaye, Panama (10 kfpand Lise La Reina |Buena Esperanza (12.9
(131 knf) | (2.3 knf), sub-basins of the| (0.35 knf) | km? and Hambre (18
Rio Chanchan (1409 kin km?)

A general overview of the focus areas, taken frown project Details of Work, is
shown in Table 1.1.

1.4 Overview of Results

The SHETRAN simulations are presented in the ocofiéihe project partner numbers:

Costa Rica, Ecuador, Chile and Argentina. Howeakthe start of the project the data
availability was more complete for the Chile fomite than for the other sites and that
site was therefore modelled first. Consequentlygbaeeral modelling approach was
devised using that site and the results are masplade for that site. The reader may
therefore wish to examine the section on the Chrteulations first.

A consistent result was obtained across the fooudaareas, with the simulations
supporting the hypothesis overall. Loss of forester raises annual runoff totals and
flood event peak discharges. Forests can thus eeffioed peaks at low to moderate
flows. However, as the peak discharge increasesxteeme levels, the overall
difference in peak discharge between the forestramdforest scenarios decreases
either absolutely or relatively. The reasons fois thre that: a) the wetter the
antecedent conditions, the smaller is the diffeeencdischarge between the forested
and logged cases, at least as a percentage ofadisghb) higher discharges occur
only when the antecedent conditions are wet; amdetbre c) the difference in
response decreases as discharge increases. Thergemue is less clear for deeper
soils. Also, in catchments with snowmelt regimeses$t cover can both increase and
decrease peak discharges relative to the unforeataland it is difficult to perform a
clear test of the hypothesis.

Simulations of soil erosion and sediment transpomipleted for the Chile site show
that there is a clear benefit from forest covetlerms of protection against erosion.
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Table 1.1 Overview of the four focus areas

Focus area
and location

Climatic
characteristics

Land use

Problem impacts

Needs

Pejibaye basin, southern
Costa Rica

Seasonal rainfall including
hurricanes (1988, 1989,
1999)

) Rapid forest conversion t¢
pasture/coffee plantation;
water resource degradatic

) Flooding and soil erosion
forcing home
yrabandonment

Integrated basin manage-
ment; policies for
minimizing poor practice
and for supporting sustain
able land management

Chanchan basin, Ecuadq

or  Seasonal rainfall with
severe El Nifo effects
(e.g. 1982)

Rapid forest conversion t¢
agriculture/secondary
vegetation/exotic
plantation

» Very high erosion and
sediment yield affecting
drinking water quality,
irrigation systems and porf
operation

Integrated basin manage-
ment; identification of
sediment sources
t(including human impact)
and control procedures

Experimental forest
basins in southern Chile

High seasonal and all yea
rainfall (up to 4000 mm)
with large interannual
variability from EI Nifio
effects

rExtensive exotic, short
rotation plantations;
native forest logging and
degradation

Flooding, soil erosion and
debris flows; water
pollution and decreased
water yields

Improved forest, native
forest and water
legislation; best manage-
ment practice guidelines;
rural poverty amelioration
schemes

Two catchments in Tierr:
del Fuego, Argentina

aModerate and frequent
precipitation all year from
frontal systems, enhance
by orographic effect;
extreme events from
combined rainfall and
snowmelt.

Native forest exploitation;
forest regeneration
limpeded by cattle
introduction; tourist

environment and water
quality.

activities affect the natural poor stability; frequent

landslides and avalanche
on steep slopes; soils
poorly developed and with

wind throw of trees.

Flooding and debris flows;

- Integrated basin manage-
sment; mitigation of human
impacts on virgin land-

1 scapes; soil degradation
control and water quality
preservation; best forest
management practice;

flooding and debris flow

control
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2 PEJIBAYE BASIN, COSTA RICA
2.1 Description of Basin

Pejibaye is a 131-kfrbasin in Costa Rica. Figure 2.1 shows the shapheobasin
with elevations ranging from 345 m at the outlettad100 m. The basin has mainly
cultivated land or grassland cover with some fo(astund 13% of the basin), mostly
found on the steeper and higher ground in the santhwest of the basin. In 1948
around 95% of the basin was forested but betweem éimd 1961 there was a major
clearance and by 1961 forest cover was reducedrdond 25%. Mean annual
precipitation is around 2200 mm with slightly high&alues in the upper part of the
basin and lower values towards the outlet. Mosthef precipitation falls during the
wet season from May to November. More details @& basin can be found in
Deliverable 15.

Elevations(m)

<500
- |500-600
| 600-700
I 700- 800
I 800-900
B >900

0 4 8 12 16  Kilometres

Figure 2.1 The Pejibaye basin

2.2 Data Collection

Data for the basin are provided by the Universiladional de Costa Rica (UNCR),
as described in D15.

2.2.1 Spatial data
A DEM and river network data are available. Saelimagery has been used to

investigate the spatial distribution of soil typelavegetation properties. Soil pits have
been dug at various points in the basin to invagtithe soil properties.

13



2.2.2 Time series data

Monitoring of the Pejibaye basin has been carriedfor a number of years. From
around 1970 onwards daily precipitation data ha@nbmeasured at three sites in and
around the basin: Bolivia situated near the middléhe basin, Aguas Buenas in the
north-west corner of the basin and Cristo Rey adofour kilometres north of the
basin. For 1991-1993, hourly precipitation datalso available for Bolivia. Data for
mean daily discharge at the outlet are availaldenfl 969 to 1996 together with the
highest maximum discharge for each month. Dailyepoal evaporation has been
measured at Bolivia since 1972.

2.3 Model Set-up
2.3.1 Basin set-up

The SHETRAN mesh for the Pejibaye basin uses 5Dtnb5& 500-m grid squares

and 137 river links (20 m wide) that run along #uge of the grid squares (Figure
2.2). The modelled elevations can be seen in FigweThe simulation period was
1/1/1991 to 31/12/1993 for which hourly precipitatidata is known. The simulation
used precipitation from only the Bolivia raingauge the centre of the basin.

Additional work was carried out using data from thguas Buenas site in the north-
west corner of the basin but this did not improlie simulations. The simulation

period includes the extreme hurricane event dh3dptember 1993 when 331.5 mm
of rain fell in 13 hours and, at its most inteng&nm fell in 1 hour.

Elevations (m)

< 500
500 - 600
600 -700
700 - 800
800 - 900

> 900

N

)

Figure 2.2 SHETRAN mesh (500-m grid squares) amdations for the Pejibaye
basin. The stream channels run along the edgeearitd squares
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Vegetations

Forest
Pasture
Cultivated Land

e

Figure 2.3 SHETRAN vegetations for the Pejibayarbas

The vegetation type for each grid square can be se&igure 2.3. Three different
vegetation types are specified. Forest is founchipan the south-west part but there
are also pockets scattered throughout the resteobasin. Cultivated land is mainly
found in the flatter northern part of the basinthagrassland in the steeper southern
part. The spatial distribution of soil texture aint three classes (Figure 2.4). The
northern part of the basin has fine soils which, tie SHETRAN model, were
considered to have a silty clay texture. The soutlpart has moderately fine soils
which were considered to have a silty loam texaned the area around the river near
the outlet of the basin has larger particles and eansidered to have a sandy loam
texture. Based on data supplied by UNCR soil dejoti8HETRAN were set to 2m.

The vegetation parameters used in the SHETRAN sitioms can be seen in Table
2.1. Given the available information on evaporgtidne actual evaporation is
calculated using the Penman equation. It uses eifumrelating the ratio of actual
/potential evaporation to the soil moisture tensidhis function takes into account
the reduced evaporation as the soil dries. Howawgng the Penman equation does
not take into account the lower aerodynamic rescstaof forest cover and, as a
consequence, the considerably higher interceptivapaation. To simulate this
effect, a canopy storage higher than typical meabvalues was used in the forest
(Table 2.1). The effect of the lower aerodynamisisiance was also taken into
account by having a higher actual / potential evafpan ratio in the forest than in the
grassland and cultivated land (Table 2.1).

15



Soil Texture

Silty clay
Silt loam
Sandy loam

Figure 2.4 SHETRAN soils for the Pejibaye basin

Table 2.1 Vegetation parameters used in the SHETR#&MNlation of the Pejibaye
basin. The AE/PE ratio is the actual evaporativdéid by the potential evaporation
at field capacity. In the model the ratio decreasiis increasing soil moisture tension

Vegetation Canopy Drainage Canopy Rooting LeafArea  AE/PE
Storage Depth Index Ratio
Ck(mms? Cb(mm?) (mm) (m)
Forest 1.0E-5 51 5.0 1.2 5.0 0.7
Grassland 1.0E-5 5.1 3.0 0.5 3.0 0.4
Cultivated 1.0E-5 5.1 3.0 0.5 1.0 0.4

Initial simulations using standard soil paramefersthe measured textures found in
the basin (Figure 2.4) produced a poor comparisetwden the simulated and
measured flows. Various combinations of soil hyticaoconductivity and overland
flow parameters were therefore tried to improvedimeulation. For simplicity during
each simulation all the soil types were given thme hydraulic parameters, which are
typical of a silt loam: porosity of 0.452, residuabisture content of 0.093, Van
Genuchten alpha parameter of 0.052"camd a van Genuchten n parameter of 1.7.
The soil hydraulic conductivity and overland flo@rpmeters were then calibrated to
give a good match between the measured and sirduégeharges at both an hourly
and daily scale. The results were a saturated biidreonductivity of 10 m day and

an overland flow Strickler resistance coefficiehéd® nm”® s*. The value of 10 m day
for thesaturated conductivity is considered to be typiadakhat is expected if some
macropore flow is present.

Total monthly sediment yield data was supplied bMAR. Basic SHETRAN
sediment yield simulations were carried out witk fbllowing soil size distribution
selected from the SHETRAN library, with the pereg@s shown in brackets: 0.1 mm
(60%), 0.37 mm (20%), 0.89 mm (10%), 1.59 mm (5225 mm (3%), 3.5 mm
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(2%). The most important parameters affecting soision are the raindrop impact
and overland flow erodibility parameters. Theseenassumed to be constant for all
the soil and land use conditions and calibratedeshre shown in Table 2.2.

Table 2.2 Sediment parameters used in the SHETR#AMNIation of Pejibaye basin

Raindrop erodibility Overland flow soil erodibility
coefficent coefficient
J?t kg m?s*
0.8 1*10"°

2.3.2 Water flow calibration

The comparison between the simulated and measiseldadges for January 1991 —
December 1993 can be seen in Figure 2.5. The casopais for the mean daily

discharge. SHETRAN simulations were actually rumgisan hourly timestep and

hourly precipitation input but the results were raged over the 24 hours to allow
comparison with the measurements. The discrepamtyelen the simulated and
measured discharges at the start of the perioésafrem the use of uncalibrated
initial conditions in the simulation. (There was pieeceding run-in period.). Most of
the events in 1993 have simulated values highar tha measured values. This is
thought to be due to the use of a single raingaogeepresent the entire basin,
whereas in reality there is a significant spatiariation. Otherwise, though,

throughout the entire period the simulations shaw excellent match with the

measured values (Nash-Sutcliffe efficiency = 0.88)particular the major event on
14" September 1993 is well captured.

Figure 2.6 shows the simulated and measured maximonthly discharges. Again
there is a generally good match between the siediland measured cases. The
biggest event on f4September 1993 is so much larger than the restittlig not
shown on the figure. The measured value of 13%3 ia considerably larger than the
simulated value of 985ifs. However, this is considered acceptable corisigiehe
use of a single rain-gauge, and the problems osore®y precipitation and discharge
for this sort of extreme event.

Analysis of the annual mass balance (Figure 2.@yvshthat the total measured and
simulated discharges are similar in all years. 8921 the simulated discharge is
slightly lower than the measured value and in 1898 slightly higher. Again, this

appears to be due to the use o0f a single rainegbarghe entire basin. Interception
evaporation accounts for 49% of the simulated eratjmm, equivalent to 21% of the
precipitation, while the remainder comes from tparaion and bare soil evaporation.
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Figure 2.5 Simulated and measured mean daily digebat the Pejibaye basin outlet,
January 1991 — December 1993
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Figure 2.6 Simulated and measured maximum monttdghdrges at the Pejibaye
basin outlet, January 1991 — December 1993. IneGdmr 1993 the simulated value
is 985 ni/s and the measured value is 1373smiThere are missing measured data in
July 1991 and October 1993
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2.3.3 Sediment yield calibration

The comparison between simulated and measured posgddiment yields can be
seen in Figure 2.8. Generally there is a reasonaipleement. In most months the
simulated values are slightly higher than the mesbwalues, whereas in September
1993 (which includes the major event on SeptemBED the simulated total is
smaller than the measured total. The total simdlaggliment vyield of 1.43 t Hayr™

is similar to the measured value of 1.27 T lya".
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Figure 2.8 Simulated and measured sediment yidid$hea Pejibaye basin outlet,
January 1991 — December 1993

2.4 Modelling Strategy

The aim of the modelling is to test the hypothdkat, as the size of the flood peak
increases, the effect of land use becomes lessriamio To achieve this aim,

SHETRAN was used to simulate the flood responseHerperiod January 1991 -

December 1993 and for a 1000-year time seriesetfipitation data representative of
current climatic conditions (see Section 4.4 forexiplanation). In both cases these
simulations were run for the current basin vegetatover and for the conditions

before 1948 when at least 95% of the basin wasstiede The corresponding

maximum daily discharges for each day of the twauations were then plotted

against each other to see if there were progressifferences in their relationship

between low and high flow conditions.

In Chile and Ecuador, data were available to caldorSHETRAN under different
land-uses (Sections 3 and 4). For the Pejibayenpmiugh, this was not the case. To
simulate forest cover the vegetation parametere wbanged on the basis of past
experience (Table 2.1) but no information was améd about the Strickler overland
roughness coefficient. For the Chile and Ecuadomktions this parameter value
was not changed under different land-uses and isoaffproach (Scenario A) was
used here. However, as a sensitivity test (Scemgria reduced roughness coefficient
(from 4 n®s*to 1 n® s) was also tested to investigate the effect ondflpeaks.

The 1000-year time series of precipitation data desved using daily precipitation
data from the Bolivia site for 25 years from 19702 and the three years of hourly
data from the same site. An hourly time series whtined by combining the
monthly statistics for the daily data with the w@mce and skew statistics for the
hourly data in the Newcastle University Rainsintistecal model.
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2.5 Simulations and Results
2.5.1 Scenario A

The Pejibaye basin was simulated under the cunegétation and under complete
forest cover for January 1991 to December 1993ufEi@.9). This scenario used the
same overland flow roughness coefficient for theedted and current land uses. As
expected the results show that the forested basinmore evaporation and so a lower
discharge. This difference in discharge betweeritloecases varies depending on the
antecedent conditions. However, even for the maj@ant on 14 September 1993,
when 331 mm of rain fell in 13 hours, the dischangeler the forest (928 hs?) is
still lower than with the current vegetation (985 sn).

The maximum daily discharges for the two casesttier 1000-year simulation are
compared in Figure 2.10. As expected, the highesthdrge events take place in
August, September and October corresponding tadame events. Figure 2.10 shows
that there can be a range of “current” responsesafgiven “forested” discharge,
depending on antecedent soil moisture conditioristhA start of the wet season in
June there is a bigger difference in the anteces@htmoisture conditions between
the “current” and “forested” vegetations and sayéneral a bigger difference in the
discharge between the two cases. Thus the poirigyure 2.10 representing the start
of the wet season lie further from the line of dijyaBy contrast, in November at the
end of the wet season, there is a smaller differém@antecedent soil moisture and the
discharges in the two cases are more similar wothtp nearer the line of equality. If
all the events are considered it can be seenringgneral, as the discharge increases,
the absolute difference becomes smaller. The maximifference is for an event in
August which has a difference of over 200 s between the “current” and
“forested” cases (382 hs* for forest and 591 s for the current vegetation). For the
largest ten events (discharges exceeding 100" mthough, the difference is around
100 n? s? or less.
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Figure 2.9 Scenario A comparison of hourly disckar@nt s*) for current vegetation

and forested conditions from SHETRAN simulations tbé Pejibaye basin for
January 1991 - December 1993. On SeptembRA.293 the peak discharge is 985 m
s for the current land use and 928 g1 for the forest cover

2500
]

2000 -
[ ® Jun
%) L
_z 1500 A | | ¢ Jul
E () Aug
= W Sep
o ® Oct
5 1000 4
O ] Nov

u
500 A A
on
0 :%f ‘ ‘ : :
0 500 1000 1500 2000 2500

Forest

Figure 2.10 Scenario A comparison of maximum ddifcharges (fhs*) for current
vegetation and forested conditions from the 1008-HETRAN simulations of the
Pejibaye basin. Line is line of equality. There acemajor events from December
through to May
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2.5.2 Scenario B

In Scenario B (as in Scenario A) the Pejibaye basis simulated under the current
vegetation cover and under complete forest covan fdanuary 1991 to December
1993. However, in this case the Strickler overldllosv roughness coefficient was
reduced (i.e. the resistance was increased) fromn“#% s* under the “current”
vegetation to 1 #f s* under “forest”. The results can be seen in Figud. As in
Scenario A, these show that the forested basinwae evaporation and so a lower
discharge. However, the difference between thevegetation types for peak events
is considerable greater than in Scenario A. Thecefbf the reduced Strickler
coefficient for the forest is to reduce the sizetttd peak discharge and extend the
length of the tail. The current vegetation therefproduces the higher peak flows.
However, if the hydrograph recession extends aam@® than one day, there may
then be a higher discharge under the forest thderuhe current vegetation.

The maximum daily discharges for the two vegetatiare compared for the 1000-
year simulation in Figure 2.12. In this case thggbr the discharge, the greater is the
difference between the “current” and “forested” esaqalthough the percentage
difference remains similar as the event size irs@gp However, for smaller events
which are later in the recession following a ralinéaent, the “forested” discharge is
sometimes greater and so points below the lingjodlty can be seen. The forest can
be thought of as slowing down the flow of surfacatev for big events and so it
reduces the peak discharge but increases the landthize of the recession.
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Figure 2.11 Scenario B comparison of hourly disghar (m s') for current
vegetation and forested conditions from SHETRANuwations of the Pejibaye basin
for January 1991 - December 1993. On SeptemBRA.293 the peak discharge is 985
m? s? for the current land use and 772 s for the forest cover
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2.6 Discussion of Land-use Impacts

In Scenario A, when the same overland flow rougbmesgfficient is used for both the
forest and current land-uses, the results sughasthe effect of land use on the peak
discharge becomes less important for the biggentevelhe discharge difference
becomes slightly smaller for bigger events and gbecentage difference decreases
considerably. In scenario B a reduced overland flowghness coefficient (i.e. higher
flow resistance) is used for the forest. In thisecéhe percentage difference remains
similar whatever the size of the event. Thereforehis scenario there is no evidence
to suggest that for bigger events the effect ofl lase becomes less important. The
calibrations for forested and non-forested catciimenChile and Ecuador (Sections
3 and 4) suggest in fact that it is not necessaryepresent forest with a reduced
overland flow roughness coefficient compared witbn4{fiorest covers. However,
should such a difference exist, it would have hadagor effect on the difference in
the size of the flood peaks between the two cases.

2.7 Conclusions

The aim of the model applications is to test thpdilyesis that, as the size of the flood
peak increases, the effects of land use becomenhgsstant. In Costa Rica, the 131-
km? Pejibaye basin has been selected to test thistihggis. Simulations were run
from January 1991 to December 1993 for the cuwvegetation, with a good match
between the simulated and measured dischargesoirdds sediment yield results
were also obtained for this period. Simulationsevdren carried out for the same
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period but with the vegetation in the entire bagianged to forest. To investigate the
effect of land use on flood peak discharge, the tatwhment cases were simulated
using the same synthetic 1000-year rainfall tinmeeseand the peak daily discharges
were compared. In Scenario A the same overland fesistance was selected for the
forest and non-forested cases, whereas in Scemaribe forest had a reduced
overland flow resistance. The scenario A simulaisnggest that the effect of land
use on the peak discharge becomes less importathefdigger events. The discharge
difference becomes slightly smaller for bigger d@geand the percentage difference
decreases considerably. The scenario B simulateimsny that the percentage
difference remains similar whatever the size of ¢hent, i.e. the effect of land use
does not become less important. The result higtdigfe complexities involved in
representing differences in land use. The Chile Bowhdor simulations suggest that
it is not necessary to represent a differenceaw flesistance between forest and non-
forest vegetation covers. However, should a diffeeein fact be necessary, the
scenario B simulations show that there would beignificant impact on the
comparison of discharges between the land use.cases
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3 LISE AND PANAMA BASINS, ECUADOR
3.1 Description of Basins

Lise (2.34 kni) and Panama (10.0 Kjrare two small basins within the Rio Chanchan
(1409 knf) basin in the Andes region of central Ecuadorufég3.1 shows the shape
of the basins and how they are positioned nexath @ther. Lise is the steeper basin
with elevations ranging from 1680 m at the outlett@ 3240 m and is mainly covered
with native forest. Elevations at Panama range 2853 m at the outlet up to 3100
m; the native forest in this basin has been masttgoved and replaced by pasture.
Annual precipitation is around 600 mm at Lise afid@ mm at Panamé, mostly
falling from December to May. Annual potential ewagtion is around 900 mm,
depending on the elevation. More details can badan Deliverable 16.

N
Lise (2.34 km?) T

Panama (10.0 km®

0 1 2 3 4 Kilometres
T . e

Figure 3.1 The Lise and Panama basins

3.2 Data Collection

Data for the basin are provided by the UniversidadCuenca (UCUE), as described
in D16.

3.2.1 Spatial data

DEM data and river network data have been colleftiethe Lise and Panama basins
by UCUE. Satellite imagery was used to investight spatial distribution of soil
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type and vegetation properties. Soil pits were dugarious points in the basin to
investigate the soil properties.

3.2.2 Time series data

Intensive monitoring of the Lise and Panama bastiated in 2005. Hourly discharge
at the outlet of the Panamé& basin has been meafored6/5/2005 to 25/5/2006.
Hourly discharge from the Lise basin has been nredsniom 11/2/2005 to 1/6/2006,
although there are some gaps in the record. Ptatign has been measured from six
raingauges around the Lise and Panama basins.IDetai be seen in Table 3.1.
Basin precipitation was calculated by UCUE usinthaissen polygon approach with
the weightings shown in Tables 3.2 and 3.3. If daien one of the raingauges were
not available the weighting was modified accordimdtotential evaporation has been
calculated by UCUE for the Namza Lise site from/3085 to 1/6/2006. Reductions
in the potential evaporation rate as a functiomofease in elevation have also been
calculated. In addition to the recent data, 23 ye@adaily precipitation were supplied
for the Compud weather station, 6 kilometres frév@ middle of the Panama basin.
These include the El Nifio years of 1982-1983 an@i74B98. More details on the
data collection can be found in D16.

Table 3.1 Availability of precipitation data up 18 June 2006

Raingauge| Llagos Joyagshi Pacchala Santa Pufiay Namza
Rosa Lise

Start Date | 4/3/05 11/2/05 11/2/05 12/2/05 20/4/05 5/3/06

End date 1/6/06 1/6/06 25/5/06 1/6/06 10/3/06 1/6/06

Table 3.2 Calculated raingauge weightings for Panbasin using the Thiessen
polygon approach

Rain gauge Llagos Joyagshi Pacchala Santa Rosa Pyia
Area (ha) 325 231 148 260 37
Weighting 0.32 0.23 0.15 0.26 0.04
fraction

Table 3.3 Calculated raingauge weightings for lbiasin using the Thiessen polygon
approach

Rain gauge Namza Lise Puiay
Area (ha) 106 128
Weighting fraction 0.45 0.55

3.3 Model Set-up
3.3.1 Basin set-up
The SHETRAN mesh for the Panama basin uses 442m%@50-m grid squares and

134 river links (2 m wide) that run along the eddehe grid squares (Figure 3.2).
The elevations can also be seen in Figure 3.2.sirhelation was run from 4/3/2005
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(when the measured rainfall record begins) to 28(36. Calibration of the model

was carried out for the period from 6/5/2005 (wllee measured discharge record
begins) to 25/5/2006. The SHETRAN mesh for the lbasin uses 367 80-m x 80-m
grid squares and 63 river links which are 2m wiBigre 3.3). The elevations can
also be seen in Figure 3.3. The simulation was fram 5/3/2005 to 25/5/2006.

Calibration of the model was carried out for theolehof this period but there are
some missing discharge data. Evapotranspiration madelled with the Penman-

Monteith equation: for the period in 2005 beforé/2005 (which was outside the
measurement period) the corresponding values fr606 Avere used. In order to
produce the correct initial conditions both simigias also had an initial one-year run-
in period, which used appropriate meteorologicéhda

Elevations (m)

<2200
2200 - 2400
2400 - 2600
2600 - 2800
2800 - 3000
> 3000

N

1

Figure 3.2 SHETRAN mesh (150-m grid resolution) aelvations for the Panama
basin. The stream channels run along the edgeearttd squares
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Figure 3.3 SHETRAN mesh (80-m grid resolution) atelvations for the Lise basin.
The stream channels run along the edge of thesgudres

The two neighbouring basins were selected as thardmt vegetations are different.
In Panama 57% of the basin is pasture and anot®&il is characterized by a
rotation of crops and grassland. Only 16.5% is oedevith native forest. By contrast,
69.2% of the Lise basin is covered with native $ord@he vegetation types used in the
SHETRAN application can be seen in Figures 3.4 &bdfor the Panama and Lise
basins, respectively. The main difference betwden forested and non-forested
vegetations is the lower aerodynamic resistand@erforest, which produces higher
evaporation (and in particular interception evaporg. The overland flow Strickler
resistance coefficient was calibrated at 0.1 fobvegetation types. Table 3.4 shows
the vegetation parameters used in the SHETRAN sitiouls.

Table 3.4 Vegetation parameters used in the SHETR&MNlation of the Panama
and Lise basins. The given canopy resistance isvéhee at field capacity; in the
simulation it increases with soil moisture tension

Vegetation Canopy Drainage Canopy Rooting  Aerodynamic Leaf Area Canopy
Storage Depth Resistance Index Resistance

CK(mms?® Cb(mm')  (mm) (m) (s/m) (s/m)

Natural 3.0E-5 3.7 5 1 10 5 50

forest

Eucalyptus 3.0E-5 3.7 5 1 10 5 50

forest

Natural 3.0E-5 3.7 5 0.4 30 2 50

grassland

Pasture 3.0E-5 3.7 5 0.4 30 2 50

Grass/crop 3.0E-5 3.7 5 0.4 30 2 50

rotation
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Figure 3.4 SHETRAN vegetations for the Panama basin
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Figure 3.5 SHETRAN vegetations for the Lise basin
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The soils in the Panama and Lise basins can be isedngures 3.6 and 3.7,
respectively. In Panama the main soils are the snband Leptosol and in Lise the
main soil type is the Umbric Leptosol. Most of tals have two layers with depths
of around 0.4 m for the top layer and around 1.tonthe lower layer. However, the
Leptosols have only one thin (0.3 m) layer overkrokleasurements of the soil
properties of each of these soils have been caouedy UCUE. For the top layer
(Soil 1) the parameters adopt conventional valUeble 3.5). However, the deeper
soils (Soil 2) have porosities up to 0.8 and satex retention curves that produce a
sudden drop in the moisture content for a smalhgkain the soil water tension.
Average values of measurements for the porosisidual moisture content and the
van Genuchten parameters (which describe the stédrwetention curve) are used in
the model (Table 3.5). Measurements also suggght donductivities in the deeper
soils and modelling work suggests that these cdndiies give fast subsurface flow
and produce the long recessions and large bases fibvat UCUE staff have
commented on. These conductivities were calibrate80 m day. The model soil
parameters are based on the measured properthutatas these data are insufficient
to justify differences between the soils, the sggammeter values are applied to all
the soils. The soil depths can be seen in Table 3.6

Table 3.5 Soil parameters used in the SHETRAN sitian of the Panama and Lise
basins

Soil | Porosity Residual Saturated hydraulic Van Genuchten
type moisture conductivity (m day™) Coefficient
constant
Horizontal  Vertical alpha (cm™) n
Soil 1 0.6 0.1 1.0 1.0 0.01 1.8
Soil 2 0.8 0.1 30.0 30.0 1.0 1.1

Table 3.6 Soil depths used in the SHETRAN simutatid the Panama and Lise
basins

Soils Soil depth (m)
Soil 1 Soil 2

Andosol 0.4 1.2
Andosol 1 0.4 1.2
Andosol 2 0.4 1.2
Phaeozem 0.4 1.2
Umbrisol 0.4 1.2
Leptosol 0.3

Cambisol 0.4 1.2
Umbric Leptosol 0.6
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Figure 3.6 SHETRAN soils for the Panamé basin
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Figure 3.7 SHETRAN soils for the Lise basin
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3.3.2 Panama calibration

The comparison between the simulated and measiselgatges for May 2005 — May
2006 can be seen in Figure 3.8. Overall, the cpomdence is excellent (Nash-
Sutcliffe efficiency = 0.92) and, in particular,ettshape of the recessions following
precipitation events is well captured. Analysighe annual mass balance (Figure 3.9)
also shows that the total measured (399 mm) andlaied (400 mm) runoffs are
almost identical. This gives annual evaporatioegaif around 562 mm. Figure 3.10
shows that in the simulation 360 mm of this is assult of interception evaporation
and 202 mm is evaporation from the bare soil aadsypiration.
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Figure 3.10 Simulated mass balances (including @edijon losses) for the Panama
and Lise basins for 2005-2006

3.3.3 Lise calibration

The comparison between the simulated and measusetdadges for March 2005 —

March 2006 can be seen in Figure 3.11. The sinmiatovered the period from
March 2005 to May 2006 but owing to some gaps edischarge data (in the 2006
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wet season) the whole period is not shown here. cdieespondence between the
simulated and measured discharge is good (Nashifgugfficiency = 0.81) but less
so than for the Panama simulation. The main probtethe poor simulation for the
last major event in the 2005 wet season. The medglata show a fast recession and
then an almost constant base flow throughout thieeedry season. The simulation
shows a slower recession and then the base floucesdto almost nothing by the
middle of the dry season. However, the projecba$ing on the peak discharges and
these seem reasonably well simulated.

Analysis of the annual mass balance (Figure 38) ahows that the total measured
(265 mm) and simulated (241 mm) runoffs are simildnis gives annual evaporation

rates of 528 mm and 552 mm for the measured andlaied evaporations. The

annual evaporation is slightly smaller than for ®&nama basin but is a result of
significantly smaller precipitation in the Lise ba§793 mm compared with 961 mm).

Precipitation in the Lise basin similar to that tffe Panamé& would produce
considerably higher evaporation, mainly as a resultigher interception evaporation

from the forest (Figure 3.10).
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Figure 3.11 Measured and simulated dischargesdtisie basin outlet for 2005-2006

3.4 Modelling Strategy

The aim of the modelling is to test the hypotheékat, as the size of the flood peak
increases, the effect of land use becomes lessriamio To achieve this aim,
SHETRAN was used to simulate the flood responstheftwo neighbouring basins:
the Panama basin which has mainly pasture covertl@md.ise basin which has
mainly native forest cover. Good simulations weléained for both basins using the
same soil parameter values but different vegetapanameters. The effect of
changing the vegetation type in the Panama basin frasture back to native forest
could therefore be analysed for the measured ptatgn data and for a-1000 year
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time series of precipitation data which includesditons typical of El Nifio years.
The Panama basin was therefore simulated bothidazuirrent cover and for a full
forest cover (using the vegetation parameter valiges the Lise basin calibration).
For the 1000-year simulations, the correspondingimmam daily discharges for each
day of the two simulations were then plotted aga@ash other to see if there were
progressive differences in their relationship betviw and high flow conditions.

Typical monthly precipitation data for two periois the Compud weather station (6
kilometres from the middle of the Panama basin)shi@vn in Figure 3.12 and show
how the annual precipitation in the El Nifio yeard982-1983 is more than twice the
value for 2004-2005 (a more normal year). In paltég the length of the wet season
has increased to the period October to May.

Using the 23 years of measured daily Compud datdu@ing the EI Nifio periods of
1982-1983 and 1997-1998) and the existing meadwady data from 2005-2006, a
1000-year time series of synthetic hourly data geserated. This was achieved by
combining the monthly statistics for the Compudadaith the variance and skew
statistics for the hourly 2005-2006 data in the WNastle University Rainsim
statistical model.
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Figure 3.12 Mean monthly precipitation data for @@mpud weather station

3.5 Simulations and Results

The results of simulating the Panama basin withctiveent vegetation conditions and
with the entire area covered by forest are showrignre 3.13. The soils are the same
in the two simulations but the vegetation paransetge different. With the forest,
evaporation is considerably higher and this redukesdischarge at the outlet. This
reduction in discharge appears throughout the aagtan.
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Figure 3.14 Comparison of maximum daily dischar@e¥s) for current vegetations
and forested conditions from 1000 years of SHETR#\ulation for the Panama
basin. Line is line of equality. There are no digant events from June to December

The simulations were also run with the 1000 yedrshaurly precipitation data
described in Section 3.4. Figure 3.14 comparesniagimum daily discharges for
each day of the 1000 years for the current vegetatnd forested cases. As expected,
the highest discharge events take place in FebrargdyMarch corresponding to the
biggest rainfall events. Figure 3.14 shows thateghean be a range of “current”
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responses for a given “forested” discharge, depgndn antecedent soil moisture
conditions. At the start of the wet season in Jantleere is a bigger difference in the
antecedent soil moisture conditions between theréoti’ and “forested” vegetations
and so in general a large difference in the digphaetween the two cases. The points
for the start of the wet season are therefore éurfrom the line of equality. By
contrast, in May at the end of the wet season tliera smaller difference in
antecedent soil moisture and the discharges invibecases are more similar with
points nearer the line of equality. If all monthie aonsidered it can be seen that as the
discharge increases, the absolute difference remsimilar, but the percentage
difference decreases (i.e. as a percentage ofislchailge). It appears that the high
soil conductivities used in the simulation resultwater draining from some of the
soil columns faster than it arrives from precipgat These columns therefore always
have some soil storage capacity and this is greaiger forested conditions (as there
is higher interception evaporation). Consequetiigydimulations always show higher
discharges under the current vegetation than uodested conditions.

3.6 Discussion of Land-use Impacts

As expected, with the forest cover, evaporationcasmsiderably higher and this
reduces the discharge at the outlet. This reduaticiischarge appears throughout the
wet season. Comparison of the maximum daily diggsarfor the forested and
current vegetation states shows there can be a rahdcurrent” responses for a
given “forested” discharge, depending on antecedeittmoisture conditions. The
pattern is largely constant for the range of disgés simulated. It is likely that, with
the high soil conductivity used here, the simuladiowill always show higher
discharges under the current vegetation than ufatested conditions. However,
because the absolute difference is constant, iedses as a percentage of discharge
as the discharge increases. Therefore, in a rela@nse, the effect of land use on
peak discharge decreases as discharge increasessupiports the hypothesis being
tested.

3.7 Conclusions

The aim of the model application is to test thedilpsis that, as the size of the flood
peak increases, the effects of land use becomeitgssrtant. In Ecuador two
adjacent basins have been modelled. Lise is akr84asin in which the dominant
vegetation is forest and Panama is a 10.84tasin in which the dominant vegetation
is grassland. In both cases, SHETRAN simulationsewen for around a year up to
25/5/2006 and an excellent comparison was achibetdeen the measured and
simulated discharges. The same soils were defireoloth simulations but to achieve
the good simulation results a high lateral hyd@aabnductivity was required in the
lower soil layer. The forest cover in the Lise Imasesulted in a relatively higher
water loss through interception evaporation congpanéth the Panama basin.
Following calibration for current conditions, tharfma simulation was run with the
vegetation changed entirely to forest (using theamp@ter values from the Lise
calibration). As expected, with the forest, evagiorais considerably higher and this
reduces the discharge at the outlet. This reduaticiischarge appears throughout the
wet season.
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Maximum daily discharges for the forested and curreegetation states were

compared for the 1000-year simulations. There @a ange of “current” responses
for a given “forested” discharge, depending on eedent soil moisture conditions.

As the discharge increases, the difference rem&mgar in an absolute sense but
decreases as a percentage of discharge. The rédwmri$ore support the hypothesis.
It should be noted, though, that this result issimall basins in which response times
are short, there is little variation in responseetifrom different parts of the basin and
the vegetation is relatively homogeneous.
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4 LA REINA BASIN, CHILE
4.1 Description of Basin

La Reina is a 0.35-kfrbasin in Region 10, 48, in Chile (Figure 4.1). A view of the
lower part of the basin and the outlet flume in thiel 1990s can be seen in Figure
4.2. Until January 2000 there was a commercialatadpine forest (with some
deciduous areas). The entire basin was then loggeét month and in January 2001
it was replanted. Soils are mainly well drained amdund 0.5-2 m deep. Annual
precipitation is around 2500 mm yé&amostly from frontal rainfall in the winter
(June — August). Annual potential evaporation éuad 1000 mm yedr More details
of the basin can be found in Deliverable 17.

Puerto Montt

Figure 4.1 Location of La Reina basin in Chile. Noers show national regions

4.2 Data Collection

Data for the basin were provided by the Universi@adtral de Chile, as described in
D17.

4.2.1 Spatial data
DEM data and river network data are available fa basin. Soil pits were dug at
various points in the basin to investigate the gmberties and the spatial distribution

of soil depths. A vegetation survey was carriedlmfore logging took place, to find
the spatial distribution of the deciduous and forest.
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Figure 4.2 View of the lower part of La Reina baamd its outlet flume

4.2.2 Time series data

The analysis uses data from the intensive mongodh La Reina basin that was
carried out between 1996 and 2003. These includelyhdischarge data from the
flume at the basin outlet and hourly meteorologaath from a site at the edge of the
basin. The data are generally of a good qualithoalgh some infilling of the
meteorological data has been necessary (from Jurgeptember 2002 because of
problems with the precipitation measurements). @hme also some uncertainties
with the discharge data from 2002. There has bemnessuspended sediment
sampling at the outlet but this is not sufficieat dalibrate the sediment transport
component of the SHETRAN model. Forty-five yearglaily precipitation data were
available for the Isla Teja weather station at Xaédand these were used with the La
Reina data to create a 1000-year rainfall timeesggee Section 4.4). More details of
the data collection can be found in Section 4 o7 D1

4.3 Model Set-up
4.3.1 Basin set-up

The SHETRAN mesh for La Reina basin uses 141 5@+%0bm grid squares and 53
river links (3 m wide) that run along the edgesh# grid squares (Figure 4.3). The
elevations can also be seen in Figure 4.3. Caidoratf the model was carried out for
two periods: firstly for 1997-1999 when the basiaswforested and secondly for
2000-2001 when the basin had been logged and #y@anted (Figure 4.4). The

simulations for these two periods used exactlystime soil parameters but different
vegetation parameters. A 2.5-m deep soil was gpdcithroughout the basin
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(compared with measured values in the range 0.5a}).8nd the following parameter
values were used: a saturated water content of Bi%4n>, a residual moisture
content of 0.096 hm®, a saturated conductivity of 1 m dqya van Genuchten alpha
value of 0.008 ci and a van Genuchten n value of 1.4 (the van Geenayuation
describes the hydraulic properties of the soil)e Parameter values were based on
measurements (Duhalde Schwarzenberg, 1999; SaeZaGa®99), although the
conductivity was calibrated (the mean measuredevakas 4.18 m day from 5
infiltration tests). The Strickler overland flowsistance coefficient was calibrated as
0.1. The vegetation parameters for the two peraads be seen in Table 4.1. These
were based on previous simulations in the UK (Damd Mackay, 1995) and
measured values from other basins collated by Brtiat. (2003), although there was
some minor calibration. Evaporation was simulatesihg the Penman-Monteith
equation with the measured hourly meteorologicéh.dBhe aerodynamic and canopy
resistance values used can be seen in Table 4ekeTdre again based on measured
values (Dunn and Mackay, 1995; Bruer et al. 2008)agh there has been some
calibration. The difference in aerodynamic resiseabetween the forest (3.5 s')n
and the cleared ground (40 s'rhas a particularly important effect on the result
this is discussed in the next sections.

Soil samples collected from three soil pits (twampdes in each pit) by the
Corporacion Nacional Forestal give sand-silt-clagrcentages of 47.6, 33.8 and
18.6% respectively. These were represented by dhewing distribution selected
from the SHETRAN library, with the percentages shaw brackets: 0.1 mm (60%),
0.37 mm (20%), 0.89 mm (10%), 1.59 mm (5%), 2.25 (B8fb), 3.5 mm (2%). The
most important parameters affecting soil erosi@nthe raindrop impact and overland
flow erodibility parameters, shown for the forestidogged vegetation in Table 4.2.

Elevations (m)

40-70
70-100
100-130
130-160
160-190
190-220

Figure 4.3 SHETRAN mesh (50-m grid squares) andagilens for La Reina basin.
The stream channels run along the edge of thesqudres
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a) 1997-1999

Pine
Deciduous

b) 2000-2001

] Logged / Replanted

Figure 4.4 SHETRAN vegetations for La Reina basimfie two calibration periods

Table 4.1 Vegetation parameters used in the SHETRiANIation of La Reina basin.

The given canopy resistance is the value at fiafghcity: in the model it increases
with soil moisture tension

Vegetation Canopy Drainage Canopy Rooting  Aerodynamic Leaf Area Canopy
Storage Depth Resistance Index Resistance
CK(mms?) Cb(mm?%)  (mm) (m) (s/m) (s/m)
Pine 1.9E-5 3.7 15 1.8 35 6.0 100
Native 1.9E-5 3.7 2.0 1.8 35 6.0 100
forest
Logged 1.9E-5 3.7 0.5 0.1 40.0 1.0 65

Table 4.2 Sediment parameters used in the SHETR#AMNIation of La Reina basin

Vegetation Raindrop erodibility Overland flow soil erodibility
coefficent coefficient
J? kg m?s!
Pine 0.05 2*10°
Native forest 0.05 2*10°
Logged 0.05 2*10°

4.3.2 Forest calibration 1997-1999

Rainfall data are available from June 1996 butdiseharge record starts in April
1997. The simulations were therefore started ineJU®96, so as to provide a 10-
month run-in period for the main simulation period.

The comparison between the simulated and measiseladges for 1997-1999 can
be seen in Figure 4.5. Overall, the correspondengeod (Nash-Sutcliffe efficiency
= 0.81) and importantly for this work the peaks sgasonably well captured by the
simulation. The simulated discharge for the maj@ngé on 28th July 1997 is 0.314m
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s compared with the measured peak of 0.34%mwhile for the major event on 9th
August 1999 the simulated peak is 0.263sthcompared with the measured value of
0.24 nt s*. The main discrepancy with the simulation is that simulated discharges
during the dry year in 1998 are too high, althotlgh is not considered to be a major
problem given the focus on flood events. The anmuass balances for 1997, 1998
and 1999 can be seen in Figure 4.6. Again this shgmod correspondence between
the measured and simulated values for 1997 and 199@ss so for 1998.
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Figure 4.5 Measured and simulated discharge atdimaRbasin outlet for 1997-1999

The measured data here and from Iroumé et al. j2@&wo other nearby basins
give total annual evaporation losses of between 48% 79% of precipitation for a
mature radiata pine. Oyarzun et al. (1998) giveaanual evaporation rate from a
native pine forest in the same region as 45% dfipitation. These evaporation losses
give annual evaporation totals greater than pakmvaporation rates, which are
around 1000 mm. (This value was calculated fromsike data and corresponds to
short grass cover. Annual pan evaporation has bemsured nearby by Iroumé and
Huber (2002) at around 800 mm.) For example, in718@asured evaporation was
over 1500 mm. Much of this evaporation is a restiltarge interception losses of
water from forest canopies, which Calder (1999)wsttb are expected with low
intensity rainfall in temperate climates and areesult of the lower aerodynamic
resistance of the forest. Huber and Iroume (20@disd evaporation and throughfall
for a range of forest types at nine sites in tem@geChile. Overall, interception losses
accounted for between 10 and 40% of precipitatigmedding on the type and age of
the trees. Iroume and Huber (2002) also show fihalas interception losses and wet
evaporation rates from the canopy of up to 1mfhdan take place even in winter.
These high interception losses have also been foyrmdher researchers (Schellekens
et al., 1999; Dykes, 1997; Waterloo et al. 1999he Tsimulated losses from
interception can be seen in Figure 4.7, with losdemround 30% of the precipitation
in 1997, 1998 and 1999 and wet evaporation ratespofo 2 mm hf in summer.
These results were obtained using the Penman-Mbneguation with a low
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aerodynamic resistance for the forest cover ansl @ncouraging that the simulated
results correspond with what is known about evapmrdosses from experimental
data.

3500

3000 -
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O Precipitation

B Measured Discharge
B Simulated discharge
@ Measured Evaporation
O Simulated Evaporation

2000 -

1500 A
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1000 A

500 A

1997 1998 1999 2000 2001

Figure 4.6 Simulated and measured mass balancea Reina basin for 1997-2001

3500
O Precipitation
B Discharge
3000 1 B Interception evaporation
O Bare soil evap. and transpiration

Water Loss / Gain (mm)

1997 1998 1999 2000 2001

Figure 4.7 Simulated mass balance (including eamor losses) for La Reina basin
for 1997-2001
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4.3.3 Logged calibration 2000-2001

The comparison between the simulated and measiseladges for 2000-2001 can
be seen in Figure 4.8. No run-in period was pravidged therefore there is a
discrepancy between the measured and simulatedhadgges at the start of the
simulation period. Overall, though, the correspomdeis excellent (Nash-Sutcliffe

efficiency = 0.89) and, importantly for this worthe peaks are well captured by the
simulation. The comparison for 2002 is not showrtheese are some data missing
from the discharge record. The annual mass balamcEigure 4.6 also shows

excellent agreement.

Iroumé et al. (2006) found that mean annual rumaffeased by 110% after logging
in La Reina basin. This increase in annual rungfeas with the trend found at other
sites (Bruijnzeel, 2004; Bosch and Hewlett, 198@d8ick, 1996). The main reason
for this is the reduction in interception causedhs removal of the trees. This shows
up well in Figure 4.7 with the intercepted evapioratdecreasing considerably in
2000 and 2001 compared with the years before lggdihe bare soil evaporation and
transpiration is altered very little as a resulthed logging.
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Figure 4.8 Measured and simulated discharges Btdia basin outlet for 2000-2001

4.4 Modelling Strategy

The aim of the modelling is to test the hypotheékat, as the size of the flood peak
increases, the effect of land use becomes lessriamio To achieve this aim,

SHETRAN was used to simulate the flood respongeaoReina basin in its forested

and logged conditions, for the same rainfall eveiniially the model was run simply

with generated rainfall events of different retyeriods, for two possible antecedent
soil moisture conditions, wet and dry. However, thsults were too limited to be

useful. In particular, the method did not take iacount sufficiently the possible

range and combination of rainfall events and amtectconditions.
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A second method was therefore devised based oma@tlime series of synthetic

rainfall. On the basis of the available rainfalltalaa 1000-year synthetic hourly
rainfall time series was generated. SHETRAN sinotest were then carried out for
the forested and logged cases using the synthaindall and the resulting flood

characteristics for each day of the simulation webtained. The corresponding
maximum daily discharges for each day of the twousations were plotted against
each other to investigate convergence of the twapaeses at high flows. The
simulations were carried out for the standard @gegth of 2.5 m and also for depths of
0.5mand 10 m.

It is emphasized that the 1000 years of data atatestical representation of current
rainfall conditions. They daot form a prediction of rainfall over the next 100€ays.
Generation of 1000 years of data provides an apjatepstatistical basis for defining
the basin flood response for events with returnogerof up to 100 years or so. In
other words, the current data base may not corgaémts with such large return
periods. However, a long time series generatedasstally from the current record
effectively extends the range of return periodse Tonger the current record, the
more accurate that extension is likely to be.

The 1000-year synthetic rainfall record was devetbpising a seven-year hourly
rainfall record for La Reina basin and a 45-yedlydainfall record for Isla Teja in
Valdivia. Isla Teja is in the same general regisrLa Reina and has a similar annual
and monthly rainfall distribution (Figures 4.9 ahd0). Nevertheless it is not local to
La Reina and its record therefore had to be cde@laith La Reina’s record before it
could be used. A Gumbel plot of annual precipitat{éigure 4.11) shows that La
Reina basin is generally wetter than Isla Tejaasd that the 1997-2003 data include
the wettest and driest years out of the 45-yeasrdecA Gumbel plot of maximum
daily precipitation (Figure 4.12) also shows that Reina basin has larger daily
precipitation events than Isla Teja.

Within the 1997-2003 period, there are six compjeiars with a full rainfall record at
La Reina basin and Isla Teja. Therefore, for th@geyears, monthly statistics of
corresponding daily data for the two stations wemmpared for mean, variance, auto
correlation, skew and proportion of dry days (Fegud.13-4.15). Using the resulting
relationships the 45 years of daily Isla Teja daése modified to be appropriate for
La Reina daily rainfall. The modified series oflgalata was then combined with the
variance and skew statistics for the hourly La Redata in the University of
Newcastle’s Rainsim model to generate a 1000-yeer $eries of hourly rainfall. The
model uses a statistically based process for ihéatbgeneration. As a check (Figure
4.16), the 1000 years of data were converted id® fderiods of seven years for
comparison with the original seven years of La Ralata: plotted as the frequency
curve for annual maximum 24-hour rainfall, the déda La Reina fall within the
range of the 142 sets of generated data.

Mean monthly evapotranspiration was calculated wWithPenman-Monteith equation

(with parameter values appropriate to the vegetatamd automatic weather station
data and the same values were used for each yds 8000 years.
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Figure 4.9 Annual precipitation totals at La Ref@sin and Isla Teja for 1997 — 2002
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Figure 4.10 Mean monthly precipitation totals at Raina basin and Isla Teja for
1997-2003
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4.5 Simulations and Results
4.5.1 Water flow

The results of simulating La Reina basin with itasnslard soil depth of 2.5 m are
shown in Figure 4.17. The figure compares the marindaily discharges for each
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corresponding day of the 1000-year simulationgtierforested and logged cases and
shows that there can be a range of “logged” regmorier a given “forested”
discharge. In some cases there is no differenceeleet the two discharges, in others
there is: if the soil under the forest is very wibk response is similar to the logged
case. The difference between the two cases is iledse winter and greatest in the
summer (when trees have the least and greatestsefspectively on soil moisture).
Whatever the discharge, the range of “logged” disgls for a given “forested”
discharge remains similar, although, as a percent#gthe discharge, the range
decreases as the discharge increases. It appearantiecedent moisture conditions
determine the response and that it needs to havedraeavily before the actual date
if similar responses are to occur. This is confidnbg a further set of simulations that
was carried out to explore the impact of antecedeiitmoisture. First, a three-year
simulation was run for each vegetation case (utmgReina data for 1997-1999).
From the results, soil moisture conditions weredeld from the end of each month
(a total of thirty-six with a mixture of wet andydconditions). The conditions were
different for the forested and logged cases butewiesm the same points in the
respective simulations. Second, three daily evergi®e selected from the 1000-year
series, corresponding to the three largest disehdifferences between the logged
and forested cases. Each event was then run for @aihe thirty-six soil moisture
conditions. The results (Figure 4.18) show a slighnivergence of the forested and
logged cases as discharge increases, in correspandath wetter soil. What is very
clear, though, is that the difference between trested and logged cases decreases
as a percentage of discharge as the dischargagseseThere is a similar response for
the three events, although event 3 has less pratgn so the discharges are smaller.

Figure 4.18 contrasts with Figure 4.17 in that tbgponses lie approximately in line
and there is a much reduced range of logged respdos a given forested response.
This confirms the effect of seasonality and suggdisat the type of event is also
important. The three events represented in Figut8 dre all similar (short, sharp
autumn rainfalls) and were selected for having ldrgest discharge differences
between the logged and forested cases. Hence résponses in Figure 4.18 are
similar. However, simulations (not shown here) wgh different types of event but
the same antecedent condition show a wider randgeggkd responses. Thus season
and event type can affect the absolute differeretevden the logged and forested
cases, while antecedent conditions determine theneto which, for a given season
or event type, the responses converge at highaligeh

The reason for the different responses from thested and logged catchments can be
seen in Figures 4.19 and 4.20, using rainfall eoeet with the antecedent conditions
that produce the discharge shown by the enlargéd poFigure 4.18. Figure 4.19
shows how throughout the basin in the forested lsitian the soils have less stored
water at the start of the rainfall event, whichaisesult of higher evaporation losses.
This means that the forested soils can store mardail before saturation excess
overland flow occurs than can the logged soils. fEtmed soil moisture storage from
each grid square can be seen in Figure 4.20. Tfezatice between the curves for the
logged and forested storages is the additional mstteage that would need to be
added to the forested catchment for the outlethdiges to be the same. During the
rainfall event more of the basin saturates for hbélogged and forested simulations.
However, the saturated area is always greateh&logged simulation, so by the time
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the SHETRAN simulations of La Reina basin at trertsof the simulation for the
enlarged data point in Figure 4.18
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Figure 4.20 Ranked water storage in the soil colahreach grid square for the

forested and logged conditions from the SHETRANuations of La Reina. Curves

are shown for the start of the simulation and far peak discharge for the enlarged
data point in Figure 4.17

of the peak of the rainfall event the area satdr&e the logged simulation (100 out
of the 141 grid squares) is greater than for thested simulation (75 squares). The
outlet discharge is produced mainly as a resustatdiration excess overland flow and
so the difference in saturated area produces tierafice in peak outlet discharge
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between the two simulations (1.049 gt for the logged simulation and 0.583 &t
for the forested simulation).

The above simulations are for the standard soithdep 2.5 m; they were repeated
with shallow (0.5 m) and deep (10 m) soils. Theultss(Figure 4.21) for the same
1000-year precipitation time series show that,xqeeted, the shallow soil has bigger
discharges than standard and deep soils. In thiéeowhaoil more of the basin is
saturated and the higher runoff is a result of nimre extensive saturation excess
overland flow. What is also clear is that for thaltow soil case there is an absolute
convergence of the logged and forested respondaglagr discharges. For the deep
soil the difference between the forested and loggauditions as a percentage of
discharge seems to remain similar whatever thedditee discharge event.

Following the procedure used for the standard deypith, additional simulations were
carried out to examine the effect of the antecedentlitions. Figure 4.22 shows the
results for the shallow soils for the three rainients with 36 different initial
conditions. This shows that, the wetter the init@hditions, the less is the difference
between the forested and logged cases, so that uadewet antecedent conditions
their discharges are almost the same. The sameduae for the deep soils (Figure
4.23) shows the opposite response: the wetternikial iconditions, the larger is the
difference between the forested and logged casethi$ case, the difference as a
percentage of discharge remains similar as théaige increases.
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Figure 4.21 Comparison of corresponding maximunlydfischarges (fhs?) for the
forested and logged conditions from the 1000-yedE'BRAN simulations of La
Reina basin for three different soil depths. Liaéine of equality
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soil moisture conditions. Line is line of equality
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4.5.2 Sediment transport

Sediment transport simulations were carried outler1997-1999 period with forest
and then for the same period with forest removed,as if logged. The simulations
are driven by the calibrated water flow models I(s@pth 2.5 m) and use the soill
erodibility coefficients shown in Table 4.2. Thesuéis constitute the basic sediment
transport models for La Reina basin. Figures 4124 425 show the time series of
sediment discharge at the outlet and the annuas fb@snce for the two vegetation
cases. There is a significant increase in sediryietd from 3 t hd yr for the forest
to 9.43 t hd yr for the logged catchment. The forest value isdacgagreement with
an initial analysis based on limited sediment tpans measurements for 1997-1998
(corresponding to the forested state) which gawadgi of 3.9-11.1 t K& yr!
depending on the techniqgue used to derive contmususpended sediment
concentration (Menke de la Pefia, 1999). Comparisoralso possible against
measurements from other sites. Bosch and Hewl®82)]1 Stednick (1996) and
Bruijnzeel (2004) have all reviewed the effect afgetation on sediment yields.
Clearing of forests produces an increase in catohrsediment yield, although the
increase varies depending on the vegetation typedhe climate. A review of small
basin and plot measurements in Chile, currentlypiaparation by staff of the
Universidad Austral de Chile, shows mean yieldddf ha' yr* for bare soil and 3.9

t ha' yr! for forest plantations. However, the plantatiorlgs are averaged over a
20-year period, so may not reflect the relativaghhvalues typically observed in the
year or two following logging. Likewise, plot dateom Chile suggest that soil loss
after logging is around 2-5 t figrr™* for sites where the forest residue is burnt aed th
soil has no cover, is around 0.5-2 t*hgr* for sites where the forest residue is
retained, and is around 0.1 ther’ for control sites with no logging (Oyarzun and
Pefia, 1995; and the above mentioned review). ThETRAN simulations are
supported by the limited field data and the abowentioned review but are high
compared with certain plot measurements.

As with the water flow, long term sediment trangpgimulations were run for the

logged and forested cases, using the basic sedina@sport models. In this case 100-
year simulations were run and the maximum transpaets for each day for the two
cases were compared (Figure 4.26). The logged alase/s has a higher transport
rate than the forested case, indicating a cleaefiieinom forest cover in terms of

protection against erosion.

The impact of a buffer strip in reducing sedimeativéry to the channel was then
investigated for the logged basin by introducin@Cam wide grass strip along the
channel system and running the simulation for ©@711999 rainfall. As SHETRAN
cannot simulate the filtering effect of a strip sediment transport directly, the effect
was represented indirectly by increasing the flesistance for the overland flow. On
this basis it was found that the buffer strip hittdel effect on water discharge but
reduces sediment yield to the level of the foresi@sin yield (Figures 4.24 and 4.25).
Because of the approximations in the simulatior mmagnitude of the simulated
effect may not be entirely correct but the resokeslindicate the direction of change
associated with the introduction of a buffer strip.
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4.6 Discussion of Land-use Impacts

La Reina is an excellent case study as it is gdgdramogeneous and the entire area
was logged in January 2000 (i.e. practically in&taeously). The effect of the forest
cover (in terms of water loss by transpiration antbrception) is shown by the
measured 110% increase in annual water yield fatigwogging (Iroumé et al.,
2006). The soils in La Reina are well drained sere¢happears to be little or no
infiltration excess runoff. Thus the discharge mese is a function of saturation
excess runoff. Therefore, the discussions heramatreelevant to those basins where
infiltration excess runoff is important.

The simulations conform with observation in showitigat discharges from the
forested catchment are generally lower than diggsafrom the logged catchment,
because of the difference in transpiration and reefgion. However, when
considering the maximum daily discharges, the samns also show that there can
be a range of “logged” responses for a given “fie@ds dischargedepending on
season, type of event and antecedent soil moistarglitions. Overall, for the
simulations with the standard soil depth of 2.5the range of differences remains
approximately constant as discharge increases. Yaweas a percentage of
discharge, the range decreases as discharge iesr@dm reasons for this are that: a)
the wetter the antecedent conditions, the sma#lethe difference in discharge
between the forested and logged cases, at leaspasentage of discharge; b) higher
discharges occur only when the antecedent conditawa wet; and therefore c) the
difference in response decreases as dischargagese
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This pattern, however, varies as a function of depth. Shallow soils can store less
water before becoming saturated and therefore agtenrunoff effects. Deeper soils
store more of the rainfall and therefore moderhte runoff response. Thus, for the
shallow soil (0.5m), there is an absolute convecgdretween the discharge response
for the forested and logged cases as dischargeases. By contrast for deep soils
(10m) there is no convergence (at least for thgeast discharges simulated) and the
difference between the discharges for the loggedfarested cases stays roughly the
same as a percentage of discharge as dischargsasest These results show the
complexity of the issue. Even for a single homogersebasin different responses can
be seen for different soil depths. For shallow aretlium depth soils, the simulations
support the hypothesis that, as the size of thedflmeak increases, the effects of land
use becomes less important. For deep soils, thotgne is no support for the
hypothesis.

By contrast, as far as soil erosion is concerneeketis no equivocation. For all the
conditions simulated, forest cover protects thé fsom erosion (through protection
against raindrop impact erosion or through reduceerland flow) and therefore
reduces the sediment transport in the river in @nmspn with the logged case.

Logging operations can affect runoff and sedimeeldynot only through the change
of vegetation cover but also through associateigcsuch as road construction and
soil compaction by machinery. If such activitiese apoorly conceived and
unsympathetically managed, they may be respon&iblthe majority of the impact,
especially as far as sediment yield is concerned. émphasized, therefore, that the
simulations discussed here refer only to the efiéthe change of vegetation cover.

4.7 Conclusions

The aim of the model application is to test thedtgipsis that, as the size of the flood
peak increases, the effects of land use becomentgsstant. For Chile the 35-ha La
Reina basin was modelled and excellent model edidors for both the forested

conditions (1997-1999) and logged conditions (2Q001) were achieved. The
difference between them was produced entirely bgr@piate changes in the
vegetation parameters, while keeping the soil anerland flow resistance

characteristics the same.

A 1000-year synthetic rainfall time series was gatesl, representative of the current
climate at La Reina basin. With the series as inpumulations were run with the
calibrated models for both the logged and forestedes. Comparison of the
corresponding maximum daily discharges for the ¢tases shows that there can be a
range of “logged” responses for a given “forestdicharge, depending on season,
type of event and antecedent soil moisture conwti®Geason and event type affect
the absolute difference between the forested agdelb discharges: differences are
least in winter and greatest in summer, when thewe their least and greatest effects
respectively on soil moisture. Additional simulaisowith a given type of event and
season but varying antecedent conditions illustrede the antecedent conditions
control convergence of the two responses as digehacreases. For the simulations
with the standard soil depth of 2.5 m, the absollischarge difference remains
approximately constant as discharge increases; #sua percentage of discharge, it
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decreases. The reasons for this are that: a) ttterwbe antecedent conditions, the
smaller is the difference in discharge betweenfohested and logged cases, at least
as a percentage of discharge; b) higher dischaygegr only when the antecedent
conditions are wet; and therefore c) the differeinceesponse decreases as discharge
increases. Simulations with different soil depthewg different results, because depth
affects how much water can be stored in the sdilono before saturation occurs and
runoff is generated. Thus with a shallow soil théseabsolute convergence as
saturation can occur for both land covers. Withespér soil, saturation is rarely
achieved so the forested catchment is always ablbsorb more rainfall than the
logged catchment and there is no convergence pbnse. For shallow and medium
depth soils, therefore, the simulations supporthfyeothesis that, as the size of the
flood peak increases, the effects of land use besdess important. For deep soils,
though, there is no support for the hypothesis.

The sediment transport simulations show that foreser provides a clear benefit in
protecting the soil from erosion and therefore ooy the sediment transport in the
river in comparison with the logged case.

The results are relevant to small basins in tentpeZaile. The impact of forest cover

on flood peak discharge for extreme events in lbagns is examined in Deliverable
17.

62



5 BUENA ESPERANZA BASIN, ARGENTINA
5.1 Description of Basin

Buena Esperanza is a 12.9%basin that debouches into the city of Ushuaighn t

Tierra del Fuego province of Argentina. Figure Shbws the shape of the basin with
elevations ranging from 140 m at the outlet up &lLth. The basin is forested up to
550 m, with bare ground above this level and wittaks cirque glaciers located at the
basin head. Mean annual precipitation ranges frdéhrbm in Ushuaia to 1300 mm in

the upper part of the basin. It is spread eveniguphout the year, failing mainly as
snow in the winter (May to September). There igenity no forest logging, although

there has been some in the past. More detailsedbdsin can be found in Deliverable
18.
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Figure 5.1 Buena Esperanza basin

5.2 Data Collection

Data for the basin are provided by the Subseceeti@iRecursos Naturales de Tierra
del Fuego (SRNTF), as described in D18.

5.2.1 Spatial data
A DEM and river network data are available. Satelimagery has been used to

investigate the spatial distribution of soil typelavegetation properties. Soil pits have
been dug at various points in the basin to invagtighe soil properties.
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5.2.2 Time series data

Intensive monitoring of the Buena Esperanza bassmdeen carried out for a number
of years and an excellent set of data is avail&dole 1/5/2005 to 30/4/2007. This
includes hourly discharge at the Buena Esperaniat@nd the Martial and Godoy
sub-basins. These data are available for most eofydar, apart from gaps of four
months in the 2005 winter and one month in the 20®er. Hourly precipitation has
been measured at the Aerosilla site (at 500 m #tevavithin the Buena Esperanza
basin) for the entire period. However, this raimg@aus not suitable for snow
collection and so precipitation data in the wirdee underestimated. There are also
daily precipitation data (and some hourly dataystuaia (at sea level) for the entire
period, which include rain and snow. Hourly tempera data are available for the
entire period at Ushuaia and the Martial glaci®OL m elevation). In addition there
is estimated daily potential evaporation at el@ratiof 120 m and 600 m.

5.3 Model Set-up
5.3.1 Basin set-up

The SHETRAN mesh for the Buena Esperanza basin38#®480-m by 180-m grid
squares and 102 river links (2 m wide) that rumglthe edge of the grid squares
(Figure 5.2). The modelled elevations can alsod®n sn Figure 5.2. The simulation
period was for 1/5/2005 to 30/4/2007. May-Octob@02 is effectively a run-in
period as, with no discharge measurements in timtew it could not be calibrated.

The vegetation type for each grid square can ba ged-igure 5.3. Six different
vegetation types are specified. The lower parthefliasin is a mainly a pine forest,
apart from the flatter areas where it is marshyovabthis there is deciduous forest
and then grassland in the upper main valley botOwing to the extreme conditions
the remainder of the basin is made up of rock defirdifferent thicknesses. The soil
types follow a similar pattern to the vegetatiopdy (Figure 5.4). Under the forests
there is an organic soil on top of a glacial tildain the marshy areas there is a deep
peat soil. The grassland area also has an orgaihiarstop of a glacial till and higher
that there is little or no soil.
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Figure 5.3 SHETRAN vegetations for the Buena EsprEadasin
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Soil categories

Peat above lowland moraines
Organic soil over till
Shallow rock debris

Deep rock debris

Figure 5.4 SHETRAN soils for the Buena Esperanzinba

Table 5.1 shows the vegetation parameters useldeiSHETRAN simulations. The
main difference between the forest and non-foresgetations is the lower
aerodynamic resistance in the forest, which proslinigher evaporation (and higher
interception evaporation in particular). (Evapospination was modelled using the
Penman-Monteith equation.) The rock cover has moggstorage or drainage.

Table 5.1 Vegetation parameters used in the SHETRANulation of the Buena
Esperanza basin. The given canopy resistance ivdlue at field capacity; in the
simulation it increases with soil moisture tension

Vegetation Canopy Drainage Canopy Rooting  Aerodynamic Leaf Area Canopy
Storage Depth Resistance Index Resistance
CK(mms!Y) Cb(mm?)  (mm) (m) (s/m) (s/m)

Marsh 3.0E-5 3.7 0.05 0.2 40.0 0.05 70
Pine forest 3.0E-5 3.7 2.0 2.8 35 5.0 70
Deciduous 3.0E-5 3.7 25 2.8 35 5.0 70
forest

Grassland 3.0E-5 3.7 3.0 0.2 40.0 2.0 50
Rock - - 0.0 0.0 40.0 0.0 -
debris

Bare rock - - 0.0 0.0 40.0 0.0 -

The parameters for the different soils (Fig. 540 e seen in Table 5.2 (obtained by
measurement or calibration). The category of paat&m of organic topsoil above 2

m of compacted till. The organic layer over tilkegory has 0.5 m of organic topsoil

above 9.5 m of compacted till. The deep rock detategory has a depth of 1.2 m and
the shallow rock debris has a depth of 0.6m. Tlheage and conductivities in the

rock debris were calibrated using discharge daien fthe Martial and Godoy sub-

basins. The depth of 10 m for the two categorigseat and organic layer over till is
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Table 5.2 Soil parameters used in the SHETRAN satian of Buena Esperanza
basin

Soil type Porosity Residual moisture Saturated hydraulic Van Genuchten
constant conductivity Coefficient
Vertical Horizontal alpha n
(m/day) (m/day) (cm™)
Organic 0.95 0.3 10.0 2.0 0.012 15
Topsoil
Compacted 0.35 0.15 0.3 0.3 0.006 15
Till
Rock Debris 0.40 0.05 5.0 5.0 0.8 1.1

assumed, based on guidance from SRNTF, so as tadpran appropriate model
boundary.

The overland flow Strickler coefficient was calited at values ranging from 0.08 for
forests up to 0.12 for the rock debris.

The Buena Esperanza basin shows a large variatiorefeorological conditions from
Ushuaia just below the outlet to the top of theirbabhe vegetation forms effectively
a series of altitudinal bands and the meteoroldgmauts are distributed accordingly.
The simulation is based on hourly precipitationnirahe Aerosilla site which is
situated at an elevation of 500 m within the baSihe gauge at Aerosilla is not
suitable for measuring precipitation in the formsabw. Thus in the winter period of
May — September daily precipitation from Ushuaiased. This daily precipitation is
disaggregated into a triangular shape so thakéstglace over a period of 8 hours
with a peak after 4 hours (the actual disaggregatiethod is not important as much
of the precipitation is snow and there are only Isd@charge events). Based on
measurements a multiplication factor of 1.5 wasduseconvert the Ushuaia data to
Aerosilla data. The precipitation for each vegetatiband was calculated by
multiplying the hourly data for Aerosilla by a pigitation factor determined for each
band (Table 5.3). The factors were determined ftbenmeasured post-2005 Buena
Esperanza data.

The temperature for each vegetation band was ea¢zl(Equation 5.1) by using the
temperature factor ¢(fand the measured temperatures at Ushug)aa(id the Matrtial
glacier (Tioog) (based on a lapse rate of 0.65 C° per 100 mjalties of 0 and 1 give
the temperature at respectively Ushuaia and theidligtacier.

T=(2-Tt) * To+ T¢ * T1o00 (5.1)

Table 5.3 Modification factors for time series ditaeach vegetation type

Vegetation Precipitation factor Temperature factor(Ty)
Marsh 0.9 0.4
Pine forest 0.9 0.4
Deciduous forest 1.1 0.5
Grassland 1.3 0.6
Rock debris <800m 1.4 0.8
Rock debris >800m 1.5 0.9

67



The degree-day approach was used to model snowhheltdegree-day approach is a
simplification of the more complex energy balanggraaches but it often has a
similar performance. Ohmura (2001) found this wa® do the high correlation
between temperature and several energy balanceoctmmis. Hock (2003) reviewed
snowmelt modelling in mountain areas and founddégree-day approach was the
most commonly used method. This is mainly due taesnperature data being easily
available and the method being easy to use andagngerforming well.

In the degree-day approach there is a direct oslsiiip between the air temperature
above a base value and the snowmelt. If the bdse &0 °C the term is called the
‘degree day factor’ and if a different base valsi@sed (usually greater than zero) the
term ‘melt factor’ is used (Hock, 2003). In this fkdhe ‘melt factor’ uses a threshold
(or base) temperature of 4 °C. Using measuredfdata Ushuaia a temperature of 4
°C is also used to define the transition betweariathand snowmelt

Studies on snow accumulation and melting genesdilyw more accumulation and
faster melting on open land compared with in fag®tomeroy and Brun, 2001).

However, Pomeroy and Brun note that, owing to wilisblacement, lower snow

depth accumulation can also be found in open amdghis is a significant factor in

the Buena Esperanza basin. The approach adoptddddrasin is therefore to assume
that there is no difference in accumulation undéei@nt vegetations but to use faster
melting in open areas. This is achieved by usifigréint melt factors for forests and
open areas. Kuusisto (1980) measured 96,000 snpthsitor forested and open sites
in Finland and found degree-day factors about 5@glen in open sites. Talbot et al.

(2006) found degree-day factors 100% higher in cgresas compared with in forests
at a site in Quebec, Canada.

The situation at Buena Esperanza is complicatedusecthe elevation, as well as the
different vegetations, has a major effect on theansmelt. Following the suggestion
by Hock (2003) a melt factor increasing with in@ieg elevation is used. Thus the
same vegetation type at a higher elevation haglaehimelt factor. As with many
snow-melt models a seasonal melt factor is alsd,usehis case the method of Braun
et al. (1993) with a maximum value in the middlesainmer (21 December) and a
minimum in the middle of winter (21 June). Melt fiais calibrated for the different
vegetation types of the Buena Esperenza basineaedn in Table 5.4. There is a big
difference between the lowest value of 4.3 mrit 8@y for forest at low elevations
and 13.0 mm °€day" for rock debris at high elevation.

Table 5.4 Melt factors used in the SHETRAN simwlatof Buena Esperanza.

Vegetation Average Melt Factor
mm °C™* day™
Marsh 6.9
Pine forest 4.3
Deciduous forest 5.2
Grassland 9.0
Rock debris < 800m 10.0
Rock debris> 800m 13.0
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5.3.2 Calibration

The comparison between the simulated and measusedagiges for August 2005 —
April 2007 can be seen in Figure 5.5. There areesgaps in the measured discharge
record during the winter period (May-September)dwing this part of the year there
is snow over most of the basin and discharges tertuk small. There are several
sources of error in the time series data usedismsiimulation. The main problem is
the precipitation data which is mainly based oradedm Aerosilla (at 500 m altitude
within the basin): values for the rest of the baare modified to account for an
increase/decrease of precipitation with altitudeeré are occasions when this will
overestimate the precipitation at higher altituéesl other occasions when it will
underestimate the precipitation. Similarly, the pemature data vary with altitude and
although this variation is better defined with knowalues at 0 m altitude (Ushuaia)
and 1000 m altitude (Martial glacier) there willlldbe errors at intermediate values.
Despite these problems the simulated discharge shgeod agreement (Nash-
Sutcliffe efficiency of 0.83) with the measured afiarge, with approximately the
correct peak discharges and the base flow well medt¢o the measured value. The
main problem is the peak on 11/11/2005 where ahdige of 4.1 rhs' was
simulated compared with a measured value of 3@ mThis appears to be a rain on
snow event and the discrepancy is discussed moren whe sub-basins are
considered.

The hydrology in the basin is complex. For mosttleg winter the entire basin is
covered with snow. Then snow in the lower basinsta melt in September whilst it
is still accumulating in the upper basin. By Novemnthe lower basin is usually snow
free and the upper basin is beginning to melt.H&yand of December the entire basin
(apart from the glaciers) is snow free. Thus thecliarge from the outlet can be
snowmelt events, rainfall events or a combinatibthe two. The biggest events such
as the major event in 1954 are generally rain wwsavents. Figures 5.5 and 5.6
show that two big events are the result of differprocesses. The event of the
14/11/06 is a result of snow melt. There is vetifeliprecipitation on that day but
mean daily temperature in Ushuaia is 15 °C. Thisgh enough to cause significant
melt throughout the basin. By contrast the evenf20f1/06 involves precipitation
intensities of 6 mm hrat Aerosilla and up to 9 mm hhigher in the basin for several
hours. All the snow has melted by this time anthgoevent is a result of the rainfall.

Measured and simulated discharges for the Mamidl@odoy sub-basins can be seen
in Figures 5.7 and 5.8. Again there is a good muaifitih Nash-Sutcliffe efficiencies of
0.78 (Martial) and 0.76 (Godoy). It is very encaying that, as well as the main outlet
discharge, the simulation for these sub-basinsdnigp within the basin is also good.
This suggests that the modelled increase in ptatipn with altitude is reasonably
accurate. The snow melt at these altitudes alseappto be reasonably well
modelled. The simulated discharge during the spsumgmer melt for November
2005 — January 2006 agrees well with the measusatharge for both sub-basins.
However, for November 2006-January 2007 the matddsis good. It is not clear why
these simulated discharges are poor during thiznskegear.
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Figure 5.8 Measured and simulated hourly discharfgesthe Godoy sub-basin,
August 2005 — April 2007

The sub-basin results also shed some light on ifferehce between the simulated
(4.1 n? s%) and measured peak discharges (3 1) at the main outlet on
11/11/2005. This event has both high precipitatates (8 mm hf at Aerosilla) and
high temperature (mean daily temperature of 15t°Oshuaia). In both sub-basins
this peak is very well simulated with values ofward 1.4 ni s* in the Martial basin
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Figure 5.10 Simulated mass balance (including enadjom losses) for the Buena
Esperanza basin, May 2005 — April 2007

and 0.4 m s in the Godoy basin. This means that the sourcéheferror is an
overestimation of the discharge in the lower basiappears that in the simulation the
snow at lower altitudes is still melting duringghevent whereas in reality the snow
had finished melting. There are two possible reagonthis. Firstly, the melt factor is
too low for this spring or secondly in the simubatitoo much snow accumulated
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during the winter period as a result of errors stireating the precipitation at these
altitudes. There are insufficient data to work which is the case.

The annual mass balance (Figure 5.9) shows thatothé measured and simulated
discharges are very similar in both years. Assurthiagjthe amount of water stored in
the basin is similar at the start of May in eachhaf years, the simulated evaporation
loss is around 280 mm in 2005-2006 and 290 mm B62D07, with the measured

values slightly higher. The simulation (Figure®.%hows this is made up of around
80 mm of interception evaporation while the restvaporation from bare ground and
transpiration. The interception evaporation is lbecause almost 50% of the basin
has bare ground and consequently no interception.

The simulated snow depth (Figure 5.11) shows sggmt differences between the
different vegetation types. As expected, the forasthe lower part of the basin
accumulates less snow and this melts before the smothe rock debris higher up
(even with a lower melt factor than that for thekalebris). This is a result of lower
precipitation and higher temperatures. There haenlsome measurements of snow
depths and there is some information about whenstimv disappears from the
various parts of the basin. When compared with thisrmation, the simulations
seem approximately correct for snow accumulationamhand snowmelt time.
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Figure 5.11 Simulated snow depths for the Buena&igsza basin, May 2005 — April
2007

5.3.3 Calibration for event of 5/11/1954

The event of 5/11/195daused major flooding in Ushuaia with a peak disphaof
around 13 m s’ This was a major rain event, with high temperguand snow
present over much of the basin, so the high digehaas a result of both the rain and
the snow melt. Precipitation of 42 mm occurred ahtihia in 9 hours with a
corresponding estimated value of 94.5 mm aboven60TUemperatures of up to 15°C
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occurred at Ushuaia which meant the precipitatelhds rain over the entire basin
and there was melt of existing snow.

The simulation of this event used hourly precipitat discharge and temperature data
from Ushuaia to simulate the flood event. The pkaiion data were disaggregated
from daily data by SDSATF and precipitation and penmature dependencies on
altitude were similar to those of the simulatiorse 2005-2007. The Ushuaia
precipitation data were multiplied by 1.5 so asdaorespond to the Aerosilla data and
the temperature on the Martial glacier was set.at°€ lower than the Ushuaia
temperature. The simulation was run from 1/5/19%4 tlsat the soil moisture
conditions and snow depth were appropriate at tie sf the event. The measured
and simulated discharges for the event can be geé&igure 5.12. The simulated
discharge is very similar to the measured discharigfe a similar peak value and a
similar shape. In both cases there is a non-nédgigilischarge at the start of the
rainfall event, as a result of snowmelt. The disghaincreases during the rainfall
event and peaks three hours after the rainfall pstist of this delay is associated
with the travel time of the water through the snawlp It is encouraging that the
simulated discharge is such a close match to tteesuned discharge.

— Simulated
— Measured
— Precipitation

Discharge (m%/s)
(o]
(6]
Precipitation (mm/hr)

05/11/1954 06/11/1954 07/11/1954

Figure 5.12 Measured and simulated dischargeed@ulena Esperanza basin outlet
for the major event in November 1954

5.4 Modelling Strategy

The aim of the modelling is to test the hypotheaket, as the size of the flood peak
increases, the effect of land use becomes lessrianto To achieve this aim,

SHETRAN was used in three different simulationssthy, the flood response for the
period May 2005 to April 2007 (as shown in Secto8), both with the current basin
vegetation cover and with the forest (which is fdun lower part of the basin)

removed. The flood responses for the two vegetatimvers were then compared.
Secondly, the extreme event of 5/11/1954 was siedléor the current vegetation
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and with the forest removed. Thirdly, simulationere carried out with a 1000-year
time series of precipitation and temperature daith, the current vegetation and with
the forest removed. For the 1954 event and the -¥8@6 simulation the
corresponding maximum daily discharges for eachaddlge two simulations (current
vegetation and removed forest) were plotted agaash other to see if there were
progressive differences in their relationship betmviw and high flow conditions.

The 1000-year time series of precipitation and temafure data was produced using
daily and hourly data from Ushuaia. The daily datansisted of 36 years of
precipitation, maximum temperature and minimum terafure from 1970 to 2005.
The hourly data consisted of six years of hourlcppitation data in the summer and
two years in the winter. The 1000-year time seaksynthetic hourly rainfall data
was generated by combining the monthly statisbestfe daily precipitation data with
the variance and skew statistics for the hourlycipitation data in the Newcastle
University Rainsim statistical model. Regressioatienships were then fitted
between temperature and precipitation using the sored daily data. These
relationships were used with the 1000-year syrthsburly rainfall data to produce
1000 years of dailly maximum and minimum temperatum@nsistent with
precipitation. A sinusoidal curve was fitted thgbuthe derived temperatures to
produce hourly temperature data. This assumed animaxtemperature at 4pm and a
minimum temperature at 4am. Details of the procedian be seen in Kilsby et al.
(2007). It is interesting to note that becauselid@0-year time series data was set-up
without any data from the 1954 event, events of thagnitude do not appear in the
time series. The effect of this can be seen imthe section.

5.5 Simulations and Results

The Buena Esperanza basin was simulated for thertuvegetation and with the
forest completely logged for the period from May2Qo April 2007. The results for
are shown in Figure 5.13. About 40% of the basircusrently forested, so 60%
remains unaltered by the vegetation change. This soe the same in the two
simulations but the vegetation parameters are rdiftefor the logged area. Also
changed in the logged area is the melt factorriomsnelt, with the value for the pine
forest increasing from 4.3 mm 3@ay" (forest) to 6.9 mm °€day* (logged) and for
the deciduous forest from 5.2 mmi®@ay* (forest) to 7.8 mm °€day" (logged) On
an annual scale, the simulated discharge for thgeld basin is considerably higher
than for the current vegetation, owing to the loweaporation once the forest has
been removed. However, the pattern for individuaéngs is considerably more
complex. Figure 5.13 shows that in the spring, wienentire basin in both cases is
covered by snow, the discharge is higher for tlogdal basin. This is due to the
higher melt factor in the logged area producingatge snowmelt. However, for the
major event on 11/11/2005 the situation is reverseth the logged basin having a
discharge (3.2 ths?) which is lower than for the basin with the cutreegetation
(4.1 n? s%). This event is driven by snowmelt and precipitatiln the simulation with
the current vegetation, snow still remains withie forest and its melt contributes to
the discharge. By contrast, for the logged casestiev has already completely
melted from this part of the basin and so cannatrdmute to the discharge. Once the
snow has finished melting under the pine and deciddorest the discharge reverts
back to the case of higher discharges in the lodpgesih than for the basin with the
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current vegetation. This can be seen for the drgehavent on 20/1/2006. This event
is driven by precipitation and so discharge is bigtor the logged basin (2.7°rs?)
than under the current vegetation (2.141). This is due to greater evaporation from
the forest producing drier soil and a greater ghib store the precipitation.

The discharge for the event on 5/11/1954 was alsdar the current vegetation and
for the logged basin (Figure 5.14). Dischargesgaeater for the logged basin for two
reasons. Firstly, greater snowmelt due to the mighalt factor in the logged part of
the basin (this part of the basin is covered bysttwoughout the rainfall event in
both simulations). Secondly, wetter soils as alteguower evaporation in the logged
part of the basin.

Figure 5.15 compares the corresponding maximuny digicharges for each day of
the 1000-year simulation (together with the 195dng)for the basin with the current
vegetation and for the logged basin. The resultsvstihat there can be a range of
“logged” responses for a given “current” dischardepending mainly on the time of
year and which parts of the basin are covered owsms discussed above it is
possible to have a lower discharge for a “loggeeSponse than for the “current”
response. These points can be seen below the flieguality. The points for the
individual months can be seen in Figure 5.16. Tlaeeea few points below the line of
equality in September but many more during OctdbeDecember. These points
occur for the short time each year when thereiissstow under the forest in the
“current” simulation but it has finished melting the “logged” simulation. The
timing depends on the amount of snow that accumsilaver the winter and the
temperatures during the spring snow melt. Tablesh®vs the gradient and thé R
value of the trend-line fitted through the poirds €ach month. The gradient is lowest
in November at 0.9 which means the fitted trend-is below the line of equality. In
December the fitted line is also below the lineequiality whereas in October it is
slightly above. The fitted lines for these threenths have the lowest’Rialues as
there is considerable scatter, with some pointyalibe line of equality and some
below, depending on the accumulation and meltirag ttcurs in that year. From
January through to August similar gradients aRd/&ues can be seen. These give a
gradient greater than one as the evaporationssuleder the “logged” vegetation than
under the “current” vegetation.’Ralues are high although there is some difference
between events depending on the initial conditidiie highest gradient (1.3) occurs
in September owing to the much higher snowmelt unftiegged” conditions
compared with “current” conditions.

The situation in the Buena Esperanza basin is doatpt by the snow accumulation
and melt. However, from January through to Aprérthis no difference in discharge
between the “logged” and “current” cases as a regudnowmelt (there is still snow
in the higher parts of the basin but this is th@ean both simulations). The situation
in these months is therefore similar to the otlineed project focus basins. Under
these conditions there does not seem to be muaohosig reduction in the difference
in discharges between the logged and forested dasésgger events. However, the
forests are simulated as being over 0.5m of orgsmiicon top of 9.5m of glacial till.
This soil depth is the same as that in the dedpssuaulation for La Reina basin in
Chile (Section 4.5.1) and in that case the diffeeetvetween the discharges for
“current” and “logged” vegetations increased faydar events.
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Table 5.5 Monthly comparisons of gradient andv@lues for the fitted trend-line
relationships between maximum daily discharged M for current vegetation and
logged conditions from SHETRAN simulations of theeBa Esperanza basin. Based
on data in Figure 5.16

Month Gradient R*
January 1.19 0.98
February 1.22 0.99

March 1.21 0.96
April 1.20 0.97
May 1.18 0.97
June 1.15 0.95
July 1.15 0.97

August 1.21 0.94

September 1.31 0.90

October 1.09 0.76
November 0.9 0.78
December 0.95 0.82
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5.6 Discussion of Land-use Impacts

The simulations show that, in general, loggingttees increases the discharge at the
outlet but the situation is complicated by the tigniof the snowmelt. For certain
snowmelt conditions, logging the trees actuallyusss the discharge. This occurs
when the discharge is mainly a result of snowmidt there is still snow lying in the
forest, whereas it has already disappeared folotjgeed case. The 1954 event shows
an increase in discharge under the logged basily ara result of higher snowmelt;
the difference in the peak discharge is 1%sth For the 1000-year time series data
for the period January to April the effect of drfat snowmelt rates under the two
scenarios is removed. In these months there iseatdtorrespondence between the
two cases whereby the bigger the event, the biggite difference, i.e. there is no
convergence for bigger events. There are two plessgasons for this. Firstly, the
1000-year time series did not include any extrements. It was based on data from
1970 to 2005 but this period did not include angrés of the magnitude of the 1954
event. It is possible that with these big evenesdhmay be some convergence. Thus
the point with the largest discharge in Fig. 5.&presents the observed 1954 event.
The difference in peak discharge for this eversingilar to those for the points in the
moderate discharge range, suggesting that there bmaselative convergence of
response for extreme events. Secondly, the sodsruhe trees are deep and, as was
shown in Section 4.5.1 for La Reina basin, sucloibdepth appears inimical for
convergence.

5.7 Conclusions

The aim of the model application is to test thedtlpsis that, as the size of the flood
peak increases, the effects of land use becoménhgestant. In Argentina, the 12.9-
km? Buena Esperanza basin has been selected. Siomslatiere run for the period
May 2005 to April 2007. A good comparison was aechd between the simulated
and measured discharges. The major event in Noveh®a& was also satisfactorily
simulated. The basin was also simulated with tmesfothat covers 40% of the basin
logged. This was achieved by changing the vegetgtgwmameters and also increasing
the melt factor in the affected area. Increasimgrttelt factor increases the snowmelt
where the forest has been removed, with the inereamresponding to field
measurements that have been carried out in varparss of the world. The
simulations show that, in general, logging the dreereases the discharge at the
outlet but the situation is complicated by the tigniof the snowmelt. For certain
conditions, logging the trees actually reduces diseharge. This occurs when the
discharge is mainly a result of snowmelt and thewsim the forest is still melting,
whereas for the logged case the snow has alreadyletely melted. The 1954 event
shows an increase in discharge under the logged pastly as a result of higher
snowmelt. However, the difference in peak dischdmg@veen the two land use cases
for this event is similar to those for the points the moderate discharge range,
suggesting that there may be relative convergehaesponse for extreme events.
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