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Introduction

Various approaches exist for mode ling watershed functions, ranging from directly
data-driven (empirical) approaches to models based on concepts of awater balance,
soil physics and hydrology. Hydrology mode s differ by tempord and spatid scde. A
detailed level modd use with detalled description of rainfal and infiltration may
require a minute (or even seconds) time step, especialy on dopes where water will
become surface runoff if it cannot infiltrate within seconds of reaching the soil

surface. At the other end of the spectrum we may find empirica equations rdating
annud water yidd of a catchment to annud rainfall (or precipitation in climate zones
where snowfdl and ice rains are Sgnificant).

In thistraining course, we introduce ‘ GenRiver’, asmpleriver flow modd, asatool

to explore our understanding of historica changesin river flow due to land use

change. GenRiver isadigtributed process-based modd that extends a plot-level weter
bal ance to subcatchment level. It was developed for data- scarce Stuations and is
basaed on empirical equations. The modd can be used to explore the basic changes of
river flow characterigtics across spatia scales— from paich level, sub-catchment to
catchment.

Recent use of GenRiver isin exploring the basic explanation for steady river flow.
The classc explanation of a steedly river flow is the concept of forests as ‘a sponge’,
that receive rainfal and gradudly feed it to the sream.  An dternative explanation is
gpatial heterogenaty of rainfdl. Petchiness of rainfal can contribute to an increase of
water yied gability over space.  To evauate the impact of spatia heterogenity of
rainfal on river fal, we need arainfal generator that Smulate spatial heterogenity .
Exiding rainfal smulators tend to focus on Sation-level time series, not on
gpace/time autocorrelaion. The SpatRain mode was congtructed specifically to
generate time series of rainfdl that are fully compatible with existing Sation-leve
records of daily rainfall, but yet can represent substantially different degrees of spatid
autocorrdation. SpatRain will aso be introduced and used during the training course.

Objectives
?Participants will understand the basic principles of GenRiver astool to evauate
impacts of land use change on watershed functions
?Participants will understand the backgrounds and use of SpatRain
Paticipants will be able to apply GenRiver and SpatRain in anew application
asatool to analyse watershed function



Participants

The course was initidly planned for partners in direct project cooperation with us, but
‘demand’ or requests for participation increased quickly, so anumber of ‘internd’
trainees postponed till a next opportunity.

In the end 15 participants joined thistraining ; 6 participants from the Department of
Meteorology at IPB (climatology and hydrometeorology lab) , 2 participants from
CIFOR, 3 participants from ICRAF Bogor (one from the Sumberjayafield Ste and
two PhD students), 2 participants from PT Tata Guna Petria (consultancy agency) and
1 participant from Soil Department of Brawijaya Universty. (Attachment 1)

Resour ce persons from ICRAF-SEA ecological modelling unit
Ded Ariyadhi Suyamto

Farida

Betha Lusana

Meine van Noordwijk (day 1)

The course program is provided as attachment 2.

Follow up

Thiswasthe firg attempt to share the models with an audie3nce of potentid ‘users
and as such provided valuable feedback to the mode devel opers about the models as
such, aswell as the way backgrounds can be explained and understood. Attachment 3
summarizes the feedback obtained at the end of the 3 days.

Feedback will be usad to improve the explanation and background materid thet is
provided on the website where the models are downloadable, as well as onthe CD-
rom that will be released together with the ‘Belowground Interactions in Tropica
Agro-Ecosysems’ book in May/June 2004.

In generd, the training materid devel oped and the way it was presented was well
appreciated — dthough a number of questions remained unanswered at the end of the
course. For the type of technica and fairly advanced audience that we had in this
course, the 3 day program with 2/3 of the time for hands-on practice and development
of users own applications was abouit right. Three resource persons for agroup of 15
participants was hepful during the exercises, as it dlowed for intensive discussons.

Follow up training sessions organized along sSmilar lines may be desirable e sewhere
in the region, to support the current work on watershed functions in the context of the
ACIAR ‘watershed functions of land use mosaics ‘ project and RUPES (Rewarding
upland poor for the environmenta service functions they provide) action research
stes. CIFOR colleagues decided to include the modd astool in research proposas
that are currently submitted
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Attachment 1. List of Participants

No Name Institution Email
(name, address, phone)

1 Delon M.H IPB delonist@telkom.net
JI. Raya Pajajaran Bogor
PH : 376817

2 Perdinan IPB perdinan_rakiso@yahoo.com
JI. Raya Pajajaran Bogor
PH : 376817

3 Muhamad Askari IPB askari@fmipa.ipb.ac.id
JI. Raya Pajajaran Bogor
PH : 376817

4 Kasdi Subagyono CSARD kasdi_s@yahoo.com
JI. Juanda No 98 Bogor
PH : 323012

5 Dicky Istanto PT Tata Guna Patria dicky_istanto@yahoo.com
JI. Bangka V/18 JakSel
021-7182534

6 Sandy E PT Tata Guna Patria axlsandyrose2000@yahoo.com
JI. Bangka V/18 JakSel
021-7182534

7 Daniel CIFOR d.murdiyarso@cgiar.org

Murdiyarso

8 Ulrik lllstead CIFOR u.illstead@cgiar.org

9 Kevin Jeanes ICRAF Bogor kjeanes@cgiar.org

10 | Bruno Verbist ICRAF Bogor bverbist@cgiar.org

11 | Rudy HW ICRAF Sumberjaya icrafshj@telkom.net

12 | Sofyan Kurnianto IPB g02499005@yahoo.com
JI. Raya Pajajaran Bogor
PH : 376817

13 | M.Taufik IPB m.taufik@mail.com
JI. Raya Pajajaran Bogor
PH : 376817

14 | Iva Dewi L UniBraw ivadew@yahoo.com

15 | Akhmad Fagih IPB akhmadfaqgih@plasa.com

JI. Raya Pajajaran Bogor
PH : 376817




Attachment 2. Program & Schedule

Date / Time Program Resource Person

14 April 2004 GenRiver model

09.00 - 09.30 Introduction to course (expectations, scope) Meine van Noordwijk

09.30-10.30 Introduction to GenRiver and component Meine van Noordwijk
process

10.30 - 10.45 Coffee break

10.45-11.15 Model implementation in Stella & excel Farida

11.15-12.00 Familiarize with the model input & output Farida
parameter

12.00 - 13.00 Lunch break

13.00 - 13.30 Parameterization & Sensitivity test Farida

13.30-14.00 Example of model application (default) Farida

14.00 - 14.30 Hands on exercise using default data Farida & Desi Suyamto

14.30 - 14.45 Coffee break

14.45 -16.00 Hand on exercise using default data Farida & Desi Suyamto
(continued) & data preparation for new
application using your own data

15 April 2004 SpatRain module

09.00 -10.30 Introduction to SpatRain Desi Suyamto & Betha

10.30 - 10.45 Coffee break

10.45-12.00 Hands on exercise using default data Desi Suyamto

12.00 - 13.00 Lunch break

13.00 - 14.30 Hands on exercise using your own data Desi Suyamto & Farida

14.30 - 14.45 Coffee break

14.45 - 16.00 Hand on exercise using your own data Desi Suyamto & Farida
(continued)

16 April 2004 Exercise

09.00 - 10.30 Exercise using your own data & possible Farida & Desi Suyamto
scenario

10.30-10.45 Coffee break

10.45-11.45 Exercise using your own data & possible Desi Suyamto & Farida
scenario

11.45-13.15 Friday prayer & lunch break

13.15-14.30 Discussion & Closing Farida, Desi Suyamto,

Betha Lusiana




Attachment 3. Feedback, comments, input

GenRiver

SpatRain

& eParticipants still questioned about
output fitnessto the actua data
point by point (not in term of
exceedance).

& eParticipants still questioned on how
to prepare spatial properties for the
mode from GIS data.

& «Participants asked for improvement
of the user interface, which
currently seems too complicated
and difficult to operate.

&5 «Participants asked for integration of
datidica andyssinto the modd
environmen.

& eParticipants il questioned about
land use change effect captured by
the modd that only coversits
surface properties.

= «Participants need guiddine for
parameterizing quditative
parameters related to land cover.

5 «Participants need complete user
manud

s eParticipants need further
explandion in interpreting the
results.

& eParticipants had questions about
topographicd variaion (dope) in
the modd.

5 eParticipants asked for improving
the model development to be more
gpplicative, with regardsto e.g.
spatidly explicitness.

s eParticipants still questioned about
biophysical propertiese.g. LAI,
which are not captured by the
modd.

& eParticipants asked for improvement of
the user interface, covering graphica
output — charting and progress report
within calculaion.

& eParticipants gill questioned on the
underlying concept used by the modd,
which is dill difficult to understand.

& «Participants asked for integration of
daidicd andydsinto the mode
environment.

& «Participants need user guide manud.

& eParticipants gtill questioned on
topographicd variability consdered
by the modd, including orographica
effects.

& eParticipants gill questioned on
sengtivity of each parameter
considered by the modd.

&S

Vzayzst

Feedback, comments, input for training/reading material

& &The reading materid isgood, it help in understanding the model
& eExplanation of the mode output on the exercise module is needed
&5 .eCurrent materia might not be sufficient for sdf learning

& #Reevant to the training

& eCurrent materia is good for the introduction but needs further development. It
is good to have two parts : theory & hand on practice




Feedback, comments, input for explanation of the model

#.&The understanding of the concept of the modd must be trandferred perfectly to
the audience

zseNery well. | appreciate the time taken to respond on every question

& &dncrease my understanding about the model

& =Explanation of the GenRiver mode is very dear, should make it more clear
for SpatRain especidly in term of atiicd anayss

Feedback, comment, input for model exercise

& &The exercise is very useful to understand the concept of the model

At isdill not satisfied, specidly on GIS data preparation

= #Need to show a case of study to run the model and analysis of output asthe
result of the modd

Feedback, comment, input for time allocation

& &Thetime dlocation is effective
& &Jightly different with the schedule
& Thetime adlocation is ok but time was lacking to go into the details.

Feedback, comment, input for training facilities

& .#0One computer had a problem during the training but basicaly the fadilitiesis
fine

&4t will be very convenient if performance of the PC meats minimum
requirements of the model

&5 #Computers sometimes blocking the view (CPU)




Attachment 4. Introduction to the cour se
Meine van Noordwijk

| ssues to be solved in ‘integrated water shed management’

Watershed functions can be defined from a‘ supply’ side on the basis of the quantity,
timing and qudity of river flow, or from the ‘demand’ Sde on the expectation of an
adequate supply of clean water and the absence of flooding, landdides and mudflows
(Fig. 1). Lack of accessto clean water is still amagjor determinant of poverty and lack
of hedth, and as such recognized as part of the Millenium Development Godls.
Inadequate or untimely supply of water to lowland populations is conventionaly
‘addressed’ by either of two approaches:

1) anengineering approach, often focussed on theriver bed in the middle section
of the watershed, where the speed of drainage is enhanced to reduce flooding
in sengtive places (but generdly displacing the problem downstream) and/or
opportunities for temporary storage are created in reservoirs and dams; pipes,
containers or bottles bring clean drinking water from upland sources to the
households where it is consumed

2) aregulatory approach to upland land use, declaring protection forest reserves
and threatening to enforce the rules through evictions (and sometimes doing
this to set an example).

Two additiona instruments are now added to this repertoire:

3) Spatial planning: based on the redization that alot of human damage by
flooding isbased on ‘living on the wrong place at the wrong time', efforts to
enhance downstream spatia planning can avoid/reduce damage

4) Payments and other rewards for environmental services. as a complement to
the‘stick’ of regulation, the ‘carrot’ of pogitive incentivesis now part of
policy didogues and public debate — dthough not yet widdy practiced.

pland land use

Downstream
water users &
stakeholders

Figure 1. Rdationships between upland determination of quantity, timing and qudity
of river flows through permanent Ste characteristics and upland land use, and the
downstream impacts on water users and other stakeholders, with arange of ‘feedback’
solutions



Poverty due to lack of access to adequate water supply occurs both in the lowland
areas as well as in the uplands, and often requires local technical solutions in the
forms of wells, reservoirs and pipes. The ‘regulatory’ approach, however, can also
directly enhance and induce poverty for upland land users, as the victims of evictions
often get displaced to environments less favourable to them, apart from the immediate
harm done during evictions. Expectations of ‘pro-poor’ payments for watershed
functions are based on
a) poor upland people as‘sdlers of environmenta services, ether through their
labour or based on the opportunity costs of avoided degradation,
b) poor downstream and urban people who get a cost- effective supply of water-
shed functions, paid by or on behdf of them through use of public funds.

Although water isactually one of the best under stood renewable resour ces (it all
gartswith rainfall (or other precipitation) and flows downhill...), the figure
illustratesthat the complexity of the upland —midstream — lowland relationships
and the associated human inter actions quickly exceeds our ability to take
rational decisions based on weighing all the options. Simplistic solutionsand
doganstend to get the upper hand...

Both the regulatory and the positive incentive approach are built on assumptions of
attribution or an ability to disentangle the cause-effect chainsinvolved in water flows.
Preventing or encouraging certain types of human activity will not in itself modify
magor determinants of river flow, such asrainfal, soil type, land form and geologica
subgrate. ‘Watershed functions' in the usua definition are based on ‘ permanent’ site
characterigtics (with large spatid variation...) plusimpacts of land use (in a broad
definition including al human activities). An effort can be made (see below) to define
indicators of watershed functions that take the permanent Site properties (and
especidly rainfdl) into account, and thus increase the sengtivity of the indicatorsto
local land use change, rather than to geographicd variation in permanent Ste
characterigtics. We need to recognize the complementary sources of ‘knowledge':
locd ecologica knowledge, public policy assumptions and (eco)hydrology (Fig. 2).

The GenRiver and SpatRain models were developed as contributions to the * model-
lers ecologica knowledge domain, to be used as ‘ negotiation support’ tools for fin-
ding red-world solutions to improving watershed functions, that maximize the clarity
of attribution and the exploration of plausible scenarios for multiple changein driving
forces.

The GenRiver model consists of essentidly two parts:
& «a "' plot-level’ gpproach to tracking the daily water balance on the basis of
inputs, outputs and changes in stored resources, and
& @ ‘trangport network’ that determines how the various plot-level outputs
aggregate to determine river flow at observation points of particular interest
(e.g. the overdl outflow of the catchment, the location of floodplains and/or
cities...).

SpatRain provides spatidly explicit representations of dally rainfal that can be used
as inputs to the GenRiver modd (or for other smilar models.. ).



Ecological
Knowledge

Based on ‘ categories

Based on ‘processes

Modellers
Ecologica
Knowledge

Local
Ecological
K nowledge

1

direct ~ includes
‘observables  balance sheets

Figure 2. Three complementary knowledge domains on ‘watershed functions’

Time/space pagern of rainfall

Subcatchments A, B, C
LUT a,b,c,d,e,...

Rooted I
soi

Ground-
water

Stream network with travel
time & pulse-shape effects
?

Hydrograph Water. balance

Figure 3. General design of the GenRiver model, with its identification of s patially
defined ‘subcatchments’ with their space/time pattern of rainfall and characteristic
soil depth and water storage, representation of generic land use types (LUT’s) in
each subcatchment (potentially changing with time), common groundwater pools at
subcatchment scale, and a stream network that influences travel time and shape of
pulses that arrive at multiple ‘observation points’



GenRiver component A. Plot-level water balance

The GenRiver modd partitions incoming rain over 5 pathwaysin (Fig. 4).

1. Interception & evaporation
from wet surfaces

2. Overland flow into
streams: quickflow

3. Subsurface flow into
streams: ‘interflow’ or
‘soil-quickflow’

4. Uptake by plants for
transpiration (+ soil
evaporation)

5. Gradual release to stream
through deep soil pathways

Figure 4. Partitioning of an average incoming drop of rain over five pathways, two of
which return to the atmosphere (evaporation from wet surfaces that intercepted
rainfall, and evapotrangpiration of water temporarily stored in the soil), and three of
which reach the stream and river network, but with different time constants (overland
flow, rapid subsurface flows and gradua release of groundwater)

1) Interception

limited
ZCap* (1-EXP(-Rain/Cap))

Rainfall per event, mm
Figure 5. Assumed relaionship between daily rainfal and the amount of ‘intercepted’
water stored on leaf and other surfaces (and likely to evaporate the same day) (Smilar
to the HYLUC modd of Calder, 2004)

2) Infiltration

Two conditions lead to overland flow:

*Surface infiltrability less than required during sorm (‘ Hortonian' overland flow,
‘seding’ of the surface’); dope, surface roughness and rainfal intensity
determine the time available for infiltration



Saturation-limited: surface soil layers are saturated and rate of outflow determines
possible rate of inflow

3. Subsurface flow into streams: ‘interflow’ or *soilquickflow’

SoilQuickFlow:
Max(0,Soil- FieldCap)

GW release Fraction » Baseflow

Figure 6. Two-tank modd of water storage in rooted soil and (bel ow-rootzone)
groundwater; the width of the outflow pipe between the tanks determines the
proportiondity actor of the outflow; soil quick-flow isan uncondrained ‘ overflow’
for any water in excess of field capacity

4. Uptake by plants for transpiration (+ soil evaporation)

W _avail
10 FTTTITT (B INtercESf * Epyg) * W_avall
’
H / R
it _ Evaporation of
/’ L : ﬁC* DroughtFactor Energy driven, intercepted water
il (VegType) e.g.Penman reduces transp.
0 P\:/\;Pl demand

Soil water content

Figure 7. Assumed relationship between soil water content and soil water availability
for evapotrangpiration as fraction of the (energy-limited) potentia ET (pwp =
permanent wilting point)

5. Gradual release to streams through deep soil pathways
Asexplanedinfig. 6.

By integration over these 5 pathways we can get an overview of the water balance

?

T

Day of year
Figure 8. Water balance as derived fro m the accumulation of rain fal (P), river flow
(Q) and changesin water storage (?S)




GenRiver component B. Stream and river network

Hydrograph
Howin
mmay[‘\#\/\
Day of year
Subcatchm (A |B C |D |E
ObsPoint:
1 4 |7 10 (8 |6
2 -1 (-1 |4 |3 |-1
3 -1 (-1 |-1 |-1 |2

Figure 9. Stream network representation based on ‘ effective distance’ (with the
option for correcting for dope and alowing a sngle mean flow ve ocity to be used);
vauesof —1 represent observation points upstream of subcatchments

Options exigt to include lakes and atificia reservoirsin the stream network.




