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Abstract

Land use and climate change are factors that significantly affect the watershed hydrological
conditions, and hence influence the effectiveness of the watershed in regulating landscape water
balance. Therefore, ensuring that land allocation and utilization are managed sustainably is crucial,
and as such watershed management must be supported with integrated watershed planning. This
study aims to show the ability of GenRiver model is supporting the watershed planning as a tool to
assess the current condition of watershed hydrologcal function, as to what extent the watershed can
buffer and filter the impact of changes in land use and climate. We will test the model on an important
watershed in West Java, the Upper Citarum watershed which is a part one of the national priority
watersheds; Citarum watershed. A process of model calibration and sensitivity analysis were
conducted to determine the feasibility of Genriver model in simulating Upper Citarum watershed
conditions, in particular to estimate the water balance at landscape level. The results of the GenRiver
model simulation in the Upper Citarum Watershed using data from 2012-2016, showed that on
average 37% of the rainfall that falls in the Upper Citarum Watershed becomes surface flow (run-off),
7% becomes sub-surface flow and 20% baseflow. Sensitivity analysis was carried out by compiling
five land cover scenarios and three rainfall scenarios that were considered to represent various
conditions that might include extreme conditions: the entire land became an open area (extremely
negative) and the entire land became forest (extremely positive). The results of the extreme negative
simulation projection show that the degraded condition of the Upper Citarum watershed with the
dominance of open land has the potential to increase surface runoff up to 70% of the rainfall.
Meanwhile, improvement of land cover in the upstream Citarum watershed by reforestation (positive
extreme scenario) was able to reduce surface runoff by up to 20% of the total rainfall. The model
calibration and validation evaluation showed that GenRiver performed satisfactorily and was sensitive
enough to capture the range of scenarios. Therefore, GenRiver model can be used for simulating
policy-based scenarios to simulate the effect of land-use interventions or restoration programme in
Upper Citarum watershed. A soil erosion module needs to be added so that a sound policy
recommendation can be developed from Genriver outputs.
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1. Introduction

A water catchment or watershed has a significant role in sustaining the livelihood of the people living
in it. Watershed degradation can trigger various natural disasters such as floods, land slides and
droughts. There are many factors that affect watershed conditions, including land cover and climate.
Guo et al (2008) stated that changes in land cover affect the total annual discharge in a watershed.
Therefore, watershed management, especially land use planning and management, is a pre-requisite to

maintain watershed conditions and mitigate problems and issue potential to degrade watershed.

According to Government of Indonesia Regulation No. 37 of 2012 concerning Watershed
Management, watershed management is defined as human efforts to regulate the reciprocal
relationship between natural resources and humans in the watershed and within all their activities, in
order to achieve the sustainability and harmony of ecosystems and increase the benefit of natural
resources for humans in sustainable manner. The first stage in watershed management is composed of
inventory planning, preparation of watershed management plans and determination of watershed
management plans. Inventory activities here can be in the form of setting watershed boundaries and
watershed assessments for classifying categories as being maintained and restoring their carrying
capacity,

With an area of 6.617 km?, Citarum become one of the major watersheds in Java and Indonesia
because of its role as a provider of clean water, energy supply (electricity in Java and Bali) and
support for food security as a source of irrigation for rice field (Kurniasih N, 2002 and BBWS, 2016).
However, the hydrological condition of the Citarum watershed, both in terms of quality and quantity,
is vulnerable to land use change and climate change. In watershed planning and management, the
Citarum watershed is divided into 3 parts based on its topography, namely: (a) the Upper Citarum
watershed which empties into the Saguling Reservoir, (b) the Middle Citarum Watershed which
empties into the Cirata Reservoir and (c) the Lower Citarum Watershed which empties into the
Jatiluhur Reservoir. In general, the upstream watershed functions as an important conservation area
for protecting the function of the river system. Therefore, any activity in the upstream area ptentialli
will have an impact in the downstream area, such as flow rate fluctuations, sediment transport and
dissolved materials in the river system. Hence, watershed management is the upstream area often
becomes the main focus of attention.

Given the current condition of Citarum watershed it is desirable and pertinent to assess the
hydrological function of the Upper Citarum watershed. One approach to assess watershed conditions
is to analyze discharge patterns and water balance, which can be done with the help of a hydrological
model. A hydrological model is a mathematical representation of a watershed-response system that
can be used to simulate the input-output conditions of the watershed. Using a hydrological model, it is

possible to predict the magnitude of changes in water discharge that will occur because of potential

' Ministry of Forestry Regulation No. 60 of 2014 concerning Criteria for Determination of Watershed
Classification.



fiture changes in the watershe. In addition, a hydrological model can also save costs, efforts and time
in the research process to assist policy making in designing suitable watershed management plans.

The World Agroforestry (ICRAF) has developed a parsimonious hydrological model, the Generic
River Flow or GenRiver model (Van Noordwijk et al, 2011). GenRiver model simulates the impact of
land cover changes on hydrological conditions, ie. the landscape water balance partitioned as the
amount of evapotranspiration, surface flow, subsurface flow and base flow. GenRiver model also able

to simulate the trajectory of changes in water balance components over a period of time.

This study aims to evaluate the suitability of GenRiver model to assess the hydrological function of

the Upper Citarum watershed using a model simulation approach. This article specifically discusses:

1. Genriver model calibration process by analyzing the impact of land cover changes in the period

2012-2018 on the condition of the upstream Citarum watershed

2. Sensitivity analysis process by estimating and projecting the impact of various land cover and

climate change scenarios on the Citarum watershed in the period 2019-2028.



2. Methodology

2.1. GenRiver Model

Generic Riverflow Model (GenRiver) is a simple model that simulates river flow in a watershed based
on the conversion of water balance from plot level to watershed level. The model model was
developed by the World Agroforestry Center (ICRAF) to allow the use of a simple, replicable, and
rapid approach in assessing the watershed hydrological condition using publicly available
hydroclimate data from various sources including government agencies and other research
institutions. Specifically, the model was intended to support the development of incentive schemes for
ecosystems services in a watershed. The GenRiver model has been applied to various watershed
conditions both in Indonesia and outside Indonesia with an area between 6 — 9,800 km?”. Hydrological

assessment activities using GenRiver model generally last about 6 months.

The GenRiver model uses the water balance equation shown by equation 1. This equation assumes a
closed water system in a landscape where rainfall will be channeled into river discharge (Q),
evapotranspiration (E) and groundwater (AS).

P=Q+E+AS (D)

The core concept of the GenRiver model is the daily water balance at the plot level generated by daily
rainfall and influenced by land cover changes (Van Noordwijk et al 2011). The output of this plot
level water balance is the water yield which is the sum of surface flow, subsurface flow and base
flow. Furthermore, the resulting water yield is converted into discharge at the landscape level
(watershed) through the river network (distance to the final outlet). Figure 1 is an illustration of the
concepts and modules in the GenRiver model. The data required by the GenRiver model consists of
spatial, climatic and hydrological data (Table 1).

I Sub-Watershed 3

| Sub-Watershed 2

Sub-Watershed 1

Actual
evapotranspiration

Interception | Interception
Rainfall = evapotranspiration
T ¥
| ™ D@

+

Infiltration Sl:lrface
oo pvr: The time it
T "l ﬂ takes to get to

Subsurface

flow

1 Top ground water /] the outlet
Percolation 5
Deep ground water 69

Base flow

Figure 1. The core of the GenRiver model which is a combination of the water balance at the sub-watershed
level to the watershed level



Table 1. Minimum data required to simulate GenRiver Model

No Input Period Minimum data requirement
1 Climate Rainfall Daily 10 years data
Temperature Daily or monthly 1 year data
Evaporation from (Pan evaporation)  Daily or monthly 1 year data
2 Hidrology River discharge Daily 10 years data
3  Spatial Land cover map - 2 transition year
Soil map - -
DEM map” -
River map - -

2.2. Modeling Stages

There are three stages in carrying out hydrological modeling using the GenRiver model to meet the

objectives of this research (Figure 2).

GenRiver model input preparation. This stage encompasses the preparation of all the inputs
needed to simulate the GenRiver model including the data collection and analysis process.
The data that has been collected is then analyzed and compiled according to the format
required by the GenRiver model. Collecting information on watershed conditions from
various stakeholders (community, government, Nand GOs, water use companies and other
stakeholders in the watershed area) is also needed to develop plausible land cover change
scenarios. Further analysis of climate, hydrological and spatial data can be seen in Khasanah
et al (2010).

Hydrological modeling using GenRiver Model. The hydrological modeling phase with the
GenRiver model begins with the calibration and model validation stages. Calibration is a
process of adjusting several parameter values (parameterization) in the model with the aim
that the simulation results represent the actual watershed conditions (Kumarasamy and
Belmont, 2018). Parameter values that require adjustmen are usually paranmeters that require
considerable time and cost to measure such as infiltration rate, maximum soil capacity and
river roughness. Validation is the process of comparing between the water discharge
estimated by the model with the actual measured discharge. When the calibration and
validation stages are completed, the next step is to simulate scenarios of land use changes and

assess their impact on the landscape water balance.

Model interpretation. This stage is the final stage, where we compare the simulation results
of the different land cover and climate change scenarios. The output of this stage can be used

in developing watershed management plans.
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- Input Time series data: » Digital Elevation Model DEM
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MODEL INTEPRETATION climate change to water balance

Figure 2. Stages of hydrological modeling using the GenRiver Model

2.3. Calibration, Sensitivity Analysis and Model Evaluation

Calibration, sensitivity analysis and model evaluation are activities conducted in the early stages of
modeling, to determine the feasibility of the model and its parameterization.

Calibration is a process of determining parameter values that are not measured and representing
watershed characteristics. Generally, calibration of a hydrological model is conducted on a group of
parameter values (measured and non-measured) to ensure that the simulated discharge was able to
captire the trend of the actual discharge value (Kumarasamy and Belmont, 2018). Although the
calibration process cannot correct fundamental errors such as model structure and data quality, the
calibration process is an important step and needs to be carried out to improve the reliability of
hydrological model applications.

Sensitivity analysis in modeling aims to measure the effect of changes in a parameter on the changes

in simulation results. In modeling, especially hydrological modeling, calibration and sensitivity
analysis are usually carried out simultaneously to assess the viability of a model application. In this
study, the sensitivity analysis is intended to see the sensitivity of the GenRiver model in simulating a
range of plausible scenarios and asses if the simulated results are plausible and conceptually sound.
Feasibility will be assessed from the ability of Genriver model to simulate changes in the landscape
water balance within the range of two extreme scenarios.

Model evaluation is often also referred to as model validation, which is the process of determining

whether the model conceptually is a simplification that represents a real system. There are many kinds
of validation methods, and in the context of this study, the validation of the GenRiver model is done
by comparing the simulation output with field observations/measurements. There are three (3)
indicators used to measure how close the simulation results are to the measured discharge: (i) bias, (ii)



correlation coefficient and (iii) Nash-Sutcliffe Efficiency. In this study, each indicator is calculated for
one year of daily observations for each year of the 2012-2014 calibration and evaluation period.

Bias (%) measuring the difference between the total daily river discharge observed (yo»s) with the
total daily river discharge generated by the simulation (y,x), calculated using equation 2 using the

performance reference according to Table 2.

Bigs = 20ebs “Ysim) o0ee @)

Zyobs

Table 2. Category of model performance based on the value of bias.

Bias Model performance
|Bias| < 10 Very good

10 < |Bias| < 15 Good

15 < |Bias| < 25 Enough

|Bias| = 25 Not good

Correlation coefficient () measuring how similar the trend/pattern is produced by the total daily
river discharge observed (x) with the total daily river discharge generated by the simulation (y) with a

certain amount of data (n), calculated using equation 3.

Sxx=szf@

n

X y)?
Sy :Zyz _1_31’ ................................................ 3)
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n

S
R=—2

 SxxSyy

The value of » > 0.65 indicates the model is quite satisfactory in simulating river discharge and
conversely the value of 7 < 0.65 indicates the model is not satisfactory in simulating river discharge.

Nash-Sutcliffe Efficiency (NSE) measuring the residual variance of the model relative to the
diversity of observational data (Moriasi DN, et al, 2007). NSE is between -co (infinity) and 1,
measured by equation 4 with the reference value in Table 3.

oy 2
:{1_ Y{obs — ysim
NSE=1— ‘:E( ‘b : ))2 ............................. @)
n (yobs _ ymean
i=1\"1




With Y,°* as the daily river discharge observed, ¥ is the daily river discharge simulation results,
Y™ is the average monthly river discharge observed and n is the number of observed data.

Table 3. Category of model performance based on NSE value

NSE Model performance
0.75<NSE <1.00 Very good

0.65 <NSE <0.75 Good

0.50 < NSE =0.65 Enough

NSE <0.5 Not good

2.4. Land Cover and Climate Change Scenarios

There are five scenarios of land cover change and three climate change scenarios in the upstream
Citarum watershed that were simulated over the period of ten years: 2019 — 2028 (Table 4). The
primary forest scenario (NF) and the open land scenario (CL) are the most extreme scenarios to show
the best and worst conditions for the Upper Citarum Watershed. The BAU scenario and the 25
mm/second rainfall intensity scenario are the current condition (2018) which will be used as a
baseline for other scenarios. The GenRiver model will be simulated based on a combination of land

cover and climate change scenarios (Figure 3). In total, there are 15 scenarios run in this study.

Table 4. Scenarios of land cover and climate change in the Upper Citarum watershed

Scenario Description
Land Primary forest (NF) All areas, except settlements are converted into primary forest
change. Agroforestry (AF) All areas, except settlements and forests are converted to
scenario agroforestry

Bussiness as Usual (BAU) There is no change in land cover (land cover in 2028 together

with the land cover in 2018)

Seasonal crop farming (CR)  All areas except the settlements converted to cropland annuals

Open/degraded land (CL) All areas, except the settlements converted into open land /
degraded
Climate | =20 mm/second Rainfall intensity 20 mm/second
change. | = 25 mm/ second Rainfall intensity 25 mm/second, Business as Usual conditions
scenario
| = 30 mm/ second Rainfall intensity 30 mm/second




Rain intensity = 20
mm/second

Cropland (Crop)
All areas, except settlement are
converted into cropland

Figure 3. Combination of land cover and climate change scenarios



3. Characteristics of Research Site

3.1. Sub-watershed and Water Flow Distance

The Upper Citarum watershed with a catchment area of 232,050 Ha (based on delineation results) has
a final outlet in the Saguling Reservoir. Based on its management, the upstream Citarum watershed
can be divided into 7 sub-watersheds: Cirasea, Cisangkui, Citarik, Ciwidey sub-watershed,
Cikapundung, Ciminyak and Cimeta. In this study, the Cimeta sub-watershed is not included in the
simulation because although its management is categorized under the Upper Citarum watershed, the

outlet of its flow is after the Saguling reservoir.

Table 3 shows the results of the spatial analysis for the routing distance from the center point
(centroid) of each sub-watershed to the Saguling Reservoir as shown in Table 3. Routing distance is
defined as the distance of water flowing and in Genriver, its value is used to estimate the travel time
of water from each sub-watershed to reach the Saguling reservoir. The farther the distance, the longer

it takes for the water to flow until it reaches the Saguling reservoir.

Table 5. The area and routing distance of each sub-watershed in the Upper Citarum Watershed

Distance from the center of the Sub-watershed

SUB-WATERSHED gealie) to the Saguling Reservoir
Cisarea 37,5 88.5
Citarik 45,9 78,0
Cisangkuy 30,5 78.3
Cikapundung 40,0 72.3
Ciwidey 27,0 59.8
Ciminyak 32,2 5,0
Saguling Reservoir 3,3 0.0
TOTAL 216,4 -




,\‘\1,_
— -

R b
;,,.\,jx(a DAS Citarik ™

Figure 4. Sub-watershed of the Upper Citarum Watershed

3.2. Climatic and Hydrological Data

Rainfall and hydrological data used in this study are secondary data obtained from the Center for
Research and Development of Water Resources, the Center for Water Resources Management
(PSDA) for the Citarum River Watershed and the Citarum River Watershed Center (BBWS). Figure 5
shows the distribution of rainfall stations in the Citarum watershed. There are several stations that
have rainfall data starting in 1980, 1990, 2000 and 2010. The availability of rainfall and hydrological
data for each station varies depending on the year the station started operating. This study used
rainfall and hydrological data from 2012-2018 in line with the existing land cover maps.

Of the many hydrological stations in the Upper Citarum watershed, Nanjung Station was chosen
because it is located on the Citarum river and is the closest station to the Saguling Reservoir, thus
supporting the model calibration results to represent actual conditions. Rainfall data used came from
three different stations because all stations near Nanjung station do not have a complete rainfall data
(2012-2017). Therefore, we used the rainfall data from Bojong Soang Station (2016-2017), Cicalengka
Station (2012-2014) and Hantap Station (2015). The three stations are the closest rainfall stations to
Nanjung Station.

-10 -
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Figure 5. Distribution of rainfall and hydrological stations in the Upper Citarum watershed

3.3. Land Cover

Land cover data used in this study is the result of Landsat images classification by the World
Agroforestry (ICRAF) based on groudtruthing survey. Land cover in the Upper Citarum watershed
from 2012-2018 was dominated by seasonal crops (23.7%), settlements (16.7%), rice fields (15.5%)
and agroforestry (12.2%). The remaining forest area is in the upstream part of the watershed, which is
a state-owned forest area. Figure 7 and Table 6 show land cover changes in the upstream Citarum
watershed from 2012-2018. During the period of 6 years, the biggest changes occurred in the
reduction in the area of high-density secondary forest (4.32% or 9.341 ha), the decrease in the area of
seasonal crops (4.12% or 8925 ha), the increase in mixed agroforestry areas (4.27% or 9.239 ha),
settlements (2.93% or 6,344 ha) and rice fields (2.89% or 6,258 ha).
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Figure 6. Upper Citarum watershed land cover map

Table 6. The area of each type of land cover in the Upper Citarum Watershed

2012 2015 2018

TYPES OF LAND COVER
Ha % Ha % Ha %
Primary forest 1,380 0.64 25 0.01 25 0.01
High density secondary forest 27,291 12.61 22,230 10.27 17,945 8.29
Low density secondary forest 5,248 2.42 4,798 2.22 2,224 1.03
Mixed agroforestry 22,037 10.18 25,806 11.93 31,273 14.45
Coffee agroforestry 1,888 0.87 2,910 1.34 2,591 1.20
Rubber plantation 679 0.31 2,333 1.08 2,272 1.05
Qil palm plantation 41 0.02 41 0.02 41 0.02
Teak plantation 559 0.26 2,458 1.14 1,869 0.86
Sengon plantation 910 0.42 984 0.45 1,613 0.75
Pine plantation 10,458 4.83 15,032 6.95 16,233 7.50
Other plantations 690 0.32 1,796 0.83 2,944 1.36
Tea plantation 9,620 4.45 10,049 4.64 6,412 2.96
Rice field 30,292  14.00 33,984 15.70 36,544 16.89
Annual plants 55,543  25.67 51,736 23.91 46,609 21.54
Settlement 33,018 15.26 35,778 16.53 39,356 18.19
Open field 11,820 5.46 2,225 1.03 4,054 1.87
Mine 30 0.01 26 0.01 172 0.08
Water body 4,900 2.26 4,192 1.94 4,190 1.94
TOTAL 216,404 100 216,405 100 216,366 100

-12 -



3.4. Soil Type

Based on the soil map (source: Repprot), the soil type in the Upper Citarum watershed is dominated
by Inseptisols (80%) while the rest is Ultisols (20%) (Figure 8).
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Figure 7. Map of soil types in the Upper Citarum watershed
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4. Suitability test on hydrometeorological data

The hydrometeorological data intended to be used in this study must pass quality check. A reasonably
good rainfall and water discharge that will be used is tested for suitability first. The corresponding
data will temporally have similar pattern, ie. high rainfall will be associated with an increase or stable
the water discharge. If a pattern difference occurs, eg. high rainfall associated with a decrease in river
discharge or no river discharge at all, it is necessary to review why this occurs and review the use of

rainfall and river discharge data for simulation.

Based on our analysis on 2012-2017 data, the following cautionary result were found (Figure 8):

i.  Data in 2017 resulted in small evaporation value (less than 500 mm/year) compared to other

years

ii.  Datain 2015 showed a pattern where an increase in the Citarum river discharge was not

associated with rainfall occurrence.

As the rest of data were categorized as plausible, we will use the hydrometeorological data and the
results of this analysis will be used to explain the results of calibration and model validation in the
later stage.
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Figure 8. Analysis of rainfall and discharge of Citarum river in 2012-2017
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5. Results and Discussion

5.1. GenRiver Model Calibration and Evaluation

The GenRiver model calibration were calibrated using the rainfall data from Bojong Soang Station
(2016-2017), Cicalengka Station (2012-2014) and Hantap Station (2015), with river discharge data at
Nanjung Station (2012-2017), shown in Table 7. For year 2015 and 2016, the NSE value are less than
0.5 (Table 8), most likely due to the mismatch between river discharge and rainfall data as discussed
in the pervious section (Figure 7). The complete results of the simulation and descriptive comparison
between the measured river discharge and simulated ones using the GenRiver model are depicted in
Figure 9 and 10.

Based on the results of the evaluation of the model's performance in simulating the Citarum river
discharge in 2012-2018 (Table8), we concluded that the model was suitable to simulate the landscape
water balance in the Upper Citarum Watershed. Thus, the calibrated GenRiver model can be used to
simulate land use and change scenarios in the Upper Citarum Watershed.

Table 7. The parameters used in the GenRiver Model for simulating the Upper Citarum Watershed

Parameter Name Explanation Value
RainInterceptDripRt Rainfall interception rate 10
RainMaxIntDripDur Raindrop interception duration 0.5
InterceptEffectontrans Effect of rainfall interception on transpiration 0.4
RainintensMean Average rainfall intensity 25
RainlntensCoefVar Coefficient of variation of rainfall intensity 0.3
MaxInfRate Maximum infiltration capacity per day 900
MaxInfSubsoil Maximum infiltration capacity into sub-soil per day 200
PerFracMultiplier Groundwater release fraction per day 0.15
MaxDynGrWatStore Maximum capacity of groundwater storage 100
GWReleaseFracConst Baseflow release fraction 0.05
Tortuosity Watershed form factor 0.7
Dispersal Factor Flow density 0.5
River Velocity Flow speed 0.6

Table 8. GenRiver Model Calibration and Validation Resulting from simulating the Upper Citarum Watershed

Year n Biased (%) NSE r Biased (%) NSE

2012 12 9.14 0.84 0.94 Very good very good
2013 12 17.52 0.56 0.91 satisfactory satisfactory
2014 12 -11.46 0.82 0.96 good very good
2015 12 51.59 -0.34 0.67 unsatisfactory unsatisfactory
2016 12 0.42 -0.65 0.25 Very good unsatisfactory
2017 12 -21.40 0.62 0.81 satisfactory satisfactory
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Figure 9. Comparison of hydrographs between measured data in Nanjung Station and the simulated GenRiver
model results.
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5.2. Simulating the Impact of Land Cover Change on the hydrological
watershed function of the Upper Citarum Watershed in 2012-2018

Based on the simulation results of the calibrated model, the water balance of the upstream Citarum
watershed for 6 years (2012-2018) has an average annual evapotranspiration of 787 mm or 35% of the
total landscape water balance in that period, run-off of 824 mm (37 %), subsurface flow amounted to
154 mm (7%) and the base flow of 415 mm (20%) with the total rainfall varies between 1670-3076
mm with an average of 2230 mm (Table 9). In general, it is challenging to validate the results of the
water balance, particularly the components of stream flow (base flow, sub-surface flow and run-off)
due to difficulties to measure at landscape level and therefore inavailability of data. Instead, what can
be done is to compare the existing theories/concepts regarding the water balance in a wet tropical

climate. For example, the evapotranspiration value never exceeds the total rainfall (Peters T, 2014).

Table 9. The condition of the water balance of the Upper Citarum Watershed for 6 years (2012-2018) from the
simulation results of the GenRiver model

Water balance components Lowest Average Hgnest
mm % mm % mm %
Rainfall 1670 2230 3076
Evapotranspiration 645 39 787 35 1055 34
River discharge 989 59 1424 64 2101 68
Surface flow 548 33 824 37 1204 39
Subsurface flow 28 2 154 7 315 10
Base flow 355 21 451 20 644 21

The landscape dynamics during the period of simulation was derived from changes in the land cover
maps (Table 6, Figure 6). At the start of the simulation, in 2012, land cover consisted of 39.7% of
annual crops including rice fields, 20.7% of settlements and open land, 16.9% of tree systems such as
tree plantations and agroforestry, 15% secondary forest and less than 0.7% primary forest. During the
period 2012-2018, there was a decline in primary forest by almost 100% and secondary forest by
38%, equivalent to about 1350 ha and 12,370 ha. Seasonal crops increased by 53%, equivalent to
19,320 ha. The impact of the landcover changes on landscape water balance are shown in Figure 11A.
Figure 11B depicted the relationship between total rainfall with surface runofft, subsurface flow and
base flow. The higher the annual rainfall, the higher the surface runoff, subsurface flow and base flow
will. In the Upper Citarum watershed, every 100 mm increase in rainfall will increase surface runoff
by 40 mm, subsurface flow by 19 mm and base flow by 20 mm.
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Figure 11. The simulated water balance of the Upper Citarum watershed in 2012-2018 (left) and the
relationship between simulated stream flow and rainfall dynamics (right)

Reducing the total rainfall from 3076 mm to 1851 mm, while keeping the landcover dynamics similar
led to similar results of stable surface runoff, subsurface runoff and baseflow over the period of
simulation (Figure 12). Hence, suggesting land use changes over the period of simulation does not
provide significant changes the water balance in the Upper Citarum Watershed, due to the proportion
of forest area is stable of less than 1%, and also the area of seasonal crops is stable at 20-25% during
2012-2016.
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Figure 12. Effect of land cover change and rainfall on surface runoff, subsurface flow in the Upper
Citarum Watershed

5.3. Simulating the Impact of Land Cover and Climate Change
Scenarios in the Upstream Citarum Watershed (2019-2028)

The model simulations intend to explore the changes in hydrological conditions in the upstream
Citarum watershed due extreme changes in land use and climatic changes . There are five land cover
change scenarios and three simulated climate change scenarios for 2019 — 2028 (Table 4). The five
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land change scenarios are (1) increase in primary forest hutan (NF), (2) increasing agroforestry
farming (AF), (3) business as usual, where the land use/cover stable over 2018- 2028 period (BAU),
(4) increasing of annuall crop farming (Crop) and (5) increase in open/degraded land (CL). The three
climate change scenarios consist of: (i) decrease in rainfall intensity (I =20 mm/second), (2) rainfall
intensity is the same as current conditions (I = 25 mm/second), (iii) increase in rainfall intensity (I =
30 mm/second).

The simulation results showed that an increase in tree or woody vegetation (NF and AF) will reduce
the surface runoff and increase subsurface flow and base flow. On the other hand, the reduction of
woody vegetation (Crop and CL) will increase surface runoff and decrease subsurface flow and base
flow. In addition, the increase in rainfall intensity also causes an increase in surface runoff and a
decrease in subsurface and base flow. Furthermore, surface runoff is the component of the water
balance that is most vulnerable to changes in land cover and climate, while base flow is the
component that is least vulnerable to these changes (Table 8, Figure 13).

When compared to the BAU scenario, the NF and AF scenarios have a significant impact on changes
in surface runoff and subsurface flow (Figure 14). On the other hand, the scenario of massive land
clearing (CL) will cause evapotranspiration to decrease drastically and turn into runoff, which will
increase the potential for flash floods.

Table 10. The simulated landscape water balance at the end of model run under different land and climate
change scenarios in the Upper Citarum Watershed

Climate Change

Water balance

Land change scenario

Scenarios components (%) NE AF BAU Crop CL
| =20 mm/second Base flow 24.6 23.5 19.4 20.9 211
Subsurface flow 23.3 15.7 3.5 5.3 4.5
Surface flow 13.2 26.4 46.1 41.7 52.0
Evapotranspiration 38.8 34.3 31.3 32.1 22.6
| = 25 mm/second Base flow 23.7 223 20.7 19.1 19.4
Subsurface flow 19.9 10.7 5.5 3.0 22
Surface flow 18.1 33.6 414 47.9 57.2
Evapotranspiration 38.2 33.5 32.6 30.2 21.5
| = 30 mm/second Base flow 22.9 21.2 19.4 17.7 17.9
Subsurface flow 17.0 7.5 3.5 21 1.3
Surface flow 22.4 38.8 46.1 52.0 60.8
Evapotranspiration 37.6 32.7 31.3 28.6 20.5
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Figure 13. Simulation results of the 2028 upstream Citarum watershed water balance based on various scenarios
of land cover and climate change

Figure 15 provides further analysis of surface run-off changes in the NF and CL scenarios. Further
analysis showed that the conversion of 82% (174,723 ha) of land in the upper Citarum watershed into
natural forest areas would reduce runoff by 22% of the total rainfall. On the other hand, clearing the
same area as open land will cause 70% of the rain to become surface runoff at the end of the simulation

(2028). Thus, the model simulated that 5 mm/s of rainfall will cause an increase in runoff of about 5%
of rainfall.

NF and CL scenarios are extreme conditions which in reality is almos impossible to occur. However,
the results of these extreme conditions can provide an overview of the range of recovery and degradation
of the Upper Citarum Watershed that could occur and intervention schemes at the plot level through
soil and land conservation as well as interventions at the landscape level through regional planning
policies will result in a water balance at the landscape level within the range of NF and CL scenarios.
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Figure 14. Trends in changes in water balance components in 2019-2028 for various scenarios of land cover
and climate change.
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6. Conclusions and Recommendations

The results of calibration and evaluation showed that the parameterization of the GenRiver model
using observation data of rainfall and water discharge in the Upper Citarum Watershed in the period
2012-2018 performed well and hence, GenRiver is suitable to be used to simulate the effect of land
cover change and climate change on the hydrological function of the Upper Citarum Watershed.
Sensitivity analysis by simulating the range of extreme positive and extreme negative land use and
climatic changes depicted that the model is quite sensitive in simulating the impact on the water
balance at the landscape level and has provided the range of changes (degradation and improvement)
that occur of the hydrological watershed functions.

Under the current condition of land use management (2012-2018), 35% of the rainfall that falls in the
upstream Citarum watershed is used by vegetation and evaporated, 37% flows as surface runoff, 7%
becomes subsurface flow and 20% base flow.

Based on the simulation results of the GenRiver model (2019-2028), every 4700 ha of land clearing
will contribute to a 1% increase in runoff (from rainfall). In contrast to reduce runoff of 1% is is

necessary to increase 7900 ha of land area into woody vegetation.

The increase in rainfall intensity is positively correlated with an increase in surface runoff. The higher
the intensity of rainfall, the higher the runoff. Therefore, increasing woody vegetation in the landscape
is recommended to buffer against the possible occurrence of changes in rainfall intensity.

This study was prepared using conceptual scenarios that were not based on realistic intervention
schemes at either the plot or landscape level. Also, the current version of GenRiver does not have Soil
Erosion module, and therefore unable to estimate the impact of land use change on soil erosion, an
important issue in the Upper Citarum Watershed. The next steps that can be taken are (i) to add
erosion module to GenRiver model, (ii) developing plausible and realistic intervention scenarios, ie.
land restoration programme, that can be implemented in the Citarum watershed based on the Focus
Group Discussions and Key Informant Interviews conducted in the Upper Citarum watershed, and
(iii) simulating the scenarios using the GenRiver model, to develop policy recommendations on
suitable land use interventions in the Upper Citarum watershed.
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Lampung, Sumatra, in a ‘Clean Development Mechanism’ context

Equipping integrated natural resource managers for healthy Agroforestry landscapes.
Agro-biodiversity and CGIAR tree and forest science: approaches and examples from Sumatra.
Improving land management in eastern and southern Africa: A review of policies.

Farm and household economic study of Kecamatan Nanggung, Kabupaten Bogor, Indonesia: A
socio-economic base line study of Agroforestry innovations and livelihood enhancement.
Lessons from eastern Africa’s unsustainable charcoal business.

Evolution of RELMA’s approaches to land management: Lessons from two decades of research

and development in eastern and southern Africa
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2007

31.
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Participatory watershed management: Lessons from RELMA’s work with farmers in eastern
Africa.

Strengthening farmers’ organizations: The experience of RELMA and ULAMP.

Promoting rainwater harvesting in eastern and southern Africa.

The role of livestock in integrated land management.

Status of carbon sequestration projects in Africa: Potential benefits and challenges to scaling
up.

Social and Environmental Trade-Offs in Tree Species Selection: A Methodology for Identifying
Niche Incompatibilities in Agroforestry [Appears as AHI Working Paper no. 9]

Managing tradeoffs in agroforestry: From conflict to collaboration in natural resource
management. [Appears as AHI Working Paper no. 10]

Essai d'analyse de la prise en compte des systemes agroforestiers pa les legislations
forestieres au Sahel: Cas du Burkina Faso, du Mali, du Niger et du Senegal.

Etat de la recherche agroforestieére au Rwanda etude bibliographique, période 1987-2003

Science and technological innovations for improving soil fertility and management in Africa: A
report for NEPAD’s Science and Technology Forum.

Compensation and rewards for environmental services.

Latin American regional workshop report compensation.

Asia regional workshop on compensation ecosystem services.

Report of African regional workshop on compensation ecosystem services.

Exploring the inter-linkages among and between compensation and rewards for ecosystem
services CRES and human well-being

Criteria and indicators for environmental service compensation and reward mechanisms:
realistic, voluntary, conditional and pro-poor

The conditions for effective mechanisms of compensation and rewards for environmental
services.

Organization and governance for fostering Pro-Poor Compensation for Environmental Services.
How important are different types of compensation and reward mechanisms shaping poverty
and ecosystem services across Africa, Asia & Latin America over the Next two decades?
Risk mitigation in contract farming: The case of poultry, cotton, woodfuel and cereals in East
Africa.

The RELMA savings and credit experiences: Sowing the seed of sustainability

Yatich J., Policy and institutional context for NRM in Kenya: Challenges and opportunities for

Landcare.
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2008
57.

58.
59.
60.
61.

62.
63.

Nina-Nina Adoung Nasional di So! Field test of rapid land tenure assessment (RATA) in the
Batang Toru Watershed, North Sumatera.

Is Hutan Tanaman Rakyat a new paradigm in community-based tree planting in Indonesia?
Socio-Economic aspects of brackish water aquaculture (Tambak) production in Nanggroe Aceh
Darrusalam.

Farmer livelihoods in the humid forest and moist savannah zones of Cameroon.

Domestication, genre et vulnérabilité : Participation des femmes, des Jeunes et des catégories
les plus pauvres a la domestication des arbres agroforestiers au Cameroun.

Land tenure and management in the districts around Mt Elgon: An assessment presented to the
Mt Elgon ecosystem conservation programme.

The production and marketing of leaf meal from fodder shrubs in Tanga, Tanzania: A pro-poor
enterprise for improving livestock productivity.

Buyers Perspective on Environmental Services (ES) and Commoditization as an approach to
liberate ES markets in the Philippines.

Towards Towards community-driven conservation in southwest China: Reconciling state and
local perceptions.

Biofuels in China: An Analysis of the Opportunities and Challenges of Jatropha curcas in
Southwest China.

Jatropha curcas biodiesel production in Kenya: Economics and potential value chain
development for smallholder farmers

Livelihoods and Forest Resources in Aceh and Nias for a Sustainable Forest Resource
Management and Economic Progress

Agroforestry on the interface of Orangutan Conservation and Sustainable Livelihoods in Batang

Toru, North Sumatra.

Assessing Hydrological Situation of Kapuas Hulu Basin, Kapuas Hulu Regency, West
Kalimantan.

Assessing the Hydrological Situation of Talau Watershed, Belu Regency, East Nusa Tenggara.
Kajian Kondisi Hidrologis DAS Talau, Kabupaten Belu, Nusa Tenggara Timur.

Kajian Kondisi Hidrologis DAS Kapuas Hulu, Kabupaten Kapuas Hulu, Kalimantan Barat.
Lessons learned from community capacity building activities to support agroforest as
sustainable economic alternatives in Batang Toru orang utan habitat conservation program
(Martini, Endri et al.)

Mainstreaming Climate Change in the Philippines.

A Conjoint Analysis of Farmer Preferences for Community Forestry Contracts in the Sumber

Jaya Watershed, Indonesia.
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The highlands: a shared water tower in a changing climate and changing Asia
Eco-Certification: Can It Deliver Conservation and Development in the Tropics.

Designing ecological and biodiversity sampling strategies. Towards mainstreaming climate
change in grassland management.

Towards mainstreaming climate change in grassland management policies and practices on
the Tibetan Plateau

An Assessment of the Potential for Carbon Finance in Rangelands

ECA Trade-offs Among Ecosystem Services in the Lake Victoria Basin.

The last remnants of mega biodiversity in West Java and Banten: an in-depth exploration of
RaTA (Rapid Land Tenure Assessment) in Mount Halimun-Salak National Park Indonesia

Le business plan d’une petite entreprise rurale de production et de commercialisation des
plants des arbres locaux. Cas de quatre pépiniéres rurales au Cameroun.

Les unités de transformation des produits forestiers non ligneux alimentaires au Cameroun.
Diagnostic technique et stratégie de développement Honoré Tabuna et Ingratia Kayitavu.

Les exportateurs camerounais de safou (Dacryodes edulis) sur le marché sous régional et
international. Profil, fonctionnement et stratégies de développement.

Impact of the Southeast Asian Network for Agroforestry Education (SEANAFE) on agroforestry
education capacity.

Setting landscape conservation targets and promoting them through compatible land use in the
Philippines.

Review of methods for researching multistrata systems.

Study on economical viability of Jafropha curcas L. plantations in Northern Tanzania assessing
farmers’ prospects via cost-benefit analysis

Cooperation in Agroforestry between Ministry of Forestry of Indonesia and International Center
for Research in Agroforestry

"China's bioenergy future. an analysis through the Lens if Yunnan Province

Land tenure and agricultural productivity in Africa: A comparative analysis of the economics
literature and recent policy strategies and reforms

Boundary organizations, objects and agents: linking knowledge with action in Agroforestry
watersheds

Reducing emissions from deforestation and forest degradation (REDD) in Indonesia: options

and challenges for fair and efficient payment distribution mechanisms

Mainstreaming climate change into agricultural education: challenges and perspectives
Challenging conventional mindsets and disconnects in conservation: the emerging role of eco-

agriculture in Kenya'’s landscape mosaics
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Lesson learned RATA garut dan bengkunat: suatu upaya membedah kebijakan pelepasan
kawasan hutan dan redistribusi tanah bekas kawasan hutan

The emergence of forest land redistribution in Indonesia

Commercial opportunities for fruit in Malawi

Status of fruit production processing and marketing in Malawi

Fraud in tree science

Trees on farm: analysis of global extent and geographical patterns of agroforestry

The springs of Nyando: water, social organization and livelihoods in Western Kenya
Building capacity toward region-wide curriculum and teaching materials development in
agroforestry education in Southeast Asia

Overview of biomass energy technology in rural Yunnan (Chinese — English abstract)

A pro-growth pathway for reducing net GHG emissions in China

Analysis of local livelihoods from past to present in the central Kalimantan Ex-Mega Rice
Project area

Constraints and options to enhancing production of high quality feeds in dairy production in

Kenya, Uganda and Rwanda

Agroforestry education in the Philippines: status report from the Southeast Asian Network for
Agroforestry Education (SEANAFE)

Economic viability of Jatropha curcas L. plantations in Northern Tanzania- assessing farmers’
prospects via cost-benefit analysis.

Hot spot of emission and confusion: land tenure insecurity, contested policies and competing
claims in the central Kalimantan Ex-Mega Rice Project area

Agroforestry competences and human resources needs in the Philippines

CES/COS/CIS paradigms for compensation and rewards to enhance environmental Services
Case study approach to region-wide curriculum and teaching materials development in
agroforestry education in Southeast Asia

Stewardship agreement to reduce emissions from deforestation and degradation (REDD):
Lubuk Beringin’s Hutan Desa as the first village forest in Indonesia

Landscape dynamics over time and space from ecological perspective

Komoditisasi atau koinvestasi jasa lingkungan: skema imbal jasa lingkungan program peduli
sungai di DAS Way Besai, Lampung, Indonesia

Improving smallholders’ rubber quality in Lubuk Beringin, Bungo district, Jambi province,
Indonesia: an initial analysis of the financial and social benefits

Rapid Carbon Stock Appraisal (RACSA) in Kalahan, Nueva Vizcaya, Philippines
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Tree domestication by ICRAF and partners in the Peruvian Amazon: lessons leamed and future prospects
in the domain of the Amazon Initiative eco-regional program

Memorias del Taller Nacional: “Iniciativas para Reducir la Deforestacion en la region Andino - Amazonica”,
09 de Abril del 2010. Proyecto REALU Peru

Percepciones sobre la Equidad y Eficiencia en la cadena de valor de REDD en Perd —Reporte de Talleres
en Ucayali, San Martin y Loreto, 2009. Proyecto REALU-Per.

Reduccién de emisiones de todos los Usos del Suelo. Reporte del Proyecto REALU Peru Fase
1

Programa Alternativas a la Tumba-y-Quema (ASB) en el Peru. Informe Resumen y Sintesis de
la Fase Il. 2da. version revisada

Estudio de las cadenas de abastecimiento de germoplasma forestal en la amazonia Boliviana
Biodiesel in the Amazon

Estudio de mercado de semillas forestales en la amazonia Colombiana

Estudio de las cadenas de abastecimiento de germoplasma forestal en Ecuador
http://dx.doi.org10.5716/WP10340.PDF

How can systems thinking, social capital and social network analysis help programs achieve
impact at scale?

Energy policies, forests and local communities in the Ucayali Region, Peruvian Amazon
NTFPs as a Source of Livelihood Diversification for Local Communities in the Batang Toru
Orangutan Conservation Program

Studi Biodiversitas: Apakah agroforestry mampu mengkonservasi keanekaragaman hayati di
DAS Konto?

Estimasi Karbon Tersimpan di Lahan-lahan Pertanian di DAS Konto, Jawa Timur
Implementasi Kaji Cepat Hidrologi (RHA) di Hulu DAS Brantas, Jawa Timur.
http://dx.doi.org/10.5716/WP10338.PDF

Kaji Cepat Hidrologi di Daerah Aliran Sungai Krueng Peusangan, NAD,Sumatra
http://dx.doi.org/10.5716/WP10337.PDF

A Study of Rapid Hydrological Appraisal in the Krueng Peusangan Watershed, NAD, Sumatra.
http://dx.doi.org/10.5716/WP10339.PDF

An Assessment of farm timber value chains in Mt Kenya area, Kenya

A Comparative financial analysis of current land use systems and implications for the adoption
of improved agroforestry in the East Usambaras, Tanzania

Agricultural monitoring and evaluation systems

Challenges and opportunities for collaborative landscape governance in the East Usambara

Mountains, Tanzania
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Transforming Knowledge to Enhance Integrated Natural Resource Management Research,
Development and Advocacy in the Highlands of Eastern Africa
http://dx.doi.org/10.5716/WP11084.PDF

Carbon-forestry projects in the Philippines: potential and challenges The Mt Kitanglad Range
forest-carbon development http://dx.doi.org10.5716/WP11054.PDF

Carbon forestry projects in the Philippines: potential and challenges. The Arakan Forest
Corridor forest-carbon project http://dx.doi.org10.5716/WP11055.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The Laguna Lake

Development Authority’s forest-carbon development project
http://dx.doi.org/10.5716/\WWP11056.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The Quirino forest-carbon

development project in Sierra Madre Biodiversity Corridor
http://dx.doi.org10.5716/WP11057.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The lkalahan Ancestral
Domain forest-carbon development http://dx.doi.org10.5716/WP11058.PDF

The Importance of Local Traditional Institutions in the Management of Natural Resources in the
Highlands of Eastern Africa http://dx.doi.org/10.5716/WP11085.PDF

Socio-economic assessment of irrigation pilot projects in Rwanda
http://dx.doi.org/10.5716/WP11086.PDF

Performance of three rambutan varieties(Nephelium lappaceum L.) on various nursery media
http://dx.doi.org/10.5716/WP11232.PDF

Climate change adaptation and social protection in agroforestry systems: enhancing adaptive

capacity and minimizing risk of drought in Zambia and Honduras
http://dx.doi.org/10.5716/WP11269.PDF

Does value chain development contribute to rural poverty reduction? Evidence of asset building
by smallholder coffee producers in Nicaragua http://dx.doi.org/10.5716/WP11271.PDF
Potential for biofuel feedstock in Kenya. http://dx.doi.org/10.5716/WP11272.PDF

Impact of fertilizer trees on maize production and food security in six districts of Malawi.
http://dx.doi.org/10.5716/WWP11281.PDF

Fortalecimiento de capacidades para la gestiéon del Santuario Nacional Pampa Hermosa:
Construyendo las bases para un manejo adaptativo para el desarrollo local. Memorias del
Proyecto. http://dx.doi.org/10.5716/\WWP12005.PDF

Understanding rural institutional strengthening: A cross-level policy and institutional framework
for sustainable development in Kenya http://dx.doi.org/10.5716/WP12012.PDF

Climate change vulnerability of agroforestry http://dx.doi.org/10.5716/WP16722.PDF
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Rapid assesment of the inner Niger delta of Mali http://dx.doi.org/10.5716/\WP12021.PDF

Designing an incentive program to reduce on-farm deforestationin the East Usambara
Mountains, Tanzania http://dx.doi.org/10.5716/WP12048.PDF

Extent of adoption of conservation agriculture and agroforestry in Africa: the case of Tanzania,
Kenya, Ghana, and Zambia http://dx.doi.org/10.5716/WP12049.PDF

Policy incentives for scaling up conservation agriculture with trees in Africa: the case of
Tanzania, Kenya, Ghana and Zambia http://dx.doi.org/10.5716/WP12050.PDF

Commaoditized or co-invested environmental services? Rewards for environmental services
scheme: River Care program Way Besai watershed, Lampung, Indonesia.
http://dx.doi.org/10.5716/WP12051.PDF

Assessment of the headwaters of the Blue Nile in Ethiopia.
http://dx.doi.org/10.5716/WP12160.PDF

Assessment of the uThukela Watershed, Kwazaulu. http://dx.doi.org/10.5716/WP12161.PDF
Assessment of the Oum Zessar Watershed of Tunisia. http://dx.doi.org/10.5716/WP12162.PDF
Assessment of the Ruwenzori Mountains in Uganda. http://dx.doi.org/10.5716/WP12163.PDF

History of agroforestry research and development in Viet Nam. Analysis of research
opportunities and gaps. http://dx.doi.org/10.5716/WP12052.PDF

REDD+ in Indonesia: a Historical Perspective. http://dx.doi.org/10.5716/WP12053.PDF
Agroforestry and Forestry in Sulawesi series: Livelihood strategies and land use system
dynamics in South Sulawesi http://dx.doi.org/10.5716/WP12054.PDF

Agroforestry and Forestry in Sulawesi series: Livelihood strategies and land use system
dynamics in Southeast Sulawesi. http://dx.doi.org/10.5716/WP12055.PDF

Agroforestry and Forestry in Sulawesi series: Profitability and land-use systems in South and
Southeast Sulawesi. http://dx.doi.org/10.5716/\WP12056.PDF

Agroforestry and Forestry in Sulawesi series: Gender, livelihoods and land in South and
Southeast Sulawesi http://dx.doi.org/10.5716/WP12057.PDF

Agroforestry and Forestry in Sulawesi series: Agroforestry extension needs at the community
level in AgFor project sites in South and Southeast Sulawesi, Indonesia.
http://dx.doi.org/10.5716/WP12058.PDF

Agroforestry and Forestry in Sulawesi series: Rapid market appraisal of agricultural, plantation

and forestry commodities in South and Southeast Sulawesi.
http://dx.doi.org/10.5716/WP12059.PDF

Diagnosis of farming systems in the Agroforestry for Livelihoods of Smallholder farmers in
Northwestern Viet Nam project http://dx.doi.org/10.5716/WP13033.PDF
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Ecosystem vulnerability to climate change: a literature review.
http://dx.doi.org/10.5716/WP13034.PDF

Local capacity for implementing payments for environmental services schemes: lessons from
the RUPES project in northeastern Viet Nam http://dx.doi.org/10.5716/\WWP13046.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Agroforestry dan Kehutanan di Sulawesi: Strategi

mata pencaharian dan dinamika sistem penggunaan lahan di Sulawesi Selatan
http://dx.doi.org/10.5716/WP13040.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Mata pencaharian dan dinamika sistem
penggunaan lahan di Sulawesi Tenggara http://dx.doi.org/10.5716/WP13041.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Profitabilitas sistem penggunaan lahan di
Sulawesi Selatan dan Sulawesi Tenggara http://dx.doi.org/10.5716/WP13042.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Gender, mata pencarian dan lahan di Sulawesi
Selatan dan Sulawesi Tenggara http://dx.doi.org/10.5716/WP13043.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Kebutuhan penyuluhan agroforestri pada tingkat

masyarakat di lokasi proyek AgFor di Sulawesi Selatan dan Tenggara, Indonesia
http://dx.doi.org/10.5716/WP13044.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Laporan hasil penilaian cepat untuk komoditas

pertanian, perkebunan dan kehutanan di Sulawesi Selatan dan Tenggara
http://dx.doi.org/10.5716/WP13045.PDF

Agroforestry, food and nutritional security http://dx.doi.org/10.5716/WP13054.PDF
Stakeholder Preferences over Rewards for Ecosystem Services: Implications for a REDD+
Benefit Distribution System in Viet Nam http://dx.doi.org/10.5716/WP13057.PDF

Payments for ecosystem services schemes: project-level insights on benefits for ecosystems
and the rural poor http://dx.doi.org/10.5716/WP13001.PDF

Good practices for smallholder teak plantations: keys to success
http://dx.doi.org/10.5716/WP13246.PDF

Market analysis of selected agroforestry products in the Vision for Change Project intervention
Zone, Céte d’'lvoire http://dx.doi.org/10.5716/WP13249.PDF

Rattan futures in Katingan: why do smallholders abandon or keep their gardens in Indonesia’s
‘rattan district'? http://dx.doi.org/10.5716/WP13251.PDF

Management along a gradient: the case of Southeast Sulawesi’s cacao production landscapes
http://dx.doi.org/10.5716/WP13265.PDF

Are trees buffering ecosystems and livelihoods in agricultural landscapes of the Lower Mekong

Basin? Consequences for climate-change adaptation. http://dx.doi.org/10.5716/\WWP14047.PDF
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194.

Agroforestry, livestock, fodder production and climate change adaptation and mitigation in East
Africa: issues and options. http://dx.doi.org/10.5716/WP14050.PDF

Trees on farms: an update and reanalysis of agroforestry’s global extent and socio-ecological
characteristics. http://dx.doi.org/10.5716/WP14064.PDF

Beyond reforestation: an assessment of Vietnham’s REDD+ readiness.
http://dx.doi.org/10.5716/WP14097.PDF

Farmer-to-farmer extension in Kenya: the perspectives of organizations using the approach.
http://dx.doi.org/10.5716/\WWP14380.PDF

Farmer-to-farmer extension in Cameroon: a survey of extension organizations.
http://dx.doi.org/10.5716/WP14383.PDF

Farmer-to-farmer extension approach in Malawi: a survey of organizations: a survey of
organizations http://dx.doi.org/10.5716/WP14391.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Kuantifikasi jasa lingkungan air dan karbon pola
agroforestri pada hutan rakyat di wilayah sungai Jeneberang

Options for Climate-Smart Agriculture at Kaptumo Site in
Kenyahttp://dx.doi.org/10.5716/WP14394.PDF

Agroforestry for Landscape Restoration and Livelihood Development in Central Asia
http://dx.doi.org/10.5716/WP14143.PDF

“Projected Climate Change and Impact on Bioclimatic Conditions in the Central and South-
Central Asia Region” http://dx.doi.org/10.5716/WP14144.PDF

Land Cover Changes, Forest Loss and Degradation in Kutai Barat, Indonesia
http://dx.doi.org/10.5716/WP14145.PDF

The Farmer-to-Farmer Extension Approach in Malawi: A Survey of Lead Farmers.
http://dx.doi.org/10.5716/WP14152.PDF

Evaluating indicators of land degradation and targeting agroforestry interventions in smallholder
farming systems in Ethiopia. http://dx.doi.org/10.5716/WP14252.PDF

Land health surveillance for identifying land constraints and targeting land management options
in smallholder farming systems in Western Cameroon

Land health surveillance in four agroecologies in Malawi

Cocoa Land Health Surveillance: an evidence-based approach to sustainable management of
cocoa landscapes in the Nawa region, South-West Cote d’lvoire
http://dx.doi.org/10.5716/WP14255.PDF

Situational analysis report: Xishuangbanna autonomous Dai Prefecture, Yunnan Province,
China. http://dx.doi.org/10.5716/WP14255.PDF
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