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I. 
Executive Summary 

Based on Proposal #9 of TMPEGS-Indonesia Year-3 (Y-3) Work Plan, the target in this period was the completion of the three main input components for SWAT analysis: Land Use, Soil and Slope Definition (WBS-300), and maintenance of ArcGIS 9.1 software license.  These targets were almost completed except updated of ArcGIS 9.1 license which failed to be accomplished.  Fortunately, the recent availability of open source package MapWindows-SWAT (MW-SWAT ver. 44SR), provided freely from www.waterbase.org by United Nations University (UNU), allowed the chance to complete early than expected all SWAT processing chain.  Though it only used a low resolution global input data.  SWAT-Indonesia now has the “advantage” to proceed with two options: Arc-SWAT or MW-SWAT.  Accordingly, the scenario has been adapted to two-step approach: (1) a ‘quick yield’ effort to complete SWAT chain process within Year-3 using MW-SWAT, and (2) an improved SWAT re-process in Year-4, to fine tuning the existing result with local input data (WBS-300) by applying MW-SWAT or Arc-SWAT option.  

Implementation of SWAT in Indonesia is influenced clearly by three factors: (1) the availability of SWAT software, (2) the availability of the required input components, and (3) the difficulty in relation to fragmented land use due to small holder farm size.  The last factor is due to the location of study area in Java Island which is heavily populated compares to other part of Indonesia.  In the other hand, the second factor is mainly due to the fact that no nation wide ‘standard’ watershed modeling was consciously selected and implemented systematically in Indonesia.  As the consequences, no minimum products of data or map input requirement were established.  This is the main reason why inputs in suitable format for SWAT are not readily available, even in the relatively well developed region of Indonesia like Java.  Nevertheless, adaptation of SWAT in Indonesia is considered to be a golden opportunity.  It provides a starting point to initiate systematically a ‘standard’ watershed modeling in Indonesia, initiated from Nanggung study area.
This Report updates the result of the first step (quick yield) approach, by using open source package MW-SWAT.  All SWAT processing chain was successfully completed and plotted by using low resolution global input data.  Parallel to this activity, collection of local input data (WBS-300) was completed.  Two important issues were found: (1) procedure to prepare local input which suitable to MW-SWAT format, and (2) construction of weather generator file.  The 2009 SWAT-SEA Conference will be an excellent opportunity to discuss and solve these issues.  The second step (MW-SWAT fine tuning with local input) is expected to be completed in Y-4.  If this scenario works well, SWAT will be ready to start the monitoring of the Nanggung sub-watershed coincide with scaling up stage of VAF system. 

II.        Research Strategy and Developmental Objectives 

1. Progress in achieving the milestones.

The existing progress is an important achievement for an effort to run the complete process chain of SWAT in the first attempt.  SWAT is considered as data hunger method for developing countries.  However, the availability of MW-SWAT at the second quarter of 2008 with its global data input source, had given a better chance to apply the method in developing countries, like Indonesia. 

This achievement will give a strong motivation to proceed with the next step where local input will be used to replace the global input.  Success in preparation of local input in suitable format for MW-SWAT, is another important milestone for wider MW-SWAT application in developing countries.  This exercise will be a main activity for Y-4 work plan. 
2. Indication of contribution to progress along the development impact pathway.

The progress will not only contribute to the sustainability of VAF system in the study area, but at the same time it provides a good foundation for wider application of SWAT in the country level.

Maximum effort, therefore, should be made to ensure that SWAT processing chain with local input, could be accomplished in Y-4.  The 2009 SWAT-SEA Conference will be an important consolidation forum, to help this fine tuning effort.  The target should be on procedure to prepare the suitable format of the local input, including the weather generator file. 
3. Discuss any lessons learned relevant to development goals.

SWAT modeling is not only suited for VAF system sustainability monitoring, but it could be widely utilize as a generic tool for nation wide watershed management.  This exercise, therefore, should be used as a proof of concept that SWAT could be applied nation wide, if problem on data input could be worked out. 

III. 
Research progress by objective. 

1. Progress towards completing critical Annual Work Plan tasks.
Based on Proposal #9 of TMPEGS-Indonesia Year-3 (Y-3) Work Plan, the target in this period was the completion of the three main input components for SWAT analysis: Land Use, Soil and Slope Definition (WBS-300), and maintenance of ArcGIS 9.1 software license.  These targets were almost completed except updated of ArcGIS 9.1 license which failed to be accomplished.  Fortunately, the recent availability of open source package MapWindows-SWAT (MW-SWAT ver. 44SR), provided freely from www.waterbase.org by United Nations University (UNU), allowed the chance to complete early than expected all SWAT processing chain.  Though it only used a low resolution global input data.  SWAT-Indonesia now has the “advantage” to proceed with two options: Arc-SWAT or MW-SWAT.  Accordingly, the scenario has been adapted to two-step approach: (1) a ‘quick yield’ effort to complete SWAT chain process within Year-3 using MW-SWAT, and (2) an improved SWAT re-process in Year-4, to fine tuning the result with local input data (WBS-300) by applying MW-SWAT or Arc-SWAT option.  

Despite of ArcGIS 9.1 license maintenance problem, activities for the collection of SWAT local input data were completed as scheduled.  Table 1 below provides the complete list of the available data.

	No.
	Items
	Source
	Remark

	1.
	DEM (SRTM)
	USGS
	

	2.
	QuickBird Image (PAN + XS)
	
	

	3.
	Soil Map (1:100,000)
	Dept. of Ag.
	Hard copy

	4.
	Land System Map
	Bakosurtanal
	Digital format

	5.
	ALOS/PALSAR FBD Level 1.5
	JAXA
	Land use option

	6.
	ALOS/PALSAR FBS Level 1.1
	JAXA
	Interferometric pair


Table 1.  SWAT input data 
SRTM-DEM downloaded from USGS global archive is DTED/HRTI Level-1 Category.  The Soil Maps are available in to types, land system with Great-Group soil unit, and soil map in 1:100,000 scale with Sub-Group soil unit.  This information level is considered to be compatible with SRTM-DEM.  As the consequences, the Land Use map layer should be derived at the same level of resolution (i.e. Level-III Land Cover category standard).  To address this gap, a change in research design was made (see point III.2 below). Additional 2007 acquisition of medium resolution satellite imageries were made, to be temporally compatible with already acquired 2007 QuickBird satellite image(very high resolution).

To avoid long waiting time of satellite image acquisition process due to cloud cover condition in Indonesia (as experienced in QuickBird case), imaging radar satellite was intentionally chosen.  The main advantages of this selection are: (1) no cloud problem, as radar can see through cloud, (2) acquisition time is certain, which make it easy for further replication in different area of Indonesia, (3) land use derived from radar sensor is compatible with Level-III Land Cover Class, and (4) radar sensor interferometric pair image could be used straightforward to derive new DEM with more detail (DTED/HRTI Level-3) which compatible for QuickBird application.

Three L-Band radar satellite imageries of ALOS/PALSAR were acquired freely from 2007 archive by networking with JAXA.  One image of Fine Beam Dual Polarization (FBD) at Level 1.5 is being used to derive Land Use, while two other imageries of Fine Beam Single Polarization (FBS) at Level 1.1 will be used to derive DTED/HRTI Level-3 DEM appropriate for QuickBird.
2. Changes in research design or methods, obstacles encountered, and actions taken.
Updating of ArcGIS 9.1 software license on 15 February 2008 was not work properly.  At present the software is not running well and effort is being made to mitigate the problem.

Actions taken to this obstacle were: (1) to apply MW-SWAT, the new available open source and free version of SWAT; (2) to renew again the ArcGIS 9.1 license in February 2009; or (3) to upgrade the version to ArcGIS 9.2, if budget were available.  The intention is to keep open these two SWAT options (ArcSWAT and MW-SWAT), to anticipate the risk of failure during the fine tuning process in Y-4 with local input.
Fine tuning in Y-4 is targeted to the following accuracy level of input data: DEM SRTM (DTED/HRTI Level-1), Land Use (Level-III), and Soil Map (1:100,000 scale).  Further fine tuning still be allowed in the future by using DEM derived from ALOS/PALSAR (DTED/HRTI Level-3), more detailed land use derived from QuickBird, if better soil map at series soil unit level were available.    
3. Significant research findings.
· MW-SWAT was successfully installed and completed all the process chain of SWAT, by using global input data.

· Watershed delineation step is displayed in Fig. 1(a), which consist of three sub-watersheds in the up-stream and one sub-watershed in the down-stream.

· The target sub-watershed of Nanggung is located at the left of the three up-stream sub-watersheds, as given in Fig. 1(a).

· Creation of HRUs step was completed (total 56 HRUs) and displayed in Fig. 1(b) for all of the three up-stream sub-watersheds.
· Out of these 56 HRUs, nine HRUs are located in the Nanggung sub-watershed (HRU #51 - #59) as detailed in Fig. 1(b).

· The final step of the processing chain, SWAT set up & Run, was completed successfully by using external weather generator file (LIN.WGN).

· Example of the result was displayed as plot of the relation between rain and reach outflow for sub-basin1 (Nanggung sub-watershed), as given in Fig. 1(c). 
· No further exercise was made as this phase was targeted to demonstrate that full SWAT processing chain can be accomplished by using MW-SWAT with global input data.
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	Fig. 1.    Display of all sub-watersheds where Nanggung sub-watershed at the left in the up-stream (a), HRUs of all up-stream sub-watershed (b) example of plot of SWAT result for Nanggung sub-watershed (c).


· Soil Map will be a determining factor in fine tuning process with local input, as two other input (DEM and Land Use) could be derived from satellite image.  

IV.       Degree and Non-Degree Training Activities  

One male PhD-student from Forestry expressed the interest to participate in this exercise, but withdraws with unclear reason.

Two other female MS-students are interested to apply SWAT in their research.  A short term informal training was provide as given in Form 17.
V.        Publications, Presentations, and Other SANREM CRSP Products  

A presentation was made during visit to Banda Aceh, NAD Province.  Two brochures are in progress.  Two other papers for two difference conferences are being prepared.  All are detailed in Form 18.

VI.       Networking Activities  

Networking with JAXA as Earth Observation (EO) agency was made to get medium resolution image of ALOS/PALSAR satellite.  Three images were acquired freely from the 2007 archive image.

A paper was accepted for ALOS-2008 Symposium, to be held jointly by JAXA and ESA (European Space Agency), in Rhodes Island, GREECE, 3-7 November 2008.  Presentation in this Symposium is expected to get further support of ALOS data to Nanggung sub-watershed.
Networking with National Mapping Coordination Agency (Bakosurtanal) gave the opportunity to visit Banda Aceh, NAD Province, for application of SWAT in this province with Mr. Teuku Ferijal, who is recently graduated from TAMU and will be participated in the incoming 2009 SWAT-SEA Conference.

VII.     Project Highlights  

· The main target of SWAT in Y-3 to complete the input data (WBS-300) was successfully accomplished.

· The availability of open source MW-SWAT has expedited the opportunity to complete all of SWAT processing chain by using global input data.

· TMPEGS-Indonesia, therefore, has adjusted its plan into two options for SWAT implementation: ArcSWAT and MW-SWAT.

· The present scenario is to proceed with MW-SWAT in Y-4, by fine tuning it with local input data (Second Step from the Two-Step Approach).
· The Arc-SWAT option should be kept open as a back up, in case the fine tuning with MW-SWAT was not work well.

· The license for ArcGIS 9.1 should be updated in February 2009, or if possible to upgrade it to ArcGIS 9.2 (if budget were available).

· The main issues to look after are: (1) preparation of local input data suitable to MW-SWAT format, and (2) construction of weather generator file.

· The SWAT-SEA Conference in Thailand is important milestone to discuss and solve these issues.
· The Y-4 targets for SWAT-Indonesia are: (1) MW-SWAT format of local input data, (2) construction of weather generator, and (3) option to proceed with Arc-SWAT if MW-SWAT scenario failed, and (4) SWAT is operational to start environmental monitoring of Nanggung sub-watershed.
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