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4th On Job Training - Configuring an Operational Flood Forecasting System based on the Modified Tank Model

Kuala Lumpur, Malaysia

12 July – 5 August 2010
Department of Irrigation and Drainage (DID)

Ministry of Natural Resources, Malaysia
1. Background and Overall Goal 
Flood forecasting is a non-structural measure to mitigate flood loss. By giving advance flood warnings, flood forecasting provides the following benefits:

· early evacuation of property and people so as to mitigate flood loss

· allow authorities to take contingency measures releasing water from dam, activate pumping, diversion of flows etc. to mitigate flood impact.

· allow authorities to activate emergency response plan to face flooding

In Malaysia, flood forecasting has been successfully implemented in the Kelantan and Pahang River Basins and it is intended that the service be extended to other river basins. 

The effort in flood forecasting began in the early seventies following the widespread severe flooding which affected many areas in the country in 1971.  The Department of Irrigation and Drainage was subsequently entrusted by the government to provide flood warning and forecasting services to flood prone areas in the country. This led to gradual installation of hydrological data acquisition systems involving telemetry and SCADA as a prerequisite to real-time monitoring of floods, flood warning and flood forecasting. 

Several flood forecasting models such as the Sacramento Model, the Tank Model, the Linear Perturbation Model had been configured and put into operational use and among these the Tank Model stood out as an easy to use and effective model for flood forecasting.  

The Tank model in its original form was developed by Professor Sugawara of Japan. 

What attracted DID to use the model was its simplicity of concept, simplicity in computation while achieving forecasting accuracy comparable with more sophisticated models.

There were efforts made to further enhance the Tank Model by way of changing the runoff equation of the outlets and adding an error correction module to adjust the simulated flood hydrograph so as to achieve better forecasting accuracy. Other enhancement is to use tank model in Windows environment to produce better graphical display and presentation.
2. 
On-Job-Training Progress 
2.1 
Objectives 

The on-the job training program is to enable participants to:

· gain knowledge, appreciation and experience on use of the Tank Model for flood forecasting  

· configure a flood forecasting model based on the Tank Model for a selected catchment in the participant’s country
· calibrate the Tank Model and preparing the model for operational use in the participant’s respective organization

· develop an error correction module for the Tank Model to enhance forecast accuracy
· develop expertise in writing simple macros (MS Excel) to automate model computations – a skill which can be used to customize the model and further enhance the model in the future 
3. 
Course Output 

To achieve the above mentioned objectives, participants are expected to produce the following outputs by the end of this course: 
· understanding the concept of the Tank Model in simulating flood runoff. 
· configure and calibrate a Tank Model for a river basin in the participant’s country
· develop expertise in simple programming techniques which is useful for future continual enhancement of the model which is to be expected 

4. 
Place and Duration 

  
The fourth OJT was held on 12 July until 5 August 2010 at DID office (at Water Resources Management and Hydrology Division), Kuala Lumpur, Malaysia. The programme was arranged for 20 days to cover all the modules that have been planned by the Department. 
5. 
Total Number of Participants and Candidate Countries: 

5.1 
Participation
The fourth OJT was attended by 18 participants, in which 15 of the participants are DID Engineers and the 3 other participants are the TC members. The foreign participants were from National Hydro-Meteorological Service, Ministry of Natural Resources and Environment (Ms. Nguyen Thi Thuy), Department of Meteorology and Hydrology, Water Resources and Environment Administration, Laos (Mr. Sengduanduang Phouthanoxay) and Huaihe River Commission, Ministry of Water Resources, China (Mr. Chen Hongyu).
6. 
Course Program: 


This programme consists of 11 elements arranged for the participants so that 
they could follow along the programme to achieve the objectives of the fourth 
OJT. The programme conducted in the OJT is shown in the Table 1 below.
Table 1: The OJT programme schedule
	Training
	Type
	Date
	Week
	No. of day

	Flood forecasting using the tank model
	Lecture
	12 July 2010
	1
	1

	MS Excel Macros
	Lecture
	
	
	2

	Configuring the Tank Model
	OJT
	
	
	2

	Data quality checking and processing
	OJT
	19 July 2010
	2
	2

	Catchment parameters – calibration of model (1)
	OJT
	
	
	1

	Development of Excel macros for automating model computations
	OJT
	
	2
	1

	Fine tuning model – adjustment of flood simulation to improve forecasts – calibration of model (2)
	OJT
	
	2
	1

	Site visit (MMD, SMART Control Center)
	Site Visit
	26 July 2010
	3
	4

	Lecture on telemetry and SCADA, Integrating with SCADA/Telemetry System and preparing the model for real-time flood forecasting, dissemination of flood forecast
	OJT
	30 July 2010
	3
	1

	Other models-enhancements to model – adapting model to changes and additional modules
	Lecture
	2 August 2010
	4
	3

	Reports/Discussion
	-
	5 August 2010
	4
	2

	Total No. of Days
	20


· OJT : On the Job Training

· Weekends : 17, 18,  24, 25, 31 July 2010

    1, August 2010

7. 
Tank Model Development (Output of 4th OJT)
7.1 
Description of Catchments
7.1.1 
China
The Huaihe River Basin (HRB) is situated in the east part of China. It rises of the Tongbo and Funiu Mountains in west, and faces to the Yellow Sea in east. HRB totally covers 270,000 km2 in area. The Huaihe River originates from the Tongbo Mountain of Henan province and flows through four provinces, namely Henan, Hubei, Anhui and Jiangsu. 
The Huanghe River watershed (HRW) is one of the branches of the Huaihe River Basin (Figure 1), with a drainage area of 2,400 km2, a length of 134 km was originated from the Dabie Mountains, where the highest elevation is 1900 m roughly. It was located in southwest of the Huaihe River Basin, flowed to the Huaihe River main channel at the Henan Provinces. The terrain in the south was mountains and hilly. The proportion of mountains, hills areas to the total areas were 40%, 50% respectively, the remaining part was plain, is to about 10%.
[image: image17.emf]
7.1.2 
Vietnam
Ngoi Thia river is located in Northern part of the country and it is a one of tributaries of Thao river. Ngoi Thia basin has the total catchment area of 1,652 km2. As shown in figure 2, the catchment area of each basin for each Node (location of gauging station as well) B1, B2 and B3 are 508.5 km2 346.5 km2 and 797 km2, respectively.
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Figure 2.  Vietnamese Territory and Selected river basin (Ngoi Thia)

7.1.3 
Laos


As shown in Figure 3. The selected river basin namely Nam Lik Kasi river is located in Central part of the country and it is a one of most big tributaries of Mekong river.   Nam Lik Kasi river has many tributaries that comprise the total catchment area  of  5115 km2   to Mekong river confluence and reaching to the outlet   N3  the catchment area of  each basin  for  each   Node (location of gauging station as well) B1, B2, and B3  are 1280 km2, 1256 km2, 2560     km2     respectively. 
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Figure 3.  Lao Territory and Selected river basin (Nam Lik Kasi)

7.1.4 
Malaysia


Dungun River is one of the main river in the state of Terengganu. The river flows in a roughly west to east direction before draining in the China South Sea. It is located in the east of Peninsular Malaysia. The total catchment area of Dungun River basin is about 1,533.5km2 and the length of main river is close to 114km. The tank model for Dungun River is configured until the Jerangau Bridge streamflow station which is about 60 km before the river mouth. 
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7.2 
Demarcation of Sub​-Basins and Schematization of River Basins

7.2.1 
China

Refer to the actual geographical characteristic of selected basin, hydro - meteorological station’s locations and also its data availability. The catchment from furthest boundary to outlet point at N1 has been divided into B1 sub-basins as shown above in Figure 5. 
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Figure 5: Demarcation of Huanghe river and Thiessen polygon 

Demarcation of Huanghe river and Thiessen polygon for areal rainfall data computation as mentioned earlier, there are rainfall,   and discharge data which are distributed nonuniformly from stations within the selected catchment. Therefore,  the average areal  rainfall  data for sub catchment  (B1)  are calculated by  the  Thiessen polygon method  (the result  of  Thiessen weight in Table 2). And below is a schematic diagram of river basin figure 6.
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Figure 6: Schematic diagram of study catchment

Table 2: Thiessen weight

	No.
	Rain Station
	Rain catchment covered by Thiessen Polygon

	
	
	B1

	1
	Wuchenhe
	0.128

	2
	Pohe
	0.252

	3
	Xinxian
	0.292

	4
	Shuangliushu
	0.045

	5
	Huangchuan
	0.06

	6
	Guangshan
	0.223


7.2.2 
Vietnam
Refer to the actual geographical characteristic of selected basin, hydro-meteorological station’s locations and also its data availability. The catchment from furthest boundary to outlet point at Ngoi Thia station (Node 2) has been divided into 3 sub-basins as shown below in Figure 7.
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Figure 7: Demarcation of Ngoi Thia river and Thiessen polygon for areal rainfall data computation

As mentioned earlier, there are rainfall, evaporation and discharge data which are distributed non-uniformly from stations within the selected catchment. Therefore, the average areal rainfall data for each sub catchment (B1, B2 and B3) are calculated by the Thiessen polygon method (the result of Thiessen weight in Table 3). 

And below is a schematic diagram of Ngoi Thia river basin figure 8.
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Figure 8: Schematic diagram of Ngoi Thia river basin

Table 3: Thiessen weight

	No.
	Rain Station
	Thiessen Weights

	
	
	B1
	B2
	B3

	1
	Vchan
	0.7
	0.15
	0

	2
	Bkhe
	0.2
	0.85
	0.4

	3
	Nthia
	0.1
	0
	0.6

	Catchment Area
	508.5
	346.5
	797


7.2.3 
Laos

Refer to the actual geographical   characteristic of selected basin, hydro - meteorological station’s locations and also its data availability. The catchment from furthest boundary to outlet point at N3 has been divided into 3 sub-basins as shown below in Figure 9. 
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Figure 9: Demarcation of Nam lik kasi river and Thiessen polygon for areal rainfall data

As mentioned earlier, there are rainfall,   and discharge data which are distributed nonuniformly from stations within the selected catchment. Therefore,  the average areal  rainfall  data for each sub catchment  (B1, B2, and B3 )  are c And below is a schematic diagram of nam lik kasi river basin figure calculated by  the  Thiessen polygon method  the result  of  Thiessen weight in Table 4. And below is a schematic diagram of nam lik kasi river basin figure
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Figure 10: Schematic diagram of namlik kasi river basin
Table 4: Thiessen weight

	No.
	Rain Station
	Rain catchment covered by Thiessen Polygon

	
	
	B1
	B2
	B3
	

	1
	KS
	     0.5
	0
	0
	

	2
	HH
	0
	1
	1
	

	3
	VV
	0
	0
	      0
	

	4
	PH
	0
	0
	 0
	

	 Catchment Area
	1280
	1256
	2560
	


7.2.4 
Malaysia


The catchment is divided into 5 sub-basins. There are 4 rainfall stations namely Pasir Raja, Kuala Jengai, Kg Menerong, and Jambatan Jerangau was used in the model. Only one discharge stations which is Jambatan Jerangau is used for in the model configuration and calibration. The Theissen weight is shown in table 5 below.
Table 5: Thiessen weight
	RF Station
	B1
	B2
	B3
	B4
	B5

	Pasir Raja
	0.91 
	0.57 
	0.46 
	0.00 
	0.00 

	Kuala Jengai
	0.09 
	0.43 
	0.54 
	0.95 
	0.29 

	Jam Jerangau
	0.00 
	0.00 
	0.00 
	0.00 
	0.40 

	Kg Menerong
	0.00 
	0.00 
	0.00 
	0.05 
	0.31 

	Area, km2
	496
	242
	322
	180
	294
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Figure 11: Dungu River Basins until Jerangau Bridge (N3).
7.3 
Results (Simulation and Calibration)

7.3.1 
China

The results are being illustrated in the following hydrographs and they are explained how the simulation and observation are met each other in different ways of the adjustment from both calibration and validation of daily rainfall data series in 1991 and 2006, respectively.
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The hydrograph outputs of on calibration (Data from 18th May to 26th Sep 1991):
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The hydrograph outputs on validation (Data from 5th May to 28th Sep 1992):

The hydrograph outputs on validation (Data from 12th Mar to 20th Sep 1993):
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The hydrograph outputs on validation (Data from 23th Jun to 24th Jul 1996):
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The hydrograph outputs on validation (Data from 11th May to 15th Sep 1996)
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The hydrograph outputs on validation (Data from 8th May to 26th Sep 1998)
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The hydrograph outputs on validation (Data from 3th Jun to 19th Sep 2003)
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The hydrograph outputs on validation (Data from 3th Jun to 1th Oct 2004)
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The hydrograph outputs on validation (Data from 17th Jul to 26th Sep 2005)
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7.3.2 
Vietnam

The results are being illustrated in the following hydrographs both calibration and validation of 6-hour rainfall data series in 2001 to 2007.
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The hydrograph outputs on calibration (Data from Jun to Oct 2001):

[image: image31.emf]0

500

1000

1500

2000

2500

3000

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361 381 401 421 441 461 481 501 521 541 561 581 601

0.0

100.0

200.0

300.0

400.0

500.0

Rainfall

Observed Discharge

Calculated Discharge

Observed and calculated discharge in Ngoi Thia station in 2004

The hydrograph outputs on calibration (Data from Jun to Oct 2002):
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hydrograph outputs on calibration (Data from Jun to Oct 2003):

[image: image33.emf]0

500

1000

1500

2000

2500

3000

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361 381 401 421 441 461 481 501 521 541 561 581 601

0.0

100.0

200.0

300.0

400.0

500.0

Rainfall

Observed Discharge

Calculated Discharge

Observed and calculated discharge in Ngoi Thia station in 2007

The hydrograph outputs on calibration (Data from Jun to Oct 2004):
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The hydrograph outputs on calibration (Data from Jun to Oct 2006):
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The hydrograph outputs on calibration (Data from Jun to Oct 2007):
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The hydrograph outputs on validation (Data from Jun to Oct 2005):
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The hydrograph outputs of dividing 1 subbasin (Data from Jun to Oct 2005):
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The hydrograph outputs of dividing 3 subbasin (Data from Jun to Oct 2005):

7.3.3 
Laos


The results are being illustrated in the following hydrographs and they are explained how the simulation and observation are met each other in different ways of the adjustment from both calibration and validation of daily rainfall data series in 1999 and 2006, respectively.

The hydrograph outputs of 1st Jan on calibration (Data from Jan to Dec 1999):
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The hydrograph outputs of 1st Jan on validation (Data from Jan to Dec2000):
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The hydrographs, flow loses out stream on calibration (Data from Jun to Oct 2001)
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Hydrographs, flow the loses out stream on validation (Data from Jun to Oct 2002)
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Hydrographs, flow the loses out stream on validation (Data from Jun to Oct 2003)
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Hydrographs, flow the loses out stream on validation (Data from Jun to Oct 2004)

Hydrographs, flow the loses out stream on validation (Data from Jun to Oct 2005)

Hydrographs, flow the loses out stream on validation (Data from Jun to Oct 2006)

7.3.4 
Malaysia


The results are being illustrated in the following hydrographs and they are explained how the simulation and observation are met each other in different ways of the adjustment from both calibration and validation of 6-hourly rainfall data series starting year of 2003 to 2009, respectively.
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Figure 18: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2003 to 28 Feb 2004)
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Figure 19: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2004 to 28 Feb 2005)
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Figure 20: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2005 to 28 Feb 2006)
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Figure 21: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2006 to 28 Feb 2007)
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Figure 22: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2007 to 28 Feb 2008)
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Figure 23: The simulation result for 4th OJT (6-hourly rainfall data from 1 Nov 2008 to 28 Feb 2009)
8. 
Conclusion

During the OJT, the participants not only gained knowledge of the tank model but were exposed to development of MS Excel Macros using Visual Basic for Applications (VBA). Developing the Tank model using MS Excel spreadsheet is not too difficult as most participants found out that many were able to code the programs themselves. This allows flexibility in changing the way Tank model is adopted in the various river basins. Like the previous OJT courses, the participants were able to simulate the flood events for their selected catchments successfully. For the Malaysian participants, besides being able to configure and run the Tank Model, the participants were also managed to infill the missing rainfall data from SCADA system from the existing on-line flood monitoring system. Within the OJT period, the participants also calibrated their tank model by adjusting the empirical formula for estimating parameters of the tank based on the physical parameters of the river basins. Four field trips were also arranged for the OJT participants namely a site visit to the Federal Administrative Centre at Putrajaya and three technical visits to Malaysia Meteorology Department (MMD), Klang Valley Integrated Flood Forecasting and River Monitoring Control Center (iFFRM) and Road Tunnel Project (SMART). A lecture on the introduction on SCADA telemetry system was delivered to the participants during the final week of the OJT programme.

It is interesting to mention that the 4th OJT programme has benefited not only the foreign participants but also the Malaysian participants. It is envisaged that those who have attended this training would be able to apply tank model as the operational flood forecasting model in their respective country as well as be able to impart their knowledge have gained to their colleagues. 
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Figure 4: The Dungun River Basin
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Figure 1. locationg of Huanghe river watershed








N1





N2








































































































25

