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Under the water stress in the recent dry years,  the farmers in the 
Upper Central Plain Basin of Thailand have adapted conjunctive water 
use to meet high demand from rice cultivation. Conjunctive water 
management is an optimal tool of groundwater pumping guideline 
under reservoir water release conditions for sustainable development. 
However, weekly conjunctive water management operation remains 
difficult practice due to the difficulties on estimations of groundwater 
pumpage and reservoir water storage due to the complex modeling 
techniques, consuming time, and survey data. 
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This study aims to apply an artificial neural network to improve the estimation of weekly 
groundwater availability under extreme climate scenarios. 

First, the weekly historical pumping pattern was calculated via monthly artificial neural 
networks through groundwater level, reservoir storage, and rainfall. 

Second, the weekly groundwater pumping of the Younger Terrace Aquifer was validated 
through groundwater modeling, obtaining the region's piezometric head. 

Third, the available groundwater was estimated based on three scenarios under sustainable 
drawdown criteria: wet year, drought year, and normal year scenarios. 

Finally, the rainfall, groundwater level, and dam storage data from three climate scenarios were 
re-trained into the artificial neural network for the weekly available groundwater pumping. As a 
result, the ANN tool could guide properly the region's available groundwater by utilizing the 
relatively surface water data, less laborious, and cost-effective. 
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Presenter
Presentation Notes
The study area comprises five basins: Lower Ping basin, Lower Yom basin, Lower Nan basin, Upper Sa-Gae-Grang basin, and Upper Chao Praya basin.  The main rivers in the study areas are the Yom and the Nan River, which flow parallel from north to south and join at Ban Gei Chai, Amphor Chumsang, Nakornsawan province. Besides, the Ping River flows from the west side and joins with the Yom and the Nan River at Amphor Paknampho, Nakornsawan province. They become the Chao Phraya River, which continuously flows to the Central PlainThe hydrogeology map and cross-section of the study area shows in figure 4 and figure 5. The aquifer systems consist of 2 unconfined aquifers: Young terrace (Qlt) and Old terrace (Qht). The young terrace varies from 50 m. MSL to – 60m MSL. The formation of the young terrace is composed of thick clay, wide sediments, and poorly sorted rock fragments. The old terrace distributes from -30m. MSL to -120m. MSL. Sand, gravel, and clay are major components of those aquifers. 
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Regional groundwater modeling

Verifed regional groundwater modeling

Evaluated flow budget and available groundwater each 
scenarios

Maximum rainfall pattern from historical (1993-2016)
Minimum rainfall pattern from historical (1993-2016)
Average rainfall pattern from historical (1993-2016)

Training ANN tool for estimation groundwater pumping 
and prediction groundwater available via monitor 

groundwater

Estimate groundwater pumping with certain criteria 
groundwater level/ Rainfall/ Dam storage
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Conceptual groundwater modeling

River recharge=conductive*(hriver-hGW)

Land recharge =recharge ratio*effective rainfall

Regional groundwater model
grid-size 2 km X 2 km. 

Weekly groundwater use=well * pump rate

Specific head boundary
No flow boundary
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Monitoring network
Monitor runoff: 15 stations

Monitor GW: 112 monitoring wells

The conductance varies 0.2 to 6.5 m2/day/m

Automatic monitoring well
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There are 15 runoff stations in the study area. The observed groundwater level was collected through 112 monitoring wells of RID in Plachompon irrigation. 
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The available groundwater pumping  was estimated in three scenarios 

The drought year (rain <1000 mm like year 2016), 

The normal year (1000< rain <1400 mm like year 2009 ),

The flood year (rain>1400 mm like year 2011 ).

The criteria is maximum available groundwater pump:

The drawdown of automatic monitor well is not below surface 20 meters. Except the Sukhothai 

station, the groundwater can not below 13meters, since the monitor station is far from the 

groundwater drawdown hotspot. When the groundwater level at Sukhothai station meet the 

drawdown 13 meters below the surface, the lowest drawdown of Sukhothai  reach to 20 meters depth.

Criteria estimation available groundwater pumping
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Modular neural network
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 The regional groundwater flow modeling was simulated base on the governing equation in the three-dimensional movement of groundwater 
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Calibration and verification GW modeling

Calibration
Verification
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Available groundwater pumping in region
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# Name Description Neurons in 
preprocess layer

Neurons in hidden  
training layer

Neurons in 
output layer R2 RMSE

1 MNN_1 Without pre-processing data 0 24 5 0.95 3.09
2 MNN_2 Pre-processing groundwater level only 24 10 5 0.95 2.06
3 MNN_3 Pre-processing rainfall only 24 10 5 0.94 3.22
4 MNN_4 Pre-processing dam storage only 24 10 5 0.93 3.4
5 MNN_5 Pre-processing all data (rainfall, GWL, dam storage) 24 24 5 0.98 2.53
6 MNN_6 Pre-processing all data plus one hidden layer 24 24/24 5 0.99 1.32
7 MNN_7 Pre-processing all data plus two hidden layers 24 24/24/24 5 0.28 4.19
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Under the sustainable groundwater drawdown criteria, the weekly available groundwater pumping was 
estimated more properly and make the monthly groundwater budget is more reliable

According to the good performance, the MNN can reliably predict the available groundwater pumping. 
Furthermore, the MNN tool could predict available groundwater using relatively fewer input data, less 
laborious, and cost-effective. Therefore, the MNN tool is a helpful guideline for the available 
groundwater in the region and may assist in the proper conjunctive management, especially in the 
crisis drought year. The accuracy of MNN tool could improve via remote sensing data. A future step 
should set up appropriate policy evaluation/allocation management models based on farmers' water 
use behavior, the existing irrigation system, the groundwater-well structures and the local groundwater 
potential. 

Province Utaradit Sukhothai Phitsanulok Khampeangphet Pichit Nakhonsawan

Available GW 
pumping monthly 2-6MCM 25-70MCM 10-54 MCM 4-11MCM 22-59MCM 28-48MCM
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