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In brief — Taiwan coastal alluvial aquifers have been intensively used for

— - several decades, resulting in groundwater depletion and land subsidence.

. This groundwater development has taken place in a weak governance
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context where administrative procedures regulating boreholes drilling and

pumplng are not enforced. Monitoring groundwater extraction has become a burning
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political issue, farmers fiercely opposing to water metering. The introduction of an
innovative smart meter, that allows real time monitoring of extraction and remote control
of irrigation, could change the situation, as it offers benefit to farmers using it. The smart
meter is associated to a communication system, a mobile application and to a global
information system.
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Introduction

In Taiwan, reservoirs and canals
capturing mountain river runoff during
the rainy season represent the
backbone of the water supply system,
both urban and agricultural. As demand
increases and precipitations become
more unreliable, the different economic
sectors increasingly tap coastal alluvial
aquifers. The Taiwan Water
Corporation, which distributes drinking
water in the entire country, uses them as
back-up resources in case of drought. Figure 1 : Electricity powered agricultural borehole used for
The National Irrigation Agency, which  paddy irrigation in Yunlin county.

managed a huge network of regional and

local irrigation canals, also tap groundwater resources to increase available resources during
the dry season. Small and large industries also meet some of their needs with cheap shallow
groundwater. Along the western coast, a flourishing fish-farming industry has developed
thanks to the availability of good quality groundwater. Finally yet importantly, hundreds of
thousands of individual farmers have drilled private wells in order to increase their cropping
intensity (several crops in a year) and to have more flexibility in terms of irrigation timing and
guantities.

Since the late 1970’s, groundwater development has happened in a relatively weak
governance context where most borehole owners have drilled without asking for (or without
obtaining) the required drilling permit and water allocation license. Borehole construction was
indirectly encouraged by public interventions in the field of economic and food security policy.
Over years, the increasing groundwater exploitation has resulted in a progressive decline in
groundwater levels, both in shallow unconfined aquifers and in deep confined multi-layer
aquifers. Declining water levels in shallow aquifers and the loss of pressure in confined aquifer
has resulted in a compaction of the alluvial sediment layers containing groundwater, resulting
in significant land subsidence. Along the western coast, cumulated land subsidence has
reached 2 meters in less than 40 years. In the Yunlin county, land subsidence rate is still
around 3 cm per year along the coast and about 7 cm/year inland.
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Figure 2 : Location of the Choshui river alluvial fan aquifer in Yunlin county (left) and land subsidence rate in
cm/year in 2016 (right)

Land subsidence has drastic socio-economic impacts, in particular in the Yunlin county. Along
the coast, large subsided areas are now prone to temporary or permanent marine submersion.
Coastal dikes had to be rehearsed to remain effective against waves during typhoon periods.
Inland, land subsidence has formed depressions where rainwater accumulate during storms,
causing inundation that provoke significant damage to buidings and crops. Huge pumping
stations had to be constructed to mitigate that problem. Last but not least, land subsidence is
affecting the high speed railway that links the capital city Taipei with Kaiohsiung in the south,
threatening the stability of this infrastructure and forcing the rail traffic to slow down.

Figure 3 : Impacts of land subsidence : permanent marine submersion of coastal subsided area (left) and damage
to the high speed railway line (right).

For all these reasons, land subsidence control is considered a national priority. Significant
resources have been allocated to research centers, universities and government agencies to
monitor the phenomenon, to understand the causes of subsidence (in particular the aquifer
layers where it mostly occurs) and to design solutions. A groundwater information system is
also progressively developed. It however fails capturing accurate information of groundwater
use as most boreholes are not declared and use not monitored (no water meters). This lack
of knowledge of the quantity of water extracted from the different aquifer layers make it
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impossible to develop groundwater models and to develop a sustainable groundwater
extraction plan.

In the Yunlin county, on which this paper focuses, the local government commissioned a local
university to conduct a sensus of borehole. Taking advantage of the fact that all wells are
electricity powered, they identified more than 160 000 agricultural borehole, a majority of which
were undeclared. The next step should have been a legalization of all these wells, but the cost
of administrative procedure and the fear that water extraction fees would be charged in the
future triggered a very strong social and political opposition, that actually slowed down the
process. The mayor who supported that policy lost the following elections mainly due to his
proactive position on the groundwater issue.

Recognizing the failure of this top down strategy, the central government sponsored a
research program that attempted to involve users in a groundwater extraction monitoring. The
proposed approach consisted in offering users the installation of a smart electricity meter
allowing to remotely control the use of the pump (start and stop) and sending to users
information on the flow rate and volume used. Remote control was a highly valuable feature
for part-time farmers who have limited time to work in their fields. The installation of the device
would save a lot of their time, as they would no longer have to travel to their fields to start and
stop their pump. Irrigating remotely is technically feasible in the case study area as all fields
(mostly rice crop) are perfectly leveled and irrigated with flood irrigation technique. The
following section describes the technical device implemented.
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Figure 4 : simplified representation of the multilayer alluvial aquifer of Choshui river.
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The distribution
of illegal wells |

Figure 5 : Distribution of the 160 000 illegal wells in Yunlin county

Technical characteristics of the innovation

= Smart pumping monitoring and control device

All wells and boreholes in the Yunlin county are connected to the electricity grid and equipped
with a traditional meter. The innovation consists of replacing the traditional electricity meter
with a Smart Pumping Monitoring and Control (SPMC) device that can be used to (i) remotely
switch on and off the pump and (ii) communicate real time information on electricity
consumption, water flow and volumes used.

Using electricity meters is considered a better technical option than water meters, as the later
frequently have problems with sand and sediment contained in groundwater (due to the nature
of the alluvial deposit), they are more expensive and they reduce the pressure delivered by
the pump — three factors that may prevent theior wide spread adoption by farmers.

The first step of the project consisted in evaluating existing SPMC devices. The significant
cost of most existing technologies lead the project team to develop a cheaper tool (~600€)
and a customized information system.

The new SPMC device communicates with a remote server via NB-loT wireless transmission.
The communication scheme adopts two modes: regular mode and event reporting. For regular
mode, 6 time intervals, including 5, 10, 15, 30, 60, and 120 minutes, can be configured. The
front-end device returns current status (on/off) and pumping information. When
communication is interrupted, the data is stored in the internal memory of the device and sent
to the server as soon as the communication is restored.

Water flow is estimated as a function of electricity consumption, based on a field calibration of
each individual pump. Furthermore, the SPMC device is certified regarding its flow measuring
capacity.

= |nformation system

The Information System is composed of the following elements:
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0) SMPC devices (playing the role of sensors) developed and installed by the
University

(i) Field controllers operated by a telecommunication company;

(iii) Cloud servers, cloud database and API services operated by the Water Resource
Agency. A mobile phone application was developed to facilitate access to the
database by users. The app is also used to start and stop pumps.

K- K-

€ KHFIE HeR1 ¢ KemE

Pt R R:
Qzsrik# O 2020 /07/ 14 | 9 11 Ll i
R AR : 07J<IFETEE7J<,%E

2020 /07/ 14 | 9 : R

2020/07/08 2020/07/08
14:30:38 14:41:04

@ KTk
KR

2020/07/14 2020/07/14
08:40:02 08:46:03

([ omast | [ & seks |

HEE 1 KHER HERERE

BAYARERS  2020-07-1409:11

FERIER 2020-07-1409:17

2020/07/13
20:00:09

KR 36000 @
& s =
01 50384 - . ) . ( : ’ FE(L{EBN IS 069
BiEre _ RO RSRS R
i < 6 |+ -] ISR w2
FafhHKE
™ 2020/07/10 [E] 2020/07/10 5 8 9 N > "
- 16:00:39 16:02:09 / E FRIG(EENFFS @
- %] # | e e g

Figure 6 : Screen shots of the smartphone application used by farmers to start and stop their pump and monitor
their water use. ® M-S. Chu.
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Figure 7 : Computer interface of the SPMC Intelligent Monitoring Management System. ® M-S. Chu.
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Users are classified into 3 categories: well owner, administrator, and platform developer.
Geographical display is based on Google map. Well owners can access real time and
historical data related to their own activity but they can’t see other farmers’ information. The
platform administrator (Water Resource Agency) has access to the entire database.
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Figure 8 : Spatial distributidﬁ_b—f wells with SPMC displayed in the SPMC monitoring management system. ® M-S.
Chu.

= Expected benefits for groundwater management
The innovation is likely to generate four main benefits:

1. The deployment of SPMC devices would allow quantifying groundwater extraction at
a fine geographical scale. This information would allow refining groundwater model
balance, but also improving the understanding of the factors determining land
subsidence.

2. Farmers equipped with the smart meter could improve irrigation efficiency by adapting
the duration of irrigation to crop water needs and by optimizing water level control in
rice fields. Energy costs could be reduced (direct financial benefit).

3. Systematic groundwater pumping monitoring would allow enforcing existing regulation,
in particular the water allocation system. If political conditions are met for enforcing
regulation, each farmer could receive a license specifying the volume he or she is
entitled to pump, this allocation being based on historical reference for instance. The
monitoring system could then be used to enforce the allocation. This would ensure
sustainable use of the resource with collective benefits in the long term.

4. Hydrogeologist also suggest that the system could be used to reduce daily fluctuations
in groundwater levels. In the current situation, such fluctuations are significant because
all farmers pump during the day and not at night. This accentuate water level
drawdown during the day. If pumping could be equally spread over 24 hours, and
uniformly spread out during the month, then groundwater level would remain more
stable and at a higher level than in the current situation. This would generate collective
benefit to all farmers, as (i) energy pumping costs would decrease; (ii) the shallower
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wells would no longer run dry when everybody is pumping simultaneously; (iii) the
impact on land subsidence would be reduced (as water level would always remain
higher in all aquifers).

Implementation of the innovation

= Co-design

Farmers were involved in the project since its inception. Interviews were first carried out,
followed by workshops with several farm groups to discuss the desired functionalities of the
SPMC device and of the information system.

Farmers were particularly interested by the remote control functionality; they also asked for
installing other sensors such as:

- acamera that could help them controlling the irrigation process;

- asoil moisture sensor, to optimize irrigation decisions for non paddy crops;

- a water level sensor for paddy fields in order to start irrigation when the field get dry
(paddy requires permanent flooding of the crop). Due to economic reasons, only
remote control was included.

Farmers only accepted testing the SPMC device after they were promised that they would not
have any legal problems with the local government, as most of their wells were not officially
declared. They also had to be reassured that the meters would not be used to charge
groundwater extraction fees.

At the end of the co-design phase, 46 farmers expressed their interest in participating in the
field trials. A total of 214 irrigation wells were evaluated and 150 wells were used for SPMC
installation in 2019. More farmers then asked for installing the SPMC decide and there are
now 600 SPMC installed in the Yunlin county.

Figure 9 : Workshops and meetings with farmers and stakeholders to co-design the Pumping Monitoring and
Control system. ® M-S. Chu.

= Upscaling

With more than 160 000 boreholes operating in the Yunlin county, there is still a long way to
go before groundwater use can be automatically monitored and controlled. The two main
barriers to upscaling this experimental approach are economic and political. Economically,
installing 160 000 SMPC would cost about € 100 million, to be renewed every ten years. The
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operation and maintenance costs would come on top. Politically, given the fierce opposition
expressed by farmers during the past elections, it is unlikely that a majority of them would
accept installing the SPMC devices, unless significant incentives (or penalty) are associated.

Things could change if the government decides to charge groundwater extraction fees and
dedicate resources to implement and enforce this unpopular policy. Fees could be charged
based on electricity meter reading (all wells being electricity powered). The decision to install
a SMPMC device would be left to farmers. The device and the service would be provided on
a private contractual basis by private companies. The government would subsidize the
installation of SPMCs, similarly to what is done with energy saving appliances. The existence
of extraction fees would significantly increase the benefits of using SPMC, as it allows
optimizing irrigation, hence reducing use and the related fees.

= Lessons learnt and implication to other regions

This Taiwanese case study shows that, as in many other places around the world,
groundwater users will not voluntary engage into pumping monitoring unless they derive direct
benefit from it. Offering the possibility to control the pump remotely has motivated farmers
joining the pilot project and it attracted others at the end of the test. The fact that SPMC allows
optimizing irrigation, hence saving energy cost, and probably extraction fees cost in the future,
may also facilitate the adoption of this innovation.

Overall, SPMC provides a new way of thinking about managing groundwater withdrawal, with
the aim of achieving a win-win situation for both government and farmers. This approach could
help appeasing the current conflict between the government who strives to understand
individual well pumping rates and farmers who seek to avoid such scrutiny.
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