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ICID AND INACID
YOGYAKARTA DECLARATION

We, the participants of the 61th ICID Asian Regional Conference, held on 14-16 October 2010 in
Yogyakarta, Indonesia .

Discussing

+ Improvement of Irrigation and Drainage Efficiently through Participatory Irrigation
Development under Small Land Holding Conditions

Considering

* that most of the foed production in the Asia region is done by smallholders and that
smallholders are amongst the poorest segments of the population;

» the conversion of irrigated lands to non-agricultural purposes, because of urbanization;
= the continuous change of farmland ownership to people from cities;

+ the increasing financial reliance on commercial and off-farm income opportunities for
smallhelders brought by urbanization;

» the gradual decline in interest of better educated young people to continue smallholder
farming;

'Y

e the rapld Increase in urban population which has changed the standard of lving requires a
significant increase in food production,

Recognizing

« the need for improved land and water productivity to improve smaliholders livellhoods and to
meet food security targets as a result of land conversion;

« irrigation and drainage efficiency must be Improved as a priority in order to improve
smallhalders’ livelihood;

* the need for off-farm income to cover smallholders’ basic needs;

= the limited financial capacity of smallholders to pay irrigation service fees or to invest in
improvement of technology;

* the need for more resilient farming practices to cope with increasing climate variabllity and
water scarcity;

» the need for better environmental management of catchments, rivers, and Irrigated areas
covered by water management and flood protection systems;
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We call upon .
& Governments to:

o Direct agriculture policies and support programs towards generation of more
sustainable off-farm employment by developing local agro-industries, provide
affordable credit systems, and access to markets;

o Facilitate the development of WUAs (Water User Associations) and WUAFs (Water
User Association Federations) towards becoming integrated water, agriculture and
eco-system managers, and make them the guartians of the environment;

o Develop a vision and facilitate the transition process from the present smallholder
systems to commercial farming entrepreneurs;

+ Knowledge Institutions to

o Analyze experiences and develop best practices and approaches for scaling up of
integrated WUA/WUAFs as water, agriculture and eco-system managers;

o Analyze experiences of other countries and develop best practices and approaches,
for managing the medium to long term transition for smallholder based farming to
commercial larger farming and agro-based enterprises;

o Develop and introduce new affordable, water efficient, climate resilient, and eco-
friendly technologies to enhance smallholder productivity and improvement of
smalfholder livelihoods;

* Agricultural services and irrigation and drainage management agencies to

o Act as service providers which effectively engage the smallholders’ WUA/WUAFs as
partners in all aspects of development and management, in a coherent and
coordinated way, especially with adaptation to urbanization, industrialization, land
conversion and climate change;

o Welcome entrepreneurial activity that increase rural participation In the value chain
and addresses the discrepancies in rural-urban livelihoods.

+ International organizations and financing institutions to

o Stimulate information exchange, research, technology transfer, and facilitate
international dialogue In the challenges of, and options for irrigators and smallholders
undertaking agriculture in rapidly urbanizing and industrializing socleties,
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TAIWAN ALWAYS ENCOURAGE
THE YOUNG PROFESSIONALS

Taiwan delegation seems to always be one of
the largest groups in every ICID conference.
"We always send a representative of more than
20 people,” said one delegate. This year in the
61st and 6th IECM ARC of ICID held in
Yogyakarta, Taiwan sent 27 participants from
various institutions, such as universities,

E;'%CSQ

regional conferences. Talwan also always
encouraged the young professionals to be
actively involved in a lot of programs, activities
and conferences.

In the 61st IECM and 6th ARC of ICID in
Yogyakarta, some delegations from Taiwan also
participated to present their papers in the
working group. One of them is Professor Hslao-
Wen Wang from National Cheng Kung
University.
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consultants, irrigation association and also the
government.

This year Taiwan showed regeneration of
approximately 20 participants because it was
the first time they follow the international and
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In organizing its participation in the
international and regional conferences, Taiwan
proved to be professional. Since a year ago even
they had prepared a book containing a list of all
participants at the conference and also selected

papers, including the abstracts. Not only that,
they also made it two versions in Chinese and
English, so it can be understood by all of the
participants.
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EXPERIMENTS ON THE INCREASE OF WATER-HOLDING CAPACITY

IN SANDY SOILS
Chang-Chi Cheng', Ming-Young Jan?, Hsiao-Jen Huang?®, Chun-E Kan*

ABSTRACT

There are sandy soils in the western coastal agricultural area in Taiwan. Hence,
how to increase the water-holding capacity has been one major issue in that area. The
objective of the study is to conduct a series of experiments by various treatments of
the soils, as well as various irrigation schemes, in order to improve the water-holding
capacity in sandy lands.

The concept of lysimeters is applied in this study for the observation of outflow
curves in order to better understand the variation of water-holding capacity. The
lysimeters used in the experiments were designed and simulated by plastic buckets
with 50 cm in top opening diameter, 40 cm in bottom diameter, and 80 cm in height.
30 liters of water was irrigated without disturbing surface soil while water depth not
exceeding 1 cm each time, and the curves of accumulated outflow vs. time were
observed and recorded. Five groups of experimentation were prepared, they are,
1)Experimental Station Group, where the sandy soil from local area was used,
2)Reservoir Sludge Group, where the sedimentation from a local reservoir (Shih-Men)
was used, 3)Single-layered AX-xxxb Group, where the bio-degradable polymer was
placed at 40-cm depth, 4)Mixed-AX-xxxb Group, where the polymer was mixed with
local soil, and 5)Mixed-Reservoir-Sludge Group, where the sedimentation from
A-Kung-Tien Reservoir was mixed with local soil.

Basically, the shifting trends of the accumulation outflow curves in each set of
experiments could be reasonably explained. Among all tests, Group 3 of Single-layered
AX-xxxb at the depth of 40-cm depth to simulate the hard-pan in field has reached
most acceptable result. However, how to place material at the certain depth in field is
another issue.

Keywords: sand, water-retention capacity, lysimeter
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I. FOREWORD

There’'re mostly sandy lands in western Taiwan, and the increase of
water-holding capacity in sandy lands has become the major issue of this area. The
increase of water-holding capacity can be reached by changing the distribution
structure of soil particles. The use of infiltration by gravity through irrigation water is
further introduced to gradually alter the soil structure, and the water-holding capacity
of sandy soil is hence expected to be raised. The concept of lysimeters is applied in
this study when water with various clay or silt content is irrigated to sandy lands, and
the outflow is observed to better understand the variation of water-holding capacities.

Desertification has been a global issue. Statistical figures of United Nations
indicate that over 100 countries and 900 million people worldwide are currently
affected by desertification. Characteristics of desertification include low land surface
coverage as well as low precipitation, and especially the low water-retention ability
has become one major problem in water-shortage areas.

Due to the improvement of irrigation techniques, sandy lands are no longer
considered as poor lands. Yet, the inherited shortcomings of low water-retention
capacity have still made them incomparable with conventional good lands. As a result,
under the conditions of low water-retention capacity, it is the intention of the study to
conduct experiments on the increase of water-retention capacity of sands. And the
Chi-Ting Experimental Station is selected for the related experiments.

Il. EXPERIMENT LAYOUT

1. Basic data
The basic data for the soil characteristics in the experimental site, e.g., specific
gravity, bulk specific gravity, void ratio, saturation water content, soil texture, and
infiltration coefficients, etc, are shown in Table 1.

Table 1 Physical properties of the soil in Chi-Ting Experimental Station

Sieve Analysis ;
] Soil texture Orga”'f,/ PH value |Remarks

sand(%) clay(%) silt(%) content(%)
95.32 2.50 2.18 sand 1.66 5.87
e . Saturation _

sgpr:\(;:glc Bu'gr;\eﬁ;'ﬂc porosity(%) | Void ratio water co\(/a\ic;“lizlir(]agn t

content(%)

2.63 1.47 44.12 0.79 29.71 1.37

2. Design of lysimeters
The experiments were conducted in Chi-Ting Experiment Station. The
lysimeters were simulated by five specially-made acrylic rectangular container with
50 cm x 50 cm in length and width, and 70 cm in height. A hole was first drilled at
the bottom for drainage as well as measurement, followed by installing a drainage
pipe, and filling with 2 cm gravels. An layer of un-woven fabric was placed before



the sand from experiment area was put on top, as shown in Figure 1.

Sand

Un-woven

Gravel layer

Drainage

Figure 1 Design of lysimeter

3. Sludge content in the irrigation water
The sludge samples from A-Kung-Tien Reservoir and Shih-Men Reservoir were
used as the source for mixing in irrigation water. The sludge was first dried,
pounded, and then sieved, before being uniformly mixed in the irrigation water. A
control experiment of plain water was also prepared.

4. Irrigation plan

It was expected that the voids could be filled with irrigation water, thus a
volume of 50 liters was needed for each irrigation practice. Basic principles for the
irrigation practice were that the surface soil was un-interrupted, the depth for
surface water was under 1 cm, and the sprayer was used for irrigation. The
irrigation frequency is based on the water content in the soil, especially the field
capacity. And after real operation, one-week was determined as the irrigation
period in the beginning, and in the following stages, irrigation was applied
according to the degree of cracking after the soil surface was dried.

5. Observation and Recording
A stop watch was used to record the discharge time in each irrigation practice,
the measurement of record interval as well as the amount of water were adjusted
according to discharge condition, and the discharge-time curve was plotted. In
addition, an electronic weighting scale connecting to a notebook computer was
used in the data collection, and the accumulated discharge-time data were
automatically recorded.

IIl. EXPERIMENTAL RESULTS AND ANALYSIS

As this was a follow-up study, five groups of experiments were conducted by
using the newly-designed transparent acrylic lysimeters. These five groups were:
1. Field Control Group: the local sandy soil was used.
2. Shih-Men Group: the sludge from Shih-Men Reservoir was mixed in the plain water



and irrigated on local sandy soil,

3. Single-layered AX-xxxb Group: a layer of 100g of AX-xxxb was placed in the depth of
40 cm to simulate the hard-pan in paddy fields,

4. Mixed AX-xxxb Group: 100g of AX-xxxb was mixed uniformly in the experimental
soils, and

5. A-Kung-Tien Group: the sludge from A-Kung-Tien Reservoir was dried, pounded,
and sieved, before being uniformly mixed with the experimental sands with the
ratio of 1 to 5 by weight.

The preparation and the process of the experiments are shown in figure 2, and
the results are described as well as analyzed as follows.

Field Control Group
g 4 N

Vgl -
. "*.'f-,l:ﬁ'..\

A-Kung-Tien Group
BT |

Single-layered AX-xxxb Group

Mixing of soil samples s Shih-Men Group

Figure 2 Preparation of the experiments

1. Field Control Group

The plain water was irrigated in the lysimeter filled with local sand from the
experimental site. Irrigation was applied in the period of one-week, or when the
amount of discharge was small enough, and was continued until the accumulated
discharge vs. time curves had reached stable, as shown in Figure 3.

Overall speaking, except in the first application of irrigation in which there was
detention effect due to the considerable void volume in the soil particles, there
were lag time before discharge, and the discharge volume had reached stable in
later experiments. There is significant difference in the accumulated discharge
curves between the first application of irrigation and later observations. In the first
application, the irrigation water is retained to fill the voids between soil particles.
Theoretically, the amount of retained water should be close to the field water



content of the experimental soil.

From observations on the later accumulated discharge curves, it is found that
there is a moving trend to the left-upper direction, as shown by the arrow in Figure
3. This phenomenon is the same as the Plain Water Group of the previous study
where all curves follow almost at the same track, and it indicates that a stable
condition is reached in considerably short time by using plain water for irrigation.
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Figure 3 Accumulated Discharge for Field Control Group

. Shih-Men Group

When the first irrigation was applied in this Group, 50 liters of the original
water from Shih-Men Reservoir with sedimentation sludge was used. However,
cracking occurred in the experiment sand layer when irrigation was first applied,
and all sludge-contained irrigation focused at specific cracked spot, which led to the
expansion of cracking spot, and a very thick concentration out-flow discharge was
observed, as shown in Figure 4. The outflow discharge became clear only when the
cracking was blocked by sludge. The explanation for this is that, the soil particles
re-organized when the water with sludge flowed through, and extra space was
released. Meanwhile, due to the high concentration of sludge in the irrigation water,
the van der Waals force was stronger to keep the surface in shape. But cracking
occurred when the force failed to withhold gravity, and the cracking extended when
irrigation water concentrated to the cracked surface(Figure 5).

. Single-layered AX-xxxb Group,

From the discharge-time curves of the results of Single-layered Group in
Figure 6, it could be observed that except during the first application of irrigation,
there was 10-liter more of irrigated water being retained owing to the effects of
AX-xxxb as compared with the Field Control Group, other applications of irrigation
were pretty much the same. It was almost confirmed that there was 100 times of



water-holding capability (l.e., 10,000g of water could be retained by 100g of
AX-xxxb) when the AX-xxxb was mixed with sandy soils. In addition, it was expected
to have even better water-holding capacity if the irrigation interval between first
and second application of irrigation could be shortened.
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Figure 4 Accumulated Discharge for Shih-Men Group

Surface cracking when irrigation is Surface cracking en irrigation is
applied (side view) applied (top view)

F ~———— . |

Gradual expansion of Surface cracking ~ High concentration of sludge in the
outflow at the beginning

Figure 5 Formation of cracked surface in Shih-Men Group
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Figure 6 Accumulated Discharge for Single-layer Group

4. Mixed AX-xxxb Group
The discharge-time curves of Mixed AX-xxxb Group were shown in Figure 7.
When the accumulated discharge curves of this Group in Figure 7 were
compared with those of Single-layer in Figure 6, some interesting phenomena could
be observed:

(1)There is a superb water-holding ability of AX-xxxb.

(2)When the hard-pan is simulated by the single-layered AX-xxxb, the results were
surprising. The curve at the beginning was similar to the Plain Water Group. But
when AX-xxxb had absorbed enough water, and had reached bonding effect, the
later part pf discharge curves almost stayed at the track of one single line, which
was very similar to normal paddy fields.

(3)From the aspect of water-holding ability, the single-layered group was far better
than the mixed group. However, when the practical application to the field is
concerned, how to put the AX-xxxb in place is one major issue.

5. A-Kung-Tien Group

The discharge-time curves of A-Kung-Tien Group were shown in Figure 8.

According to the curves in Figure 8, it could be observed that during the first
application of irrigation, the lag time for outflow discharge was delayed for nearly
one hour, while the amount of accumulated outflow discharge was obviously less
than those in other groups. The explanation for it was that the sludge from
A-Kung-Tien Reservoir had been ovened as well as pounded to powder before being
imported to the lysimeter, and the water content was nearly 0. Instead, the soils in
other groups were only air-dried, and was still containing certain amount of
moisture. As a result, there was more space in this Group for absorbing more water
during the first application of irrigation. And the following applications had longer



outflow time, and slower discharge speeds, which indicated the remarkable
improvement of water-holding capacity.
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Figure 7 Accumulated Discharge for Mixed AX-xxxb Group
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IV. CONCLUSIONS AND DISCUSSIONS

The objective of the study with series of experiments is in an attempt to
improvement the water-holding capacity on sandy soils.

Importing soils from outside is one of the major ways to improve the soil
water-holding capacity. However, the shortcomings of high cost and probable
impacts on the environment have made it difficult to promote at this moment.

The five alternatives of experiments adopted in this study are all able to improve
the water-holding capacity of sandy soils. The rankings in terms of water-holding
capabilities are: Single-layered AX-xxxb > A-Kung-Tien Group > Shih-Men Group >
Mixed AX-xxxb > Field Control Group, and there are significant difference between
the first two groups.

The AX-xxxb samples adopted in this study is a polymer product from corn, and
was developed to relieve the excessive harvest of corns. The benefits of this
polymer product include a high water absorbing ability of 300 times by volume,
and more importantly, being bio-decayable in 3-4 years.

The soil samples from various depth layers were taken before and after the
experiments, and soil texture analyses were conducted. However, there were no
evident changing trends could be observed from the data obtained. Explanations
for this could be:

(1)There were indeed no obvious changes.

(2)There were sampling errors.

(3)The accuracy of the experiments and analyses had not been met.

It is suggested that experiments of using various media materials to increase the
water-holding capacity should be continued, and further experiments of crop
plantation to better understand the effects of the alternatives on crop growth
should be followed-up.
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INVESTIGATION, ASSESSMENT AND OPERATION
MANAGEMENT OF THE REUSE OF AGRICULTURE RETURN
WATER IN TAIWAN

Chien-Pang Liu®, Wen-Hao Tesi?, Kuo-Cheng Hsien® and Fang-Tse Tao”

Abstract

Controlling the amount of total water usage and sustainable use are
major considerations for water resource management policy in Taiwan.
Following these considerations, water resource diversification usage is a
major direction for water resource development. We examine the
possibilities of irrigation water reuse, including site investigation and
evaluation for the quantity and quality of the return water, and the water
treatment technique and cost analysis. The research result could be help to
enhance the usage efficiency of the irrigation water in Taiwan.

Introduction

Controlling the amount of total water usage and sustainable use are
major considerations for water resource management policy in Taiwan.
Following these considerations, water resource diversification usage is a
major direction for water resource development.

According to recent research, the amount of return water from rice
paddies is 2.6 to 3.0 billion cubic meter per year in Taiwan, which is about
25% ~ 30% of all total irrigation water. Most of the drainage water flows
into downstream drainage systems and eventually into the sea. Owing to
the shortage of water resources in Taiwan, we have been examining ways
to collect and recycle the remaining water from the end of the irrigation
drainage. This research includes water quantity, quality, potential users,
water treatment and techniques for return water collection.
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Water quantity of agriculture return flow

1. Figure 1 shows the process of return flow from the paddy farm. The
water budget equation for the paddy farm can be described as
Ix[1+(1+S2)]+ ER = ET¢rop + DP + /AAS + O, where | denotes the irrigation
flow, O denotes the return flow, ER denotes effective rain, ETcrop

denotes evaporation, DP indicates the deep percolation, /\S indicates
the change in the amount of water stored in the pond, and S2 indicates
loss rate.

Rainfall

mgmontond + L 1 L1

,\ Evaporation
| ﬁvm

Surface drainage

tLogogonn
storage
r\ilfa A =)

T 7

-

Drainage channel

lateral drainage

Deep percolation _ Groundwater Table

Figure 1. Water balance in paddy farm

Calculation results show the average return flow from 2002 to 2007 at
about 1.82 billion cubic meters per year in Taiwan. This is separated into 15
irrigation associations as shown in Fig 2. The return water on the eastern
side is higher than on the western side of Taiwan, but it is not stable--80%
and 90% exceedence probability of return flow is almost near zero in many
irrigation areas. Many factors could influence the stability of return water,
such as hydrology, water resource of irrigation, groundwater, irrigation
methods, irrigation channel distribution, and so on; however, the major
reason influencing stability is that farmers do not get water from rivers in
non-irrigation seasons in many irrigation areas.
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Fig 2. Return water in Taiwan

Water quality of return flow

The return flow sampling plan was based on a monthly sampling of
irrigation periods in 42 sites during the crop season. The water quality
assay of the return flow included pH, conductivity, total dissolved solids,
suspended solids, biochemical oxygen demands, chemical oxygen
demands, total nitrogen, total phosphorus, turbidity, total bacteria count,
E. coli, nitrate, nitrite, TKN, alkalinity, total hardness, chloride, sodium
adsorption ratio and heavy metals. Our findings were as follows:

We found that all the agriculture return flows were slightly
contaminated by domestic sewage and animal husbandry wastewater. On
the other hand, in Nantou, Changhua, Yunlin and Pingtung, the main
contamination may have been from farmland fertilizer. In the Tainan
area, flows were slightly contaminated by industrial wastewater.

Conductivity of all the agriculture return flows complied with the
irrigation water quality standards (750 pS /cm). However, in Changhua,
Chiayi, Tainan and Kaohsiung, where we found industrial wastewater
pollution, the conductivity in the regional drainage was generally not in
compliance with the irrigation water quality standards.

Colloid materials, suspended solids and turbidity in the agriculture
return flow were higher than the effluent of secondary domestic
wastewater treatment plans (SS:10 mg/L), especially in Yunlin, Taitung
and Hualien.

Nitrogen levels in northern Taiwan, Hualien and Taitung were in
compliance with the irrigation water quality standards (3 mg/L).

The total bacteria count and E. coli concentrations were not in
compliance with any water quality standards.



Among the sampling sites, the concentration of heavy metals, such as
As, Cd, Cr, Hg, Ni and Pb, were generally lower than the method detection
limits (MDL).

Potential users of agriculture return flows

The desire for users to use agriculture return flow is the key point of
this project. It is obvious that water quality requirements are different for
different users, such as domestic water, environmental water, agriculture
irrigation and industry. Feasibility study results for different users are
shown in Table 1. We know that the feasibility is low for domestic water
and environmental water, because they are restricted by the binary water
supply system and cost. It is feasible for agriculture, and it has already been
widely used in irrigation zones. Feasibility for industry water mainly
depends on the manufacturing process. There is high potential for
reclaimed water to be used as industry cooling water because water quality
requirement is relatively low, therefore the cost for water treatment could
be more competitive.

Table 1. Feasibility for different users.

Users Evaluation Feasibility
Domestic Need binary water supply | New community is
system feasible
Environment Water quality Low

(Groundwater requirement is high

recharge)
Agriculture Widely used in irrigation High
Industry Water quality Depends on manufacture

requirement is low. It process
could be used as Industry

Cooling water

Potential industry users were interviewed about using reclaimed
agriculture return water. Their issues and concerns were as follows:

(1) Cost of reclaimed return flow.

(2) Dedicated pipelines and storage tanks are necessary for
using reclaimed return flow in the factory.

(3) Stability of the water quality and quantity.

(4) Human health risk (of the employees who utilize the return
flow)



(5) Subsidization for infrastructure.

Techniques for agriculture return flow collection

Gathering points for agriculture return flows could be located at
agricultural or multiformity drainage sites. Comparisons between
multiformity drainage and agriculture drainage are shown in Table 2.
Facilities to gather water at multiformity drainage sites could be easier than
gathering water in agriculture sites, but multiformity drainage includes
waste water from industry, city and animal husbandry, thus the water
quality is worse and more unstable.

Table2. Comparison between multiformity drainage and agriculture drainage

ltem Multiformity drainage Agriculture drainage
Quantity Concentrated Dispersed
Quality Worse Better

To reduce the complexity and uncertainty of water quality treatment
and gather water before it drains into multiformity drainages would be
better. A scenario for return water gathering is shown in Fig. 3. Water
gathers at the end of agriculture drainages before it drains into
multiformity drainage. This could control return water quality.

uncontrollable

water quality Agricultural drainage

-

i<

Controllable
good water

Natural river

(Reference : Kan CE, Chang YC, 2007)
FIG 3. Concept of water gathering techniques

Figure 4 shows the whole water supply scenario for reclaimed return
flow. In irrigation users could get water from the return water gathering



channels, and get water directly from rivers in non-irrigation seasons. This
could enhance the stability of return water supply.

Technique for agriculture return flow treatment

Current cooling water systems always loop water 3 to 6 times in
modern factories for water conservation, so that assuring the stability of
water quality, including dissolved solids (to avoid fouling or corrosion),
hardness, conductivity, organic compounds, nitrogen and phosphorus (to
avoid bacteria fouling), are very important. General speaking of numerous
the agriculture return flow, due to contaminated by domestic sewage and
animal husbandry water, the concentration of NH3, total bacteria count
and E. coli are slightly higher than water quality standards. In addition, the
suspended solids and turbidity in the majority of the agriculture return
flows are higher than the effluent of secondary domestic wastewater
treatment plants (SS:10mg/L). Therefore, in order to make the quality of
water more stable, we suggest that a coagulation — sedimentation —
aeration — sand filter — disinfection process can be applied. This is an
aeration process that degrades NH3 through “air stripping” in the alkaline
state. Noticeably, if the conductivity, TDS or

. . Externally Discharge
Irrigation season sewage is strictly prohibited

A

'»

Paddy
fields

NS

Cut-off ditch
Natural river

Non-irrigation season

Demand for Demand for water
raw water of good quality

Industrial area

(Reference: Kan CE , Chang YC,2007)

Figure 4. Return water supply system



hardness cannot achieve regulatory compliance, then reverse osmosis will
be required for desalination.

In setting up water softening or purified water systems for most
manufacturers in Taiwan, the influence of water quality is always set to
achieve at least “tap water quality standards” or local tap water standards.
Therefore, to investigate agriculture return flow reuse for industrial use,
“tap water quality standards” was used as a benchmark in this research.
The criteria for settling the treatment unit based on water quality standards
is shown as Table 4. For evaluating the cost, herein, we only consider the
treatment cost (land construction, equipment, and operation/maintenance),
which is about NT$7.5~15/ton.

Table 4. Process unit requirement analysis

Process Unit Water quality standards (tap water quality standards )
Equalization tank |Equalization tank is required for all cases.
Coagulation - Turbidity > 2 NTU, “Coagulation—Sedimentation” Process is
Sedimentation required.
Aeration NHs > 0.5 mg/L, the aeration is required.
Sand filter Turbidity > 2 NTU, the “sand filter” is required.
Disinfection E. coli > 6 CFU/100mL, “disinfection” is required.

(RO) required.

Reverse Osmosis  |When TDS > 800 mg/L or hardness > 400 mg/L, the “RO”is

Sludge Treatment |Sludge treatment is required for all cases.

Conclusion

Irrigation water reuse planning needs to consider more factors,
including total irrigation return amount, distribution of irrigation drainages,
land use, the stability of quantity and quality of return water, and the
demand for water users . Our study,shows that irrigation water reuse is
feasible through engineering techniques and it is also feasible economically
in some irrigation areas as long as is an efficient water management plan
for irrigation water usage.
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STUDY ON CLIMATE CHANGE ADAPTATION STRATEGIES FOR
IRRIGATION AFFAIRS IN TAIWAN

Ming-Hua Tsail, Wei-Taw Linz, Gwo-Hsing yu?

Abstract

Climate change has caught more and more attention around the world.
With the increase in the intensity and frequency of extreme climate events, more
catastrophic damage may impact on various water consumers. Accordingly,
agriculture, the major consumer of water resource, is predicted to be struck
more severely than the other sectors, indicating the importance of agricultural
water resource management. However, precipitation in Taiwan is characterized
by uneven distribution both spatially and temporally. This feature is predicted to
be more significant in the future according to the trend of climate change.
Therefore, more comprehensive and provident plans for Irrigation Associations
are desired to sustain agriculture from the impacts of climate change.

This study analyzed strategies adopted by other countries and considered
in the cropping patterns and environment in Taiwan. Except present adaptation
strategies, management should be effectively executed as precaution. Thus, four
constructive suggestions were made in this study: 1) improving water use
efficiency. 2) Establishing flexible agricultural water allocation mechanisms. 3)
Utilizing multiple functions of paddy field. 4) Constructing an early-warning
system. With adequate management, the impact of climate change could be
diminished. Meanwhile, non-agriculture sectors could be assisted by Irrigation
Associations to deal with the threat and opportunity of climate change, building a
sustainable future together.

Keywords: Climate change, irrigation, strategy, small land holder
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Introduction

In its 4™ Evaluation Report, the UN Intergovernmental Panel on Climate
Change (IPCC) stated that climate change will increasingly worsen the water
resources and food security around the world (IPCC, 2007). As the largest
consumer of global water resources (around 70%), the world agriculture has been
profoundly impacted in particular. With continuing growth of world water
consumption on a larger scale (UNEP, 2002), food consumption in each country
was predicted to an increment of 9% on average by 2030 (FAO, 2002), and to be
compounded by the fact that reduction in food production in major food
production countries due to various causes in recent years (IFPRI, 2009),
therefore the world food supply would be critically influenced. Thus, many
countries nowadays are attempting to ensure food supply self-sufficiency for
reason of food security. In this regard, keeping of sufficient water supply rates
becomes the most key policy for water resources. Since Taiwan is located in the
Asian monsoon region suitable for paddy rice growing with an annual total
rainfall highly exceeding irrigation water requirements for paddy, should flexible
farming systems and efficient water uses be appropriately practiced and if there
are no competitive water uses of other purposes, the water for paddy rice
irrigation in this country will be free from insufficiency. Moreover, from the point
of view of efficient uses of land and water resources, the paddy fields usually can
sufficiently utilize rainfalls not only beneficial to bumper rice production but also
helpful to ecological environment in paddy-growing regions including Taiwan in
adaptation to climate change. The latter benefits have had substantial effects to
related sectors of this country in taking actions for adaptation to the climate
change.

Especially in Asia, due to the increasing frequency of occurrences of
droughts and other extreme weather events caused by climate change, the
availability of water resources will be more unstable. As a result, crop physiology
will be impacted by temperature rise as to raise the growing demand of water for
agriculture production. For instance, in mid-latitude China, irrigation water
demand will be further increased by 6% to 10% for every degree Celsius of the
temperature rise (Qin, 2002). Likewise, if Japan expects to maintain current food
output, it will need to increase irrigation water by 5% to meet the increment of
evaporation (+20%) due to warming temperature (WRD, MoLIT, 2008). Given the
situation of limited water resources during dry season in Asia, the issues of
assurance of food security while coping with the competitions from industrial
and domestic water uses as well as the climate change become imperative and
pressing matters of concern, especially for the countries including Taiwan using
significant amounts of water for agriculture.

I. Impact of climate change on agricultural water resources in
Taiwan



1. Water resources in Taiwan

The rainfall in Taiwan averages about 2,500mm per year, which is 2.5 times
the world average. However, being a densely populated small island with vast
steep hillsides, the water share per capita in Taiwan (4,074m>/year) is just one
fifth of the global average, ranked as the 18" among the most water-deficiency
countries. Moreover, it is very difficult for Taiwan to store water for irrigation use,
of which about 70 % is drawn from rivers and to allocate and distribute water
resources which are attributable to the factors of (1) uneven temporal and spatial
distribution of water and (2) distinctive dry and wet seasons (WRA, MOEA, 2005).
From observation of the tendency of current climate change, although the total
annual rainfalls have not changed drastically in Taiwan, its distribution patterns
over the years shows a tendency of more frequent drought and flood events
(Figure 1).

19 years 18 vears B years Tyears 2 years
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Rainfall {mm) |, \ 30 1.605 I.f\45 1.572
= =
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17 years 13 years 13 years

Figure 1. Trend of increasing droughts and floods in Taiwan based on observed average
annual rainfalls.
(Source: Water Resources Management and Policy Research Center, Taiwan, 2009)

Consequently the rainfall patterns appear to be by and by difficult to meet
the water requirements for the existing farming systems, particularly for the
transplanting and growing stages of the first rice-crop periods usually in the dry
season (Figure 2).

As a result, for the irrigation associations such as the Hsinchu lIrrigation
Association (IA), which have not any reservoir to store rainfalls in summer season,
the adequacy of water supply in their service areas will decrease in dry season
(Figure 3).
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Figure 2. Average monthly rainfalls and irrigation water in Taiwan
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On the other hand, for the IAs like the Shihmen IA, which depend mainly
on reservoir water supply, the inflow patterns to the reservoirs originally built
for storing water in wet season have changed (Figure 4) and the storage
capacities of the reservoirs are menaced by increasingly serious sedimentation
due to the climate change. Furthermore, within the service areas of some IAs
there have been developed industrial parks and hence have been inhabited with
dense population, therefore huge volumes of water have been consumed and
suspensions of irrigation thus often happened in recent years. These cases have
evidenced that, with or without reservoirs, the water sources of IAs in Taiwan
have been influenced by climate change. This notable fact indicates that positive
planning of suitable strategies for adaptation as well as mitigation of climate
change has to be conducted by Taiwan’s agricultural water resources related
agencies to ensure adequate water supply in the future.
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Figure 4. Comparison of the monthly inflow patterns of Shihmen Reservoir,
Taoyuan, Taiwan during periods of 1916~1954 & 1955~2006.

( s.e.=standard error)
(Analyzed by Water Resources Management and Policy Research Center, Taiwan)

2. The impact of climate change on agriculture in Taiwan
The scope of impacts of climate change on the agricultural water resources
in Taiwan may cover three aspects: water quality, water quantity and

hydropattern.



(1) Water quality

Stream flows during the dry season will become much lower,
which will lead to reduction of self-cleaning and pollutants-carrying
capacity. As the pollutant concentration increases, safety of irrigation
water will be degraded severely as to cause decrease of available water
for irrigation. It has been found that, from review of the monitored data,
unqualified irrigation water has mainly existed in western Taiwan region
where insufficient water sources often occur during dry seasons,
especially from January to February (Figure 5). Moreover, man-made
water pollutions have further exerted impacts on agricultural water
qguality. Consequently the water at many intakes and in canals cannot
well meet the irrigation water quality standards in dry seasons.
Although they may be diluted by using the clean water from other
sources, the water pollution problems will be more critical once the
severe drought comes.
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Figure 5. Unqualified rate of irrigation water in Taiwan, 2009

(Analyzed by Water Resources Management and Policy Research Center, Taiwan)



(2) Water quantity

Taiwan has experienced a temperature increment of 0.8°C over
the past century. It is noticeable that the annual average temperature
has increased for the last 8 consecutive years, which was 0.1°C higher
than the global averaged increment of temperature (CWB, R.0.C, 2009).
The paddy rice may thus grow faster and shorten its total growth period,
but as the solar radiation increases the average total evapotranspiration
(ET) for each rice-crop period is estimated to rise by 2.1% and 6.8%
within the future 30 and 60 years, respectively (Chen et. al., 2007).
According to the Central Weather Bureau, R.0.C (1994), over the past
100 years the rainfalls in the major rice production areas in Taiwan,
notably in the southern region, has decreased by 10 to 34 mm every ten
years. This phenomenon suggests that, if the current rice-growing area
is to be sustained, the irrigation water supply will be further increased.

(3) Hydropattern

The increase of temperature due to climate change will lead to
acceleration of hydrologic cycles, which will cause more uneven
temporal and spatial distributions of rainfalls. In consequence, higher
intensity rainfalls and more frequent severe droughts will occur. Over
the past century, besides the rising temperature phenomenon, the
humidity and rainfall have gradually decreased and extreme weather
intensities have become more severe across Taiwan (CWB, R.0.C, 2009).
These changes have induced alteration of inflow patterns to and
reduction of capacities of the reservoirs in Taiwan, which has made the
IAs depending on reservoir water supply more difficult to carry out
existing irrigation requirement schemes (Figure 4). Meanwhile, in the
last 100 years the typhoons striking Taiwan were also more frequent,
increasing by 0.1 - 0.3 occurrence every ten years (CWB, R.0.C, 2009).
Moreover, the rainfall intensities and amounts induced by these
typhoons were also increasing. For instance, when Typhoon Morakot hit
Taiwan in 2009, the cumulative rainfalls in the southern region reached
2,800 mm in only two days. The heavy rainfalls led to a loss of around
NTS 1.502 billion in total, in addition to the triggering of severe land
sliding as well as erosion of hilly slopes that eventually caused heavy
siltation in the southern Zengwen Reservoir, the largest reservoir in
Taiwan. The total volume of siltation in the reservoir exceeded 90
million cu. m, which reduced the reservoir capacity by one sixth, and
thus adversely influenced the supplements to agricultural water use
(statistics from WRA, MOEA).

The extreme weather also causes higher frequencies of drought
events which often lead to water shortages of domestic and industrial



water supply, and hence needs of shifts of agricultural water to
supplement the deficits of those demands. For instance, the irrigation
was ever stopped in order to shift its water to supplement the domestic
and industrial water demands in five years between 2002 and 2010
(statistics from the COA). Statistics of drought events occurring from
1982 to 2009 provided by the IAs revealed that during the past 10 years,
the numbers of years that rice crop suffered from droughts and water
shortages were 4 as compared to 2.9 during 1992 ~ 2001. Consequently,
those IAs that depend on run-of-river sources have been facing
mounting difficulties in drawing water for irrigation due to worsening
erratic river flows.

Il. Adaptation strategies for agricultural water in various countries
for coping with climate change

Climate change has influenced countries across the world. Regardless of
their differences in geographic conditions and or industrial situations, they have
formulated adaptation strategies to cope with their agricultural water resources
problems. These strategies may be categorized in the following six directions: (1)
investment in irrigation infrastructure, (2) upgrading of water resource utilization
systems, (3) development of water-save technologies, (4) strengthening of early
warning and countermeasure systems, (5) adjustment of farming patterns, and (6)
improvement of crop varieties (Table 1).

Table 1. Categories of contemporary national adaptation strategies for
agricultural water resources in the world

Strategy Program

e Improvement of irrigation infrastructure through judicious
development and optimized layout of water resources.

. (China)
Investment in . I T
e Effective utilization of existing irrigation facilities to ensure
irrigation the essential water supply capacities. (Japan)
e Upgrading of the management and maintenance of existing
infrastructure water resources supply systems, and building of dams for

irrigation. (NAPAs)
e Promotion of construction of farm ponds and other water
storage facilities. (India)

Complement e Redistribution of water rights. (Japan)

o Strict management and adjustment of existing water uses in
to the water the event of abnormal water shortage.. (Japan)
resource e Saving of 10% to 15% irrigation water quantities by pricing

the irrigation water. (Israel)



application

system.

e Distribution of water resources in equitable amounts during
droughts. (United Kingdom)

e Stipulation of the methods for levying the charges of
agricultural water resources and discharge of waste water
into irrigation canals. (Germany)

e Establishment of mechanism for allocation of and
compensation to the agricultural water shifted to industrial
use during droughts. (Germany)

e Stipulation of specifications and policies for management of
water rights. (Germany)

e Scheduling of national water saving periods, and with
authority’s stipulations that all irrigation water use
guantities should meet government’ criteria; such as in
certain areas are only permitted to be irrigated at night
during the designated period. (France)

Strengthening
of the early
warning and
response

system

e Conduction of long-term research of and assistance to
decision makers in identification & clarification of the
impacts of climate change on agriculture and industries, and
ratios of impacts & uncertainty. (United Kingdom)

e Assessment of the damage in agricultural sector in terms of
monetary values. (United Kingdom)

eldentification of high-risk areas of water shortage by means
of assessment of their vulnerability, and then execution/
improvement of adaptation strategies. (Japan)

e Assessment of the vulnerability of regions as well as
agriculture and impact of extreme climate on agricultural
production, thereby effectively integrating related factors
including climate change impact, risk management, water
resources and irrigation facilities for development of tools
for decision-making. (Australia)

e Implementation of monitoring programs for water quality
and quantity, and comprehensively planning of
management system for agricultural water uses. (NAPAs)

e Defining the priorities of various adaptation programs and
integrating the models for irrigation and agriculture, to
accommodate the anticipated impacts of climate change on
water resources and irrigation water. (UNPD)

Development
of water-save

technology

e Promotion of water-save measures in northern and
northwestern regions of China. (China)

e Extension of the ration of water saving and automatic
irrigation system facilities to a total of 90%. (Israel)

Improvement

eSelection and cultivation of drought-tolerant crop varieties.



of crop

varieties

(China)
e Improvement of crop cultivation techniques. (Japan)

eIn coping with poor harvests of cereal grains caused by high
temperature and drought in summer, agricultural
departments to formulate measures for adjustment of
farming patterns to relieve agricultural damage and loss and
hence to enhance food security. (Spain)

eImplementation of crop diversification, including introducing
of drought-tolerant crops. (NAPAs)

Adjustment of
farming

system

e Adjustment of cropping system. (China)

e Saving agricultural water uses through changes of crop
categories and farm management & operations. (United
Kingdom)

e Shifting of the crop cultivation areas and control of the
environment of husbandry sites. (Japan)

e Setup of long-term plans for the farmlands with elevations
below sea levels. (the Netherlands)

eIn the northern Europe (Scandinavia), promotion of the
agricultural management improvement projects for
adaptation to relatively longer crop growing seasons.
(European Union)

e Extension of crop rotation area. (European Union)

e Adjustment of crop growing and harvest seasons. (UNPD)

Ill. Adaptation strategies for agricultural water resources in Taiwan

To cope with the previously mentioned problems due to climate change in
Taiwan, the Council of Agriculture (COA) has issued the following agricultural
administration policies in 2009: (1) strengthening of multi-functional irrigation
infrastructure, (2) improvement of basic environment for agricultural production,
(3) full development of productive, ecologic and living functions of agricultural
water resources, (4) building up national Geographic Information System for
irrigation, (5) upgrading of irrigation management efficiencies, and (6) full uses of
the resources of IAs to develop water resources related industries. In Table 2 are
displayed various measures and emphatic adaptation strategies formulated for
agricultural water resources.
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Table 2. Major irrigation works in Taiwan & other countries in relation to
agricultural water resources adaptation strategies.

Council of Agriculture (COA), Taiwan Other Countries

|. Renovation & improvement of old irrigation ® Investment in irrigation
canals and facilities. infrastructure.

Il. Conducting integrated planning of farmland ® Investmentinirrigation
consolidation projects by taking into account infrastructure.

local industrial cultural, ecological and living

environments.

[ll. Renovation & improvement of irrigation canals ® Investment in irrigation
and farm drains in previous farmland infrastructure.

consolidated areas..

IV. Promotion of ecology-based & safety-oriented ® Investment in irrigation

irrigation infrastructure. infrastructure.
V. Promotion of upland crop irrigation and ® Develop agricultural water saving
modernization of its management, and support technology.

& guidance to the farmers for constructing

pipeline systems for upland crop irrigation.

VI. Introducing of Geographic Information System, @ Improvement of water resource
Internet and other electronic-related application system.
technologies for application to irrigation

management system.

VII. Protection of natural paddy environmentand @  Strengthening of water resources
improvement of irrigation management utilization system.

system, to increase paddy field’s functions of ® Augmentation of early warning
groundwater recharge, water retention, and

and response system.
flood mitigation.
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VIIl. Monitoring of water quality in irrigation ® Augmentation of early warning

canals & drains to ensure water quality. and response system.

IV. Recommended adaptation strategies, direction and
implementation approach for Taiwan’s agriculture

Strategy 1. Strengthening of water-saving measures for agriculture to
increase water use efficiencies.

Direction:

(1) To maintain agricultural water quality, quantity and facilities.
(2) To formulate adequate water-saving measures for irrigation.

(3) To promote agricultural water use efficiencies.
Concrete implementation approach:

a. To set policies and guidelines for agricultural water resources
in coping with climate change.

b. To strengthen water quantity observation and quality
monitoring management, and actively research and develop
effective early warning system.

c. To restrict discharging of drainage water into irrigation canals,
and gradually implement separation of irrigation systems
from drainage systems.

d. To enhance renewal and improvement of major water
drawal and conveyance and distribution works.

e. To implement comprehensive farmland consolidation
projects, and increase investment in irrigation water
allocation as well as storage facilities.

f. To continually promote water-save irrigation measures.

g. To continually extend the water-save pipeline irrigation for
upland crops.

h. To fortify research and development of the drought-tolerant
and high-yield crop varieties.

i. To assess comprehensively the potential of agricultural water
resources and set up flexible farming systems in various
areas.

12



Strategy 2. Establishment of flexible agricultural water-use system.
Direction:

(1) To manage agricultural water uses to adapt to extreme
weather conditions.

(2) To vitalize the proper use and economic utilization of
agricultural water.

(3) To establish funds for shifting of agricultural water to other
purposes.

Concrete implementation approach:

a. To set up water supply mechanism for vitalizing agricultural
water resources.

b. To study the adjustment of farming systems in the areas with
menace of high-risk water deficiency.

c. To develop irrigation management technologies for
integrated uses of subsurface and surface water.

d. To recommend to the Executive Yuan (Cabinet) on
establishment of the Fund for Implementation of Shift of
Agricultural Water to Other Purposes”.

Strategy 3. Storing water and recharging groundwater with the water
retended in paddy fields.

Direction:
(1) To utilize wisely the paddy field’s tri-functions of production,

ecology and living to relieve the climate change impacts.

(2) To fully develop the paddy field’s water storage and flood
retention functions to minimize the damage caused by
typhoons and floods.

(3) To recharge groundwater through paddy fields so as to store
water in/beneath farms.

Detailed implementation approach:
a. To speed up establishment of mechanism for evaluation of

the multi-functions of the rice agriculture.

b. To augment the productive, ecologic and living functions of
paddy fields to mitigate the impacts of climate change.

c. To extend the education and propagation to the farmers on
topics of the tri-functions of paddy fields (production,

13



ecology and living).

d. To promote the setup of demonstration plots for
groundwater recharge through and flood retention in paddy
fields, and then extend gradually the area of such practice.

Strategy 4. Review and strengthening of the operation and management of
agricultural water resources to support the early warning
system of droughts and floods

Direction:

(1) To reform and renovate the existing irrigation facilities.

(2) To review and augment the water resources management
strategies.

(3) To take appropriate countermeasures for the damage of
water intake works in the wake of floods.

Detailed implementation approach:

a. To comprehensively review the early warning and
countermeasure systems for droughts and floods, by taking
into consideration the impacts of climate change.

b. To comprehensively study the fragility of agriculture water
resources and associated facilities under impacts of climate
change, and on the effective arrangement of investments in
irrigation-related industries.

c. To formulate measures for post-disaster reconstruction of
irrigation facilities and related financial support mechanisms.

Summaries and Conclusions

The recommended adaptation strategies for Taiwan’s agriculture are as
blow: strengthening of water-saving measures, establishment of flexible
agricultural water-use system, use paddy fields as retention pools, review and

strengthening the operation and management of agricultural water resources.
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THE ESTIMATION OF WATER SUPPLY OF REGIONAL PADDY IRRIGATION

SYSTEM BY VENSIM MODEL
Hao-Lieh Huang1 Ray-Shyan wu?
ABSTRACT

This research investigated into the influence of irrigation water requirement
with the irrigation operation including channel supply, wire supply and pond supply.
Taoyuan Channel #2 Feeder in North Taiwan was selected as the study area. The
agriculture irrigation system model was established by adapting Vensim model and
the irrigation water supply data in 2008 was applied.

The simulation result showed that outflow occurred with two main parameters:
rainfall, when rainfall is big enough, outflow can be happen; otherwise is paddy ridge
changed. The rate of outflow in second crop is higher than that in first crop. The
rainfall is hard to store in fields due to typhoon or torrential rainfall and usually
happened in second crop. Adding the pond irrigation system into the agricultural
irrigation system can afford more water for paddy field and be an importance role at
water shortage stage which has no rainfall. The pond irrigation system improved
stable irrigation and saving the water from rainfall for irrigation.

INTRODUCTION AND BACKGROUND

The water balance equation is used to simulate water demand during crop
growing period. According to crop characteristic, environment of study area and local
weather data, and matching different irrigation management, irrigation system was
established. Tsai (2009) selected Taoyuan Channel #2 Feeder as the study area, and
established agriculture irrigation system model by Vensim model with irrigation
water supply data in 2008 applied. The results revealed outflow occurred due to two
main factors, one is the excess rainfall that paddy field can’t store, the other is paddy
ridge, decreasing height of paddy ridge made water outflow. Lin (2010) selected
Taoyuan Channel #2 Feeder as the study area, and established pond irrigation system
into the model by Vensim model. The result shows that closing pond irrigation
system adversely affected on growing of the crops. And the water shortage occurred
with the centralization rainfall pattern in second crop under the condition of closing

ponds.

CONCEPTS OF AGEICULTURE IRRIGATION SYSTM

The water requirement of a crop is signified by the amount of water needed to
growth and it includes water to meet both consumptive and special needs, such as
land preparation, land submergence, leaching and so on. The irrigation associations
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always estimated the water demand that assumed all fields belonged to paddy field
in its land.

As shown in Fig. 1, when rain water falls on fields, the irrigation water flows
into fields from irrigation channel. The rainfall plus irrigation water needs to satisfy
water demand. The water demand included crop evapotranspiration, outflow and
leakage. The leakage is recharged groundwater. Sometimes outflow can be reused by
downstream fields and others are drained to sea.

PADDY RICE IRRIGATION SYSTEM MODEL

Water equilibration principle

According to the water equilibration principle of the hydrologic cycle,
calculated water output subtracted from water input, which is equivalent to the
changing volume of water storage. This common water equilibration formula for
ground water and the underground water system is described in further detail below:

|-O=—— (1)
dt

Where [ is the inflow, O is the outflow, S is the field storage, and t is time.

Irrigation channel
N ¥
¥ ¥

Figure 1. The hydrologic components for crop fields

field depletion '

Analysis of the mechanisms of the paddy field water equilibration in this study,
e.g., rainfall, evapotranspiration, irrigation routing water, etc., excluding the study of
soil water content, used the paddy field as control volume (Fig. 2). The formula for

water equilibration for a specified period is shown below:
S =S, +IR +I0,+W,+P - ET,+F -DR, (2)

Where S is field storage, IR is irrigation inflow, /O is return flow from upstream,
P is rainfall water, ET is evapotranspiration, W is weir irrigation water, F is field
depletion, DR is field outflow, and i is a specified period of time. The irrigation water
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resource included weir and Taoyuan Channel #2 Feeder.

if S;>2H,; ,then DR, =S; —H; (3)
if Si <Hi ’ then DRI =0
When the field storage ( S) water reserves exceeds the water exiting field

ridges ( H ) , a field return flow volume ( DR >0 ) is observed; no outflow ( DR=0)

is observed when vice versa. The paddy field ridges refers to Kan (1996) presented
the optimal water depth in grow stages for Taiwan paddy rice. The vegetable has bad
water resistance therefore it is assumed that the height of paddy ridge is O in
vegetable field in model.

In this study, the field storage is the sum of the height of pond water ( h” ) plus

the height of field capacity ( h” ), and soil depth is assumed to be 30 cm. The soil has
its field capacity as shown in Tab. 1 (Wang & Yi, 1979).

rainfall

Crop evapotranspiratio
Ve BB
A A A A A 4 4 »

irrigation ggoﬁeép%vm
M L
I R

Filed storage | &
& e 72 7NN

BrINEE

marshy field depletion

—

Figure 2. Paddy field water balance model

Table 1. The estimation of soil moisture capacity in different soil

Percentage of dried soil
Soil type
Field capacity Wilting point
clay 36 20
Clay loam 24 15
sandy clay loam 19 10
sandy loam 12 5

Estimation of Evapotranspiration



The crop water requirement can be decided by direct measurement or
through indirect calculation. Although direct measurement can obtain an actual
water requirement, it costs more money and labor due to morphological constraints.
Instead, the indirect calculation is usually used by researches. The calculation
equation is expressed as below:

ETcore = K, X ET, (4)

ET, = K, X ET (5)

Where ETcrop is the crop water requirement, Kc is the dimensionless crop
coefficient which varies with season, approximately 0.6~1.5 (first crop) and 0.5~1.7
(second crop) for paddy rice. The ETO refers to the reference evapotranspiration of

standard crop canopy, which is pan coefficient ( Kp ) multiplied by evaporation ( ET )

The evaporation used history evaporation data which is measured by pan
evaporation. According to the growing seasons of all crops (paddy rice) (Masakazu,
1999; Chang et al., 2001), one can determine the total crop water requirement for
any period.

Estimation of field depletion
The estimation of field depletion used experience equation in designing
specification which is built by Water Resources Agency, Ministry of Economic Affairs.

The experience equation is shown below:

Where P is the field depletion, s is the percentage of clay weight, which is
under 0.005mm and / is leakage coefficient of soil. Consequently, estimation of field
depletion on different soils can be calculated, according to soil type data in irrigation
associations and result of field experiment which is proceed by Water Resources
Agency, Ministry of Economic Affairs as Tab. 2(Kan,1979). In this study, the field

depletion in model is ascertained that it is decided by field capacity as shown below:

If §=FC then DF= min(P,§ —FC) (7)

If S< FC then DF=20

FC = Soil depth ¥ Percentage of Field Capacity

Where P is the field depletion (mm/day) and FC is field capacity. The soil types

are clay, Clay loam, sandy clay loam and sandy loam with the study area of Taoyuan
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Channel #2 Feeder.

Table 2. The estimation of field depletion on different soil

Soil type Clay content ( S) |coefficient ( /) | field depletion ( mm/day )
sandy loam 14.9 1.4 11.5
Clay loam 21.9 1.6 6.85
clay 33 1.8 4.04
STUDY AREA SYSTEM

In this study, the model estimated by System Dynamics that Prof. Jay W.
Forrester and developed in 1960. The System Dynamics included information theory,
systematic theory, control theory, decision theory and computer simulation, etc. It
had a main purpose to show behavior of system dynamics changed by time. Although
it not only had forecast function, but also can reveal relationship of dynamic between
system and time. This study established water balance equation by Vinsim model to
calculated outflow, crop evapotranspiration and simulated water supply procedure of
weir. The model was built up as Fig 3.
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e <Capacity of
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Figure 3. The estimation system of outflow and crop evapotranspiration

Study Area Description

The study area is the second of 15 feeders in Taoyuan main canal, with a size of
2,765 ha, belongs to the Taoyuan Irrigation Association. There are 38 irrigation areas
and geographic positions shown in Fig 4. The study area lies in subtropical climate.
The wet season is from May to September, with dry season from October to April.
Although the mean annual rainfall is 2658 mm in Taoyuan area, about 61.9% is
concentrated in the wet season, it showed that the distribution of rainfall is very
uneven. The first season paddy rice begins in late February and ends in mid-July,
while the second season paddy rice begins in early June and ends in early November.

The soil types included clay , clay loam, sandy loam and sandy clay loam in
irrigation site of Taoyuan Irrigation Association. The percentage of soil component in

the study area are as following : rate of clay loam is 33.99%, rate of sandy loam is

28.55%, rate of clay is 19.72% and sandy clay loam is 17.75%. The soil types and area
in irrigation sites are shown in Tab. 3.




Irrigation resource

The surface irrigation water in Taoyuan Channel #2 Feeder came from
reservoirs and rivers. In this study, the reservoir irrigation water data with ten days as
the cultivation period is provided by Taoyuan Irrigation Association. The supply water
input is from feeder (i.e. the real consumed water in field) and model is assumed to
have no water conveyance loss. For the river irrigation water, there are 16 river weirs
in this irrigation model, and the water right for each weir is collected and collated by
Taoyuan Irrigation Association.

Tao-Yuan pond irrigation system is the ancestor’s intention to increase the
effective rainfall to overcome the particular climate pattern with the use of
geographicadvantage. Ponds are not all used to be agricultural irrigation now, some
ponds are used to fish culture, disuse or etc... In this study, all ponds assumed to
useable and providing irrigation water to paddy field. The pond data shows by Tab. 4.

Flow direction of outflow

The flow direction of outflow in Irrigation site of the second feeder is according
to flow direction in irrigation system of Da Ju work station, which is provided by
Taoyuan Irrigation Association to decided irrigation section and flow direction in
irrigation site.

In general, rainfall can be stored in paddy field when it the quantity is small
and paddy ridge had good height, the outflow does not occur. If the quantity of
rainfall is too big to produce pond water depth which is higher than height of paddy
ridge, the water will overflow into the neighboring fields. The flow direction of
outflow was decided by elevation of irrigation site as Fig. 5.



Figure 5. The flow direction of outflow (as arrow)

Table 3. The soil types and area in Irrigation site of the second feeder
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Irrigation site| Soil type | Area ( ha ) |Irrigationsite|  Soil type Area ( ha )
2-1 Clay loam 87.98 2-1-1 Clay loam 55.71
2-3 Clay loam 59.11 2-1-2 Clay loam 75.31
2-5 Clay loam 22.98 2-2-1 Clay loam 131.3
2-6 Clay loam 77.65 Clay loam 27.47
2-7 Clay loam 73.99 223 sandy clay loam 14.56
2-8 Clay loam 76.37 2-2-4 Clay loam 49.96
2-9 Clay loam 94.15 2-2-5 Clay loam 70.99
2-10 Clay loam 44.22 oy sandy clay loam| 104.00
2-11 Clay loam 54.79 clay 18.26
2-12 Clay loam 40.83 2-3-3 loamy sand 118.07
2-13 Clay loam 44.67 2-3-4 loamy sand 133.57
2-14 Clay loam 23.42 2-4-1 Clay loam 63.61
2-15 Clay loam 145.57 2-4-4 loamy sand 30.16
2-16 Clay loam 38.99 San Shi direct| Clay loam 71.53
2-17 Clay loam 120.95 No.14 weir | loamy sand 31.40
2-18 Clay loam 16.11 Sa run weir | loamy sand 57.21
2-19 Clay loam 100.01 ] Clay loam 18.19
2-20 Clay loam 68.02 21 direct loamy sand 75.56
2-23 clay 143.56 2-2 direct Clay loam 86.27
2-24 clay 45.65 2-3 direct Clay loam 42.94
2-26 clay 44,51

Table 4. Ponds in the study area
No. Maximum Maximum Maximum

Area(m?) water level(m) Storage(m®)
2-1 30,267 2.9 26,294
2-5 32,899 1.8 24,812
2-6 49,340 2.4 60,485
2-7 66,585 33 163,634
2-8 34,155 3.0 47,549
2-11 64,940 3.3 115,476
2-12 13,320 1.8 67,512
2-13 58,510 3.2 147,971
2-14 62,171 3.8 131,605
2-15 108,610 3.8 268,065




2-1-1 30,950 2.1 53,079
2-16 68,838 3.6 119,372
2-17 83,267 3.6 161,780
2-2-1 99,600 3.8 211,095
2-2-3 55,436 3.0 108,973
2-2-4 69,134 3.6 139,067
2-2-5 78,770 3.8 232,578
2-18 93,395 4.0 278,682
2-19 140,515 3.1 222,057
2-20 112,496 3.3 235,031
2-1-2 85,389 3.6 155,988
2-4-1 63,956 3.0 111,649
2-23 138,053 4.2 340,683
2-24 59,360 3.3 114,088
2-26 59,336 4.8 102,427
2-2-6 98,560 2.9 137,405
2-3-3 152,927 2.8 233,364
2-3-4 123,440 3.3 285,886
2-4-4 83,920 3.3 202,035

The Fig. 5 showed that Taoyuan Channel #2 Feeder divided irrigation section
into 3 parts: A section, B section and C section. In A section, the flow direction of
outflow is : 2-152-552-6 52-7-52-13-52-14-52-12-52-1552-2-1-52-16 >2-17
—2-2-3 32-2-4 5>2-2-5 52-23 52-24 ->2-2-6 —>2-26 ->No.14 weir. In B section, the
flow direction of outflow is :2-3 ©2-9 52-8 ©2-10 -2-11 -2-1-1 -2-18 -2-1-2

—=>2-4-1 -2-20 -2-19 ->San Shi direct ; In C section, the outflow flows to river




Figure 6. The priority order of irrigation

The pond irrigation system works by different elevation and transporting the
water from high elevation to low elevation. Considering the elevation, upstream
paddy field has higher priority to take irrigation water than downstream paddy field.
It is assumed that when pond irrigation system is established into agricultural
irrigation system, the flow direction of outflow is same as priority order of irrigation
in 38 irrigation sections as Fig. 6.

Crop and grow period

The simulation procedure calculates water balance daily in each irrigation area
from upstream to downstream. In the simulation, initial depth of pond water is 3 cm.
The irrigation water is independent supply except No. 9 weir which shared with many
fields and needed to consider the order of taken water.

The analytic time is from March 14™ 2008 to July 11" 2008, totally 120 days for
first crop of paddy field, and August 1% 2008 to November 28™ 2008, totally 110 days
for second crop of paddy field.

APPLICATION AND DISCUSSION

The irrigation water in model used real irrigation data and matched up
irrigation style of Taoyuan Irrigation Association. When irrigation source comes from
weir and reservoir, the simulation result is shown in Tab. 5. Most of soil type in
section C is loamy sand which has more field depletion than section A and section B.
And section C has the lowest average pond water depth.

The variation of pond water depth is shown in Fig. 7, and Fig. 8. The pond
water depth has never reached the wilting point. In second crop, rainfall is
centralized in several times and there is no rainfall at start. Therefore, the pond water
depth in Fig. 8 is low and almost reached the wilting point line at start.

The relationship between rainfall and outflow is shown in Fig. 9, and Fig. 10. It
showed that outflow occurred very often along with rainfall. As a result of reservoir
irrigation and weir irrigation that barely supplies for water demand, irrigation water
is not enough to produce outflow. Therefore, when rainfall is too big to produced
pond water depth which is higher than the height of paddy ridge, the outflow
occurred. The outflow occurred with two main parameters: rainfall, when rainfall is
big enough, outflow can be happen; otherwise is paddy ridge changed. The
simulation result showed that the rate of outflow in second crop is higher than first
crop. The rainfall is hard to store in fields due to typhoon or torrential rainfall and
usually happened in second crop.

Table 5. The simulation result without pond irrigation system

Section A B C
Crop first second first second first second
Irrigation(reservoir) 3225 386.6 276 335.3 0 0
Rainfall 808.5 919 808.5 919 808.5 919
Irrigation(weir) 221.9 202.6 47.9 42.7 1131.5| 1041.6
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Field depletion 822.3 721.9 812.3 660.7 1593.5| 1263.1
Outflow 389.1 637.1 204.4 493.2 328.6 704.9
Crop evapotranspiration| 169.3 185.4 169.3 185.4 169.3 185.4
Outflow /Rainfall 0.481 0.693 0.253 0.537 0.406 0.767
AN
N
A
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Wilting Point

Height of field saturated

Field capacity

Figure 7. The field water depth in section B (first crop)
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Figure 8. The field water depth in section B (second crop)
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Figure 9. The relationship between rainfall and outflow in section B (first crop)
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Figure 10. The relationship between rainfall and outflow in section B (second crop)

Adding the pond irrigation system into the agricultural irrigation system and
the average field water depth is shown as Fig. 11 and Fig. 13.In Fig, 13, the result
showed that the pond irrigation afforded more water for paddy field and pond water
depth in second crop is decreased more slowly than Fig.8 at beginning stage which
has no rainfall.

The variation of water level of pond storage is shown as Fig. 12 and Fig. 14.
When reservoir and weir plus the rainfall can afford the water demand, the water
level of pond storage is not decreased obvious. In beginning stage of second crop, the
water shortage is happened, and pond is needed to transport great quantity water to
paddy field. The rainfall can increase the water level of pond storage and saving the

water for next irrigation.

300
- m\\_,\/\/v ™
150 \QE-:
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Depth(mm)

(o]

1 13 25 37 49 61 73 85 97 109 121
Time (Day)
»  Field water storage
1+ Wilting Point
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1 Height of field saturated
*  Height of paddy ridge

Figure 11. The average field water depth with pond irrigation(first crop)
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Figure 12. The water level of pond storage (first crop)
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Figure 13. The average field water depth with pond irrigation(second crop)
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Figure 14. The level of pond storage (second crop)

CONCLUSIONS

This research investigated into the influence of irrigation water requirement
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with the irrigation operation including channel supply, wire supply and pond supply.
Taoyuan Channel #2 Feeder in North Taiwan was selected as the study area. The
agriculture irrigation system model was established by adapting Vensim model and
the irrigation water supply data in 2008 was applied.

The simulation result showed that outflow occurred with two main parameters:
rainfall, when rainfall is big enough, outflow can be happen; otherwise is paddy ridge
changed. The rate of outflow in second crop is higher than that in first crop. The
rainfall is hard to store in fields due to typhoon or torrential rainfall and usually
happened in second crop. Adding the pond irrigation system into the agricultural
irrigation system can afforded more water for paddy field and be an importance role
at water shortage stage which has no rainfall. The pond irrigation system improved
stable irrigation and saving the water from rainfall for irrigation.
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Abstract
Since the completion of its construction in 1837, the Tsao-Gung Canal (TGC)
has irrigated the fertile farmlands located in nowadays metropolitan Kaohsiung area.
As time goes by, many of the irrigated farmlands has been transformed into
industrial parks and residential areas. As a result the TGC irrigation area has declined
from more than 14,000 hectares to about 6,400 hectares and the Canal has been
facing the transition of irrigation function.
For pursuing the sustainable management of Tsao-Gung Canal, six professional
scholars were engaged in research of the following six aspects of concern:
1. Management and development of agriculture
2. Cultural assets and living in Tsao-Gung irrigation area
3. Contribution of the Tsao-Gung Canal to irrigation engineering and management
and its future perspective
4. Irrigation water use transfer by Kaohsiung Farm Irrigation Association

(KFIA)

5.Planning and promotion of water-friendly facilities in communities

6. Wetland parks

Afterwards, the canal operators and related people in the KFIA’s working
stations in Tsao-Gung irrigation area were gethered to explore the problems they
practically faced and their solutions based on the research results of the six aspects.
Taking “developing agriculture to be an industry with high economic value” as the
purpose, they proposed appropriate suggestions on the orientation and direction for
future development to the aforementioned working stations. Lastly, the related
professionals and scholars and local prominent people were invited to explore the
desirable ways for multifunctional uses and the strategies for future development of
TGC and to reach consensuses on these issues. And it is anticipated that KFIA, local
governments, and even central government would scheme the multifunctional uses
of Taso-Gung Canal to accommodate the changing social and environmental
situations.

Secretary General of Tsao-jiin Memorial Fundation For R & D For Agriculture And
Irrigation(Tsao-jiin Fundation), tsaojiin@ms24.hinet.net  Tel:88675885400

2 The Whole PaperIs On: http://www.kfia.gov.tw/tjrad/



Introduction

The Tsao-Gung Canal (TGC, as Figure 1-1) is located in the Kaohsiung plain in
southern Taiwan, spreading in the territories of Kaohsiung County and Kaohsiung
City — the second largest city in Taiwan. It was built in the era of China’s Qing Dynasty.
In order to commemorate the then Fengshan County Magistrate Mr Tsao Jin’s merits
of initiation of and achievement in construction of the TGC, his superior official, Mr
Xong Yi-Ben, named the canal after the magistrate’s family name as “Tsao-Gung”
(literally Master Tsao) when it was first completed construction in 1839.

The development of irrigation infrastructure in Taiwan was initiated in the era of
Koxinga’s (Zheng Chenggong ) administration of Taiwan Island, who led his army to
the island in 1661 and defeated the colonial army of the Dutch administration. During
the era of Koxinga’s administration the major irrigation facilities in Taiwan were still
mainly of small-scale farm ponds and ditches built by farmers themselves. In 1704,
the head of Xinglong village (i.e. today’s Zuoying area of Kaohsiung City), Mr Song
Yong-Qing dredged the local Lotus Lake and also constructed embankments,
diversion dams and canals staring from Jiadungkeng to the foot of Banping Hill. This
was the first irrigation engineering works proposed and supported by the local
authorities. For solving the event of irrigation water shortage in 1837, Magistrate
Tsao Jin found that farm ponds could not only retain the surplus water discharged
from canals and the rainwater but also regulate the runoffs caused by heavy rainfalls
and thus mitigate the floods in the irrigation area itself and nearby. Therefore he
adopted canals and farm ponds where appropriate to construct the TGCand diverted
the irrigation water from the Xia Danshui River (today’s Kaoping River) into it.
Originally there were only two main canals: the Old Wuli and the New Wuli for the
Tsao-Gung Canal which were completed in 1839, with their headworks located at
Jiugutang of Xiaozhushangli. Moreover, the then Lotus Lake was dredged which made
the TGC' function more effective. In 1840, an event of severe drought occurred in the
Kaohsiung plain area. All the farms except those in the service area of this so-called
Tsao-Gung Old Canal suffered from serious disaster. Tsao Jin the Magistrate then
constructed the new canal, with its engineering cost refunded by the beneficiaries in
accordance with their payment method negotiated and resolved by themselves. Such
a method was to levy the land taxes of the benefited farms. This new canal was
completed

in 1844, which is the Tsao-Gung New Canal nowadays. Both the old and new canals’
water sources were the same, namely the Kaoping River.

Since it was built over 170 years ago, the TGC ever serviced more than 14,000
hectares in the metropolitan Kaohsiung area. This irrigation canal draws water from
the Kaoping River at Jiugutang, and the canal route passes through the metropolitan
Kaohsiung area. In Kaohsiung City the Canal ever crossed three major rivers: Houjing,
Love and Qianzhen; and connected the then existing large ponds including: 1. Neiwei
Pond (now abandoned), 2. Jinshi Lake, 3. Qifan Pond 4. Yangzilin Pond, 5. Benguan
Pond (now abndoned), 6. Baozhugou Pond (now abandoned), 7. Amituo Pond (now
abndoned), 8. Tianliao Pond (now abndoned), 9. Caigung Pond (now abndoned), 10.
Caoya Pond (now abandoned), 11. Popi Lake (now abandoned),
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Figure 1-1 Tsao-Gung Irrigation System



12.Caotan Pond (today’s Kaohsiung Metropolitan Park), 13. Guanyinhu Pond
(discharged into Shilong River and then diverted into the Tsao-Gung irrigation
system), and 14. Lotus Lake (the largest of all the ponds). The Tsao-Gung irrigation
area spreads in the territories of Kaohsiung County and Kaohsiung City. Its north is
bordered by the Gangshan irrigation area and stretches along with the Houjing River
into Lingkou, its northeast neighbors with Qishan irrigation area, and its east and
southeast are bordered by the Kaoping River. Presently the total irrigation area of
TGC reduces to 6.461 hectares, with two rice crop seasons per year plus red beans
and muskmelons as the main crops grown in winter. The average annual rainfall is
about 1,700 millimeters, but unevenly distributed during the year. The rainy season is
from May through September; while the dry season from November to the next April.
The study area of this paper is the Tsao-Gung irrigation area serviced by the TGC
possessed and managed by KHIA. In the whole area seven working stations have
been established by KHIA for irrigation operation and management and maintenance
purposes. They are Jiuqu, Daliao, Fongshan, Siaogang, Zuoying, Nanzi, and Niaosong
working stations.

Six Directions for Research of Multifunction of Tsao-Gung Canal
In order that the Tsao-Gung Canal functions to support agricultural production,
ecology and living (PEL) and to diversify the utilizations of its water resources, in this
study was formulated six research directions as described respectively in the
following.

Management and Development of Agriculture

The Tsao-Gung irrigation area of TGC is plentiful with recreational and leisure
(R&L) resources and therefore is very suitable for developing R&L agriculture for
people to experience its special agricultural products, farm landscapes, rural culture,
cultural assets and ecological environments. Additionally, this kind of R&L agriculture
will also promote the further growths of related industries such as agriculture,
restaurants, home stays, cultural relic souvenir shops and transportation services,
among others.

The government at present stage is encouraging the development of domestic
R&L tourism agriculture. For example, the national Tourism Bureau has proclaimed
the “New Strategy for the Development of Tourism in the 21* Century”, the Council
for Economic Planning and Development has stipulated the “Plan for Promoting the
Development of Taiwan’s Tourism”, and the Council of Agriculture (COA) has
formulated the “Regulations for Guidance and Management of Recreational
Agriculture”. Based on the guidance regulations mentioned above, the recreational
agriculture will be able to be further developed.

There are four characteristics in the Tsao-Gung irrigation area in respect of
agricultural R&L: (1) the abundance of natural ecological resources; (2) the cultural
education related to rural historical relics and ancestral halls; (3) the agricultural
resources with respect to the economic crops such as pineapples, longans, water
caltrops, rice, sunflowers and white ginger lilies; and (4) waterwheel irrigation
systems, hiking, bicycling and crop harvesting. With the incorporation of the



aforementioned R&L activities it is possible that the Tsao-Gung Canal will be able to
be developed multi-functionally.

This research was focused on the Tsao-Gung New Canal. Its command area
together with the Old Canal’s area in Fongshan City was divided into 5 sub-areas for
planning of its R&L districts based on the basin’s upper, middle and lower stream
regions. Three tour corridors were laid out; namely, rural ecological corridor (green
line), landscape ecological corridor (red line), and historical arts corridor (brown line).
Furthermore, five R&L districts were schemed out according to townships, districts
and cities. They are: the Water Area of Tsao-Gung (Dashu Township), the Flower Area
of Tsao-Gung (Niaosong Township), the Pleasure Area of Tsao-Gung (Renwu
Township), the Forest Area of Tsao-Gung (Zuoying District), and the Historicity Area
of Tsao-Gung (Fongshan City).

In sum, based on the application of the concept of PEL (agricultural production,
ecology and life), the five R&L districts proposed are summarized in Table 2-1:

Table 2-1 Tsao-Gung Canal area development with concepts of agricultural
production, ecology and living

PEL Production Ecology Living

Districts

Dashu Township

Niaosong Township

Renwu Township

SN NS

Zuoying District

Fongshan City v

2-1 .Cultural Assets and Living in Tsao-Gung Irrigation Area

In this research it was tried to investigate and examine the cultural features
under the TGC area’s cultures viewed from the veins of its development. Based on
the research results, the Tsao-Gung Canal system may be divided into: (1) “district of
water source from the Kaoping River” in Meinung and Qishan Townships; (2) “district
of water intake of the Tsao-Gung Canal” in Dashu, Daliau and Linyuan Townships; and
(3) “Tsao-Gung irrigation district” in Fongshan City, Niaosong Township, and Zuoying
and Nanzi Districts. The demarcations of featured cultural districts in the TGC system
area are as shown in Figure 2-1.

(1) The district of water source from the Kaoping River (Meinung and Qishan
Townships)



(2) The district of water intake of Tsao-Gung Canal (Dashu, Daliau and Linyuan
Townships)

(3) Tsao-Gung Canal irrigation district (Fongshan City, Niaosong Township, and
Zuoying and Nanzi Districts)

2-3.Contribution of the Tsao-Gung Canal to Irrigation Engineering and
Management and its Future Perspective

In response to the social changes such as the drastically decreasing farmlands
which has been difficult to proportionally reduce the related irrigation canals, the
Tsao-Gung Canal should be, in addition to keeping the existing agricultural irrigation
function, studied the feasibility of its multifunctional uses to meet the needs of
society and community environments. Therefore the purpose of this study was to
review the mutual interference between drainage and floods in the entire water
system of Tsao-Gung New Canal, and use of the Monte Carlo’s simulation method to
understand the flow situations under different canal flow conditions. The conclusions
thus obtained are as follows:

1.The Tsao-Gung Canal (TGC) has been used for a long time, but most reports on it
have been focused on its history, and part of them were about its irrigation
performances, while its drainage and flood-prevention functions remain to be
further studied.

2.There is no need to renovate the TGC without taking well prepared plans in
advance and at the expense of its history and natural scenery. The problems due to
previous inappropriate design of urban drainage should be solved by installation of
sewage pipelines and improvement of sewer systems, instead of blaming the
Tsao-Gung Canal.

3.The design discharge of the Tsao-Gung New Canal is about 110cms. After review of
the statistics and analysis of its uses, it was found that at the times of big floods
(once in every 20 years), its cross-sections were insufficient. For dealing with this
problem, the KHIA itself should conduct relevant study and analysis to clarify the
responsibilities due, and request the water regulation authorities to take into
account the design of adequate drainage facilities such that the irrigation function
of Tsao-Gung Canal can be sustained.

4.In this research the Monte Carlo’s method was applied to practically calculate and
analyze the variations of flows. Under the circumstances of lack of data and rather
difficulty in control of scenarios, this tool was quite helpful in simulating the
possible events that had never happened before, and hence is worthy of being
promoted for further application.

2-4 . Irrigation Water Use Transfer by Kaohsiung Irrigation Association

It is increasingly uneasy to develop new water sources in Kaohsiung area
nowadays, and the existing water resources have been gradually becoming
insufficient to meet the growing demands. Under such conditions, it is essential to
regulate and distribute the available limited water resources in the optimum way so
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that the good water distribution will be achieved. In this research some suggestions
were presented to the Kaohsiung Irrigation Association on save of more irrigation
water for being transferred to other use purposes with charges of reasonable
compensation for the transferred irrigation water. The suggestions are as follows:

1.In pricing the compensations for transferred water, it is necessary to take into
account the additional costs for feedbacks to the costs required for the existing
accomplishments of irrigation management techniques and the follow-up
acceleration of R&D of new irrigation techniques.

2.To promote the lIrrigation Association’s management technologies for efficiently
raising its capability in digitalized management and fulfilling water-save irrigation
as well as rotational irrigation management, so as to increase irrigation efficiencies
and hence save irrigation water.

3.To carry out R&D work of new irrigation techniques, step up the experiments and
researches of the next generation’s new paddy field irrigation techniques, and
promote their applications at suitable times when it is economically beneficial.

4.To conduct research of related trading mechanisms of the trade platform of water
bank, promote rational water trading markets, and facilitate the rationalization
and economization of regulation, distribution and transfer of water.

2-5 .Planning and Promotion of Water-friendly Facilities in Communities

The following suggestions are proposed based on the on-site reconnaissance
results at some spots where the Tsao-Gung Canal runs through, if these places are to
be built the community water-friendly facilities:

1. Presently the quality of the water source of Tsao-Gung Canal is turbid. So before
constructing community water-friendly facilities, the quality of the canal’s water
source is suggested to be improved first; then the treatments of water quality would
be more efficient if certain places in the Canal’s middle and down stream reaches
are planned for construction of community water-friendly facilities.

2. The water gates of Tsao-Gung Old Canal have been assessed as the humanistic
historical relics, and the local residents also suggested that the related competent
authorities preserve their original appearances. Such a suggestion if adopted would
bring about another business opportunities to local communities.

3. According to the present picture of the Mengli Village of Fongshan City where the
downstream reach of Tsao-Gung Canal runs through, although the landscape design
of the canal’s banks have been primarily laid out it was found that the participation
of the local community residents were less enthusiastic; and that the canal bank
landscapes were designed with use of vertical earth-walls, and therefore are less
water-friendly. Moreover, the water quality is not clean enough and needs be
improved.

4. The improvement of Tsao-Gung Canal’s reach that runs by the prophyta garden is still
mainly to its water quality. Parts of the waterways obviously were deposited with
quite large volumes of sediments and the flows contained lots of suspensions.
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However, as there are some non-governmental organizations established at local
communities for preservation of sustainable environments (such as the Prophyta
Garden Community and Empowerment Association of Kaohsiung City), the
communities in other canal reaches to construct the water-friendly facilities
construction are suggested to refer to the related practice made in this canal reach.

5. For the present situation of the Dianpu Bridge in Fongshan City where the Tsao-Gung
Canal passes under, some of the hardware items of water-friendly facilities already
designed are suggested to be revised, so as to make them more water-friendly; for
example, the slopes of the canal’s banks can be made less steep. By so doing the
relevant community residents would be more willing to participate in the planning
of such facilities. Besides, the aspect of safety at water playgrounds should be paid
attention to.

2-6.Wetland Parks

In the past agricultural development eras, both of natural and artificial wetlands
in irrigation systems were mainly the irrigation ponds functioning to regulate the
canal water. However, because of the previous land development in the Kaohsiung
plain, most of the ponds had disappeared. The maintenance of canal waterways and
preservation of paddy field ecology thus can make up the adverse impacts to the
environments and ecology caused by the decreased water-surface areas. In recent
years in the greater Kaohsiung area a series of planning of development of wetlands
have been conducted. Under such circumstances the Tsao-Gung Canal is playing the
role of water source supply to the wetlands of Shezilinpi, Jiufanpi and Zhouzi. The
Canal will enable these wetlands to exist sustainably so that their ecological systems
can be preserved.

Most of the natural wetlands in Taiwan’s plain areas have been disappeared, but
the promotion and management of paddy field ecology can correct the
environmental and ecological problems due to lack of wetlands. It is also the key to
restore traditional culture and reestablish land ethic. It is strongly suggests that the
importance of paddy field ecology be fully recognized and practiced.

3.Survey on Opinions of Employees for Tsao-Gung Canal Service Area of Kaohsiung
Irrigation Association

This chapter was the focus of the second year program of the research work. It
mainly surveyed the opinions of the on-site employees assigned in the service area of
Tsao-Gung Canal (TGC) of Kaohsiung Irrigation Association (KHIA). In the course of the
research, discussion meetings with them were held separately in seven working
stations of the Association: Jiuqu, Daliao, Fongshan, Siaogang, Zuoying, Nanzih and
Niaosong. The concerned employees and committee members of the Association
were invited to attend these meetings. The main topics were on the multifunctional
issues of community water-friendliness, wetlands, historical culture, ecological
environments, R&L tourism and agricultural water use transfer in the service areas of
respective working stations. The purpose was to probe in depth the changes and
problems that the YGC encountered in recent years, in order to find out the future
development orientation and directions of the aforementioned working stations, and
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eventually to promote the achievements of PEL (agricultural production, ecology and
life) and the multifunctional uses of water resources by KHIA. The conclusions of the
discussing meetings at these seven working stations are respectively summarized in
the following:

4.Stakeholders’ Comments on Multifunctional Uses and Development Strategies
of Tsao-Gung Canal

The main task of this study was to invite the stakeholders including related
professionals and scholars, and local prominent people in the Association’s TGC
service area, to hold a forum for discussing about the desirable ways of
multifunctional uses of the Canal and also its future development strategies. The
purpose of the forum was to find out the sustainable management strategies for the
Canal, so that KHIA and the stakeholders including the local and even central
governments will be able to cooperate with each other and reform a whole
brand-new TGC that will be adapted to the social and environmental changes in
contemporary era.

In this chapter are summarized the achievements of the aforementioned forum as
described below in accordance with the topics:

1. Agricultural management and development

2. Cultural assets

3. Contribution of the Tsao-Gung Canal to irrigation engineering and
management, and its future perspectives

4.Agricultural water use transfer by Kaohsiung Irrigation Association
(KHIA)

5. Community water-friendly facilities

6. Wetland parks

5.Conclusions and Recommendations

The Tsao-Gung Canal (TGC) over the past 170 years has transformed the people
living in the now metropolitan Kaohsiung area from prosperous rural settlements
into rich industrial societies; and will improve the health of tomorrow’s cities in the
area through sustainable water management. As the TGC is being developed as a
canal of multifunctions, the promotion of the Canal’s reconstruction has become the
most important task.

This research was conducted on six basic aspects of development of the
multifulnctional uses of Tsao-Gung Canal:

1. Management and development of agriculture

2. Cultural assets and living in Tsao-Gung irrigation area



3.Contribution of the Canal to irrigation engineering and management
and its future perspective
4.Irrigation water use transfer by Kaohsiung Farm Irrigation Associatio
(KFIA)
5.Planning and promotion of water-friendly facilities in communities
6. Wetland parks

The six aspects above and the attention from stakeholders provided the
directions for KFIA’s furthur planning of the Tsao-Gung Canal’s multifunctional roles.
Complete discussions were conducted which scope included the preservation of
cultural assets, and construction of the present irrigation-related facilities to
long-term schemes in the future. It is anticipated that KFIA would make good use of
it and get into detailed planning and construction of TGC, so that its environments
would conform to the requirements of PEL and coherent with the future

development, and its management and development would be sustainable.

However, while the hardware installations are complete, the people living in,
and even out of the Taso-Gung irrigation area should form related organizations to
share the responsibilities of mantaining and managing the new canal hardware and
local cultural relics, and enhancing the special humanity tradition nurtured by
Taso-Gung Canal. By doing so the Canal will be enabled to continue nurturing

multiple local culture.

The role of the related government agencies is also a very important part.
Although KFIA is a public judicial body, it doesn’t have any legal authority, and its
funds are mostly relied on supports from the related agencies, which are the
obstacles to the Association in the management and maintainance of canals. If the
related agencies could be intergrated in cooperation with KFIA in management and
construction of Tsao-Gung Canal, it is for sure that the Canal’s service efficiencies

and acheivements would be increased, and past achievements revitalized.

The related centural agencies, the Kaohsiung City and Kaohsiung County
Governments, KFIA, and related community organizations as well as community
residents are related to each other and each one of them is a key part in the
sustainable development of Taso-Gung Canal. The planned merger of Kaohsiung
County and City in the year of 2010 will be a huge advantage for the multifunctional
development of Tsao-Gung Canal. It is hoped that the event of merger would
facilitate the planning and reconstruction of a complete and flawless Tsao-Gung

Canal, which would make the Canal fully play its functions of irrigation and
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flood-prevention, and also the people enjoy its functions and natural rural sceneries,

and futhurmore the foundations for the future it establishes.
REFERENCE

Fu- Ming Chiang , 2007. Multifunctional Uses and Development Strategies of
Tsao-Gung Canal :Management and Development of Agriculture, Tsao-jiin

Fundation.

hen-Der Wang and Po-Yuan Yang, 2007. Multifunctional Uses and Development
Strategies of Tsao-Gung Canal :The Cultural Hertage of Tsao-kung Irrigation System,
Tsao-jiin  Fundation.

Ming-Young Jan , 2007 . Multifunctional Uses and Development Strategies of
Tsao-Gung Canal :Contribution On the Agriculture and Future Perspective, Tsao-jiin
Fundation.

Sheng-Feng Kuo , 2007 . Multifunctional Uses and Development Strategies of
Tsao-Gung Canal :Canal Planning for Community Entertainment, Tsao-jiin
Fundation.

Chung-hsin Juan ,2007 . Multifunctional Uses and Development Strategies of
Tsao-Gung Canal :Constructed wetland parks, Tsao-jiin  Fundation.

Jung-Hsiang Lu, Guo-Long Lee ,Shu-shr Yeh and Jung-Shui Wang , 2007
Multifunctional Uses and Development Strategies of Tsao-Gung Canal : Agricultural
Water Use Transfer in Kaohsiung Farmland Irrigation, Tsao-jiin  Fundation.

Jung-Hsiang Lu, Guo-Long Lee ,Shu-shr Yeh and Jung-Shui Wang , 2008 . Survey on
Opinions of Employees for Tsao-Gung Canal Service Area of Kaohsiung Irrigation
Association, Tsao-jiin  Fundation.

Jung-Hsiang Lu, Guo-Long Lee ,Shu-shr Yeh and Jung-Shui Wang , 2009 .Stakeholders’
Comments on Multifunctional Uses and Development Strategies of Tsao-Gung

Canal, Tsao-jiin Fundation.

11



S
2 K

%%

| PRRY

.
i



rigation and Drainage Effi r‘.ien-:.y
all Lan dHnIrS ]r‘ nditio

w 14 - 16 OCTOBER 2010

_ @ sus U@
L ’ﬁ? &’ *—T E& {, o

l/ ».
51 61 BIERE T FIR(IEC)






j{hwﬁaiﬁs TREAFE T

—.—r\
‘llﬂ'\
%
)
&

(T Iy





