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ABSTRACT

Looking to Globally Important Agricultural
Heritage Systems (GIAHS) sites and traditional
ecological knowledge-based infrastructures
(Lo-TEK], we find nature-based systems that
symbiotically work with the environment.

This article suggests that by hybridizing
Lo-TEK with high-tech systems, the GIAHS
sites could offer designers a toolkit towards
economically, ecologically, culturally, and
technologically innovative systems that can
improve productivity and resilience. Whereas
urban development results in the erasure of
history, identity, culture and nature, this idea
explores how urbanization can be an agent for
the migration and reapplication of agricultural
heritage systems, rather than their greatest
threat. Cities can leap-frog the typical Western
model of displacing indigenous diversity for
homogenous high-tech. Instead, catalyzing
localized, agricultural heritage landscapes
like those designated as globally important
agricultural heritage systems, as scalable,
productive and resilient climate change
solutions and technologies. It requires a shift
in the thinking about traditional agriculture
and about the relationship to Nature, from
superior to symbiotic.

KEYWORDS
Nature-Based Technology; GIAHS; Lo-TEK;
Climate Change; Radical Indigenism
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The rice-fish field

is composed of a
rectangular grid of
paddies that are half a
meter deep and range
in size from 2 to 4
meters in length.

The system consists
of a canal, a dyke,

and 4 types of field:
mating, fry, maturity,
and market. Individual
rice-fish paddies

play different roles in
directing a balanced
symbiotic relationship
among species.
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of the "sawah tambak"

Peripheral canal

A place of intermediate transition when fish are between growing
phases, while also a water supply for concurrent rice-fish dry
season farming

Ranges 2 ~ 4 m wide and 2.8 ~ 3.2 m long, while 0.3 ~ 0.7 m deep
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5 m wide and 5 m long

g FRESIE A BL 00, EREEBEERKX
Mating pond
Male and female fish produce eggs which hatch in
another pond
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Fry pond
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K2~2.2m, 354~5m, 51.4~1.8m
Peripheral dyke
Prevents excess water intruding into rice-fish

system

Ranges 2 ~ 2.2 m long and 4 ~ 5 m wide, while
1.4 ~ 1.8 m high
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Market pond

- Contains fish at the proper selling size
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_ Maturity pond
" Abigger pond with a density of < 10 fish per square meter,

allowing more fish to reach market size

Eggs hatch and are relocated to a safer, more stable pond to grow
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Silkworms eat the
mulberry leaves

FUATFHIELYR
Silk is harvested from the
\ worms for material

RS

TR KA & A ER
\ Worm feces falls into the water
where it is eaten by fish

* BBNETHRALRR
Fishes are harvested for food
_—
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Pond mud returns to
the tree as manure

Kk Pond water

#&R Pond mud
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A woman is reaching
out to pull silkworms
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mulberry tree that is
grown on the dyke of
the fish pond.

4. The mulberry dyke and
fish pond is a closed
loop system, in which
each element provides
nutrients for another.
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different depths
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The fish pond system
uses ponds and rivers
to balance the flow

of water from the
mountains and to store
water from flooding.
The mud from the
bottom of the ponds is
excavated to build up
the dykes, increasing
water storage capacity
and wall height while
bringing nutrients to
the mulberry trees.
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1 Imminent Risks to Resilience

In January 2020, flooding in Jakarta, the capital of
Indonesia, displaced almost half a million residents'’.
Vulnerable to coastal and river flooding, sea level rise, and
exacerbated by accelerated subsidence, this city with a
population of 10 million , located on the northwest coast
of Java, has called upon the world for high-tech water
management solutions™”), In 2014, Jakarta collaborated
with the Dutch government to apply their dyke concept to
the coastline. This forty-billion-dollar proposal for multiple
seawalls and artificial islands has set a completion date
close to 2050, when an estimated ninety-five percent of
Jakarta will be underwater'®. Many mainstream solutions
to sea level rise favor single-purpose, high-tech, and
hard protection strategies designed by and for affluent
communities, that will likely worsen vulnerability over
time while failing to address the underlying causes, such as
groundwater depletion and the displacement of defensive
ecosystems'’. These costly fortification measures are proving
less resilient in the long term than the coastal environments
they replace.

After the 2020 floods, over 10,000 hectares of crops
failed in West Java, impacting millions of farmers, and
the populations who rely on their production'®. As urban
populations have exploded, traditional agricultural
landscapes have been industrialized, leading to deforestation,
pollution, and an overall loss of both biodiversity and
ecosystem services''. Rethinking the separation between the
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networks of the city and the landscapes of the rural, toward a
relationship of reciprocity within a watershed, will be vital to
human survival.

Cities can leap-frog the typical Western model of displacing
indigenous diversity for homogenous high-tech. Instead,
catalyzing localized agricultural heritage landscapes like
those designated as Globally Important Agricultural Heritage
Systems (GIAHS), as scalable, productive, and resilient climate
change solutions and technologies. In Asia, the United Nations
has designated 34 GIAHS. These sites are indigenous, living
systems that serve as precedents for designers charged with
constructing productive, symbiotic landscapes embedded
within intact ecosystems'”. Whereas urban development
results in the erasure of history, identity, culture, and nature,
this article explores how urbanization can be an agent for the
migration and reapplication of agricultural heritage systems,
rather than their greatest threat. This article suggests that by
hybridizing Lo-TEK, i.e. traditional ecological knowledge-
based infrastructures, with high-tech systems, GIAHS could
offer designers a toolkit towards economically, ecologically,
culturally, and technologically innovative systems that can
improve productivity and resilience. To see these systems
beyond relics requires a shift in the thinking about traditional
agriculture and about the relationship to Nature, from superior

to symbiotic.
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The wasabi seedlings
are planted in a layer of
fine soil approximately
15 centimeters deep.
Diverted stream water
flows from one terrace
to the next, before
returning back to the
stream.

“Tatamiishi” wasabi
farms occupy the valley
floors of mountainous
Shizuoka Prefecture.
East Asian Alder, Alnus
japonica, is frequently
planted in the fields

to provide shade to

the wasabi plants and
stabilize the ground.
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2 Sawah Tambak of the Javanese

An alternative adaptation strategy for intertidal lands
in Jakarta can be discovered nearby, heading east along the
coastline of Java. Where the coastal lowlands continually flood,
a uniquely Javanese aquaculture technology called the “sawah
tambak™ has evolved (Fig. 1). With a form similar to the Dutch
polder-dyke, including a berm, a canal, and a pond, the “sawah
tambak” performs remarkably differently. Rather than building
coastal berms and drying up intertidal ecosystems in the
transformation to arable land, the “sawah tambak” is built with
existing local resources, forming berms out of soil excavated
from a peripheral canal, to maintain an aquatic environment
for farming (Fig. 2). The system initially evolved by converting
silt-laden, brackish water fishponds into rain-fed rice fields,
accommodating existing local livelihoods and infrastructures
that responded to water-level changes. In the 1980s, this system
was practiced on 16,500 hectares of land, yielding 35,000
tonnes of fish annually, supporting 15,000 households”’. The
“sawah tambak” system has expanded over the years to other
areas of East Java, now inhabiting the basins of the Brantas and
Solo Rivers'"”. Both preventative and productive, the system

RIEHER

B K E TR
IKFRSINERH
0l P"ies Zr sl:lce wasabi plants
S ates dive
WARCET 9
S water from
UL R
. stream to terrace
Rainfall collects .
in mountain
streams
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mitigates deluge or drought, while maintaining a thriving habitat

for many species and a continuous food supply for a community.

3 Lo-TEK

This indigenous infrastructure is Lo-TEK. Adapted from
the word “low-tech” but incorporating the acronym “TEK,”
which stands for Traditional Ecological Knowledge, Lo-TEK
refers to nature-based technologies that harness the energy and
biodiversity of the complex ecosystems they inhabit. Forming the
foundation of indigenous technologies, TEK is a field of study
in Anthropology that is defined by ecologist Fikret Berkes as a
cumulative body of knowledge, practice, and belief, handed down
through generations by traditional songs, origin stories, and
everyday life!""!. Lo-TEK is located at the intersection of design
and radical indigenism which is critical to communities most
vulnerable to climate change, who lack the capital and resources
for costly, high-tech infrastructures. The dilemma is that people
living in developing nations are sold the belief—a mythology
of technology—that imported solutions are superior to local
innovations, even though the latter embody the intelligence of the
environments and cultures that evolved them.
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. —— EastAsian Alder stabilizes the ground
through its roots and provides shade for the
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HARE: 5~10m
Terrace width: 5~ 10 m
HKEE: 1%~4%
Slope: 1% ~ 4%

RFEERMES

Water flows across the surface of
the terraces, providing nutrients
and oxygen to the wasabi plants

retention wall
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7 cm

40 ~100 cm
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Water flows into next field through
a pipe or by spilling over the
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Canal directs
water back to
stream

8.  "Tatamiishi" farming
diverts stream water
through a series
of constructed
terraces. Water moves
horizontally across the
surface of the terraces
and downwards into
ground and the terraces
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N E X AR TR 2 000mm
Over 2,000 mm of rain falls annually in the mountains
of Shizuoka Prefecture
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4 Advance or Accommodate

While the use of TEK in empirical science is not new,
applying TEK to a scientific framework is''*, Categorizing
the following indigenous innovations in accordance with the
IPCC’s 2019 Special Report on the Ocean and Cryosphere in a
Changing Climate!"”! definition of advancing or accommodating
responses—accommodating being letting water in, while
advancing is extending new land into the water—furthers our
contemporary resilient design approaches to include TEK.
Adaptive resilience can be achieved by building biodiversity
and amplifying ecosystem services to increase performance—a

strategy implicit in many indigenous technologies.

4.1 Advance
4.1.1 Mulberry-Dyke and Fish-Pond System, China

A GIAHS site that constitutes an advance response is the
2,500-year-old Mulberry-Dyke and Fish-Pond System of the
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The slow movement

of water through this
system protects urban
areas from flooding
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“Tatamiishi” farming
benefits areas
downstream: it protects
urban areas from
flooding and erosion,
and keeps streamwater
clean so that other
industries such as

tea cultivation and
freshwater farming can
use it.

@

The "Zong Pu Heng
Tang system"” is an
ancient irrigation and
drainage project in the
Huzhou Mulberry-Dyke
and Fish-Pond System.
The system integrates
“Zong Pu"—also known
as "Lou” or "Gang"—
which are narrow rivers
in the longitudinal
direction from south

to north, with "Heng
Tang,” which are wide
rivers in the latitudinal
direction from west to
east.

Pearl River Delta and Taihu Basin, China. In this system,

mulberry trees are grown on dykes called “tangji,” that form
the banks of the fishponds (Fig. 3). Mulberry trees provide
leaves for silkworms to eat; silkworm feces and sloughs then

fall into the adjacent pond providing feed for fish. The fish

feces, along with the unconsumed silkworm and mulberry

waste, are then decomposed by aquatic microorganisms which
produce nitrogen, phosphorus, and potassium, finally returning
to the mulberry tree as the mud is dredged from the bottom of
the pools and applied to the banks as nutrient-rich manure—
beginning the cycle over again''? (Fig. 4). This system replaces
the need for chemical fertilizers, pesticides, and herbicides,
cutting costs and creating a zero-emission system'”’. The fish
ponds are part of a larger scale system to store water, regulate
floods, and mitigate drought, known as the “Zong Pu Heng
Tang system” ™!, In the past, this regional-scale system created
new water bodies around existing rivers to allow for flood

water storage in the ponds as well as increased sedimentation,
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Bank.

BENMNEREKE X
45.72m, {BIELLZ B
EBRE, XIEMZE
BRI ERERMA
RIE,

g E O, RE
HGIKERE WKL
PR ESE (B ,
FEBERTEREM
EEMISZE, FENNEK
¥R,

The farms can be up
to 150 feet long but
are narrow with space
between them. This
allows for farmers to
easily access them by
boat.

In constructing a
“baira,” water hyacinth
is pulled from the
water, layered, and
compressed by
farmers by foot. Often
bamboo is used for
additional support and
reinforcement.

which provides more mud that can be dredged to build the
dykes up as protective walls (Fig. 5).

4.1.2 Tatamiishi Wasabi Cultivation in Shizouka, Japan

Today, the United Nations also recognizes traditional wasabi
farming as a GIAHS. Wasabi is made from the grated rhizome
of Eutrema japonicum, a plant indigenous to the stream beds
of river valleys in the mountains of Shizuoka Prefecture in
Japan. Japanese farmers began cultivating the wasabi plant in
the 17th century by mimicking its natural stream habitat. This
“tatamiishi” style of wasabi farming uses terraces consisting of
three layers: a base of large rocks, a finer layer of pebbles, and a
layer of soil in which the plants are grown (Fig. 6). Pipes divert
stream water into terraces where it moves in two directions:
across the surface of the field, providing nutrients and oxygen
to the wasabi plants, as well as downwards, returning to the
mountain streams where it is used for freshwater aquaculture
and farming"® (Fig. 7, 8). The wasabi fields constitute diverse
ecosystems in themselves, with high populations of insects,
birds, amphibians, and reptiles, which form the foundation
of the food chain in the mountain stream areas. The creation
of these ideal conditions produces farmed wasabi that has
larger, stronger stems, and a more pungent taste than its wild
relative”),

“Tatamiishi” cultivation slows down the rate of water
flowing downbhill by giving it more surface area to flow
and percolate through. This process reduces soil erosion
and prevents flooding downstream (Fig. 9). By channeling
Shizuoka’s high rainfall into fields, “tatamiishi” wasabi farming

constitutes an accommodating strategy to climate resilience!"".

4.2 Accommodate
4.2.1 Artificial Floating Islands on Dongting Lake, China

In the wetlands and waterways south of the Yangtze River in
China, artificial floating islands used for agriculture were once
popular during the Tang (618 - 907) and Song (960 - 1127)
Dynasties'”'*!, These agricultural islands were large rafts built
of bamboo frames and gausun grass (Zizania latifolia) which
were covered with earth, and topped with sails for mobility!"""*",
Across the globe, nature-based technologies have been displaced
by development and as seas rise and populations grow, similar
innovations still in existence are at risk of being erased. To
accommodate flooding, adaptation measures that align to the
IPCC definition of accommodation such as islanding are a
way forward, a strategy that has been practiced by traditional
agriculture in many communities for hundreds of years*'. In
Bangladesh, we see an example of floating agriculture that has
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overcome environmental extremes including limited land and

severe flooding, especially during the monsoon.

4.2.2 Baira Floating Vegetable Gardens in Bangladesh

In Bangladesh, a country of 160 million people, more than
two-thirds of the country is regularly flooded for months®?',
To overcome this, a Lo-TEK hydroponic agriculture system
of floating gardens has been developed that survives daily
deluge while also sustainably controlling a noxious weed. These
floating gardens are known as “baira” and have been used to
grow seedlings and vegetables for over three centuries. The

islands are one of the GIAHS sites, displaying sustainable local

yed Zakir Hossain
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left to germinate until they sprout. "Guti" are then planted into the "baira." higher ground nearby, broken down, and then winter vegetables are cultivated on it. 12

156 VOLUME 8/ ISSUE 3/ JUNE 2020



@  The data of Eichhornia
crassipes is from
Great Lakes Aquatic
Nonindigenous Species
Information Center.

12, fEK EXE EMIERE
WMZEl, MTFREREL
R hRT. 5
22X, XK EFEREY
FIRIEFED, TR
—RER il fE
b7

12.  Prior to planting crops

on the island, seeds
are germinated in a
“guti.” In the winter
these islands are pulled
ashore and used as
planting beds called
“kandi.”
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resource management and socio-economic resiliency for poorer
communities which lack access to continuously dry land.

The size, shape, materials, and crops planted on the “bairas”
vary from region to region, but all use the water hyacinth
(Fig. 10). Water hyacinth (Eichhornia crassipes) is found in
warm, slow-flowing freshwater, where it naturally grows into
thick and buoyant mats®. The island makes use of the plant’s
large air pockets in the aerenchyma tissue of the leaf stalk that
allow it to float (Fig. 11). An island is formed by compressed
layers of water hyacinth that decompose and are planted with a
pod-like “guti,” which contain the seeds. Water hyacinth is able
to absorb nutrients from the water easily and in decomposing
they act as a natural compost, so fertilizer is not required. The
island’s aquatic environment also means the gardens do not
require irrigation, and are not vulnerable to vermin or invasive
weeds. In the winter as the floodwaters subside, these islands
are pulled to the shore and transform into “kandis”: permanent
nutrient-rich raised cultivation beds"*”' (Fig. 12).

5 Cultural and Climate Resilience

Looking to GIAHS sites and Lo-TEK, we find nature-based
systems that symbiotically work with the environment. These
nature-based systems act multidimensionally, not only for the
purpose of food production, but as resilient infrastructures
that may survive industrial agriculture as the seas rise and
the climate changes. They are ecologically-intensive, rather
than energy-, chemical-, or capital-intensive*". Technologies,
such as the “sawah tambak” already embody the construction
techniques, climate, soil quality, precipitation levels, and
seasonal understandings of the local culture and the intertidal
ecosystem that evolved them. They expand intertidal materials
and amplify ecosystem services rather than erasing them.

As we look for ways to design resilient technologies in the
face of climate change, we must look to systems that already
are proven to work, as Dr. Eugene Hunn puts it, “tested in the
rigorous laboratory of survival.”*"' LAF
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