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4 Assessing the research impacts

The research outcomes have been used to treat salt-
affected land in Pakistan and Thailand. This has had
a direct impact on land productivity which, in turn,
has had an impact on farm-household incomes and
property values, with flow-on benefits to the broader
economies of both countries.

The ACIAR-funded research in action

In Pakistan, approximately 5.8 million hectares of
agricultural land are salt-affected. Of this area, 2.0
million hectares in the canal command areas have
been abandoned due to severe salinity and waterlogged
conditions (DMC 2002).

In Thailand, approximately 2.9 million hectares of
low-lying land in the Khorat region (north-east
Thailand) is saline or saline-sodic to some extent. Of
this area, 280,000 hectares is considered extremely saline
and has been abandoned. A further 590,000 hectares is
moderately saline (LDD 2007).

The findings of the four research projects have enabled
farmers and land managers to utilise the identified tree
and shrub species to treat marginal and abandoned
land. Using Australian eucalypts and acacias, the
research activities identified which subspecies have
high salt tolerance and are best able to survive in highly
waterlogged soils. That is, findings identified particular
Eucalyptus and Acacia subspecies with the capacity to:

m initially survive and thrive in the salt-affected and
waterlogged environment

m  consume significant quantities of water.

Increases in the quantity of water consumed at the
surface can have a direct impact on lowering the
watertable. And, as the watertable is lowered, the level
of surface salt concentration can be reduced through
time, improving productivity (see Box 2). In the interim,
or where reductions in the watertable are not possible,
income can be derived from using the land to grow
eucalyptus and acacia species and selling the harvested
wood as fuelwood.

While eucalypts and acacias perform different functions,
planting these species is a necessary first step in the
reclamation and rejuvenation of otherwise unproductive
or marginally productive land.

The uptake of the research

Outside of the aid-funded development activities,
there is no evidence to suggest a broader uptake of
the research findings, either in Pakistan or Thailand.
Thus, for the purposes of the calculations below, the
maximum uptake rate is taken as the 6,961 hectares
under treatment in Pakistan and the 5,000 hectares
under treatment in Thailand (Table 4).

For the Eucalyptus species, treatment is based on
research findings indicating the success eucalypt
plantations have in lowering the watertable by up

to 3 metres (DMC 2002). The specific process of
reclamation involves planting eucalypts at fixed
intervals, generally in 2 metre rows with 2 metres
between saplings. These trees are grown for up to 8
years. In addition, tree thinning is undertaken during
years 4 and 6, yielding 15% and 25%, respectively, of
the final harvest in those years (DMC 2002). Following
treatment, based on soil assumptions that salinity is
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reduced during the tree phase, there is a 10% chance the

ground is considered treated and normal crops can be

grown (Dr Nico Marcar, CSIRO, pers. comm.).

From the initial planting rates in Table 4 and using

rotation lengths, crop thinning and land conversion rates

in Pakistan, the first year in which fuelwood is harvested
is 2001, while the first in which wheat - seed-cotton
rotations are harvested is 2006 (Table5).

In Thailand, there are two approaches to land
treatment. The first involves using acacia trees on
severely salinised discharge zones to lower the
watertable and reduce salinity. For Acacia ampliceps,
research findings highlighted the success of the species
at surviving in highly saline conditions, though with
less impact on the watertable than planting eucalypts.
However, rather than actively attempt to lower the
watertable and reduce waterlogging, research findings
highlighted the attractiveness of using acacia as a

Box 2. Discharge and recharge zones and the watertable

Groundwater is water that is located below the soil
surface, as opposed to surface water such as creeks
and rivers.

Any point where groundwater has accumulated to
the extent that the soil becomes fully saturated with
water is considered to be part of the watertable.
Generally, the shape of the watertable mimics the
contours of the land above, with groundwater on
slopes ‘flowing’ downhill. Soil and rock conditions,
as well as the slope and nature of the land contours,
will impact on the direction and rate of flow.

It is helpful to consider groundwater in terms of
its inputs and outputs. Groundwater levels are
replenished from rain and other water sources,
absorbed into the soil in recharge zones (an input).
Recharge zones are typically found on slopes.

This water then flows downhill to basins and

flats, and emerges on the surface in the forms of
springs and seeps. These are known as discharge
zones (an output). Where the watertable has
increased to within 2 metres of the surface, the
land is considered waterlogged. Lowering the
watertable below the root zone is a prerequisite for
reclamation of such soils.

With water flowing in from recharge zones,

increases in water inflows without any increase in
water outflows from the discharge zone will result
in the watertable rising. Similarly, removing crops

and tree species that consume water has the same
effect. As the watertable rises, any salts diluted in
the watertable or in the soil above the watertable
will be moved closer to the surface. This increases
the level of salinity in soils closer to the surface.

Conversely, a lowering of the watertable in a
discharge zone means that, in time, natural dilution
of the soil from water flowing from the surface to
the watertable below (from rain, for example) will
result in salt concentration levels being reduced.

Aside from recharge and discharge zones,
groundwater can also be extracted biologically
and mechanically. The planting of crops and
tree species with deep root systems and high
water requirements will, through time, lower the
watertable (holding all other elements constant),

while mechanical pumping of the water from bores

will also lower the watertable (assuming the water
is consumed on the surface and does not flow back
to the watertable).

The exact impact of each of the inputs, outputs,
land contours and soil types can be modelled

with the help of computer software. This is done

by solving a system of equations initially in
equilibrium, in response to one or more variables
changing. These models are mathematically similar
in structure to other system-of-equation models,
such as meteorological and economic models.
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Table 4. Areas (hectares) of salt-affected land planted with salt-tolerant Eucalyptus and Acacia species in Pakistan and

Thailand
Year Pakistan Thailand
Eucalyptus camaldulensis E. camaldulensis Acacia ampliceps

1997 0 . 480 : 20

1998 ! 870 : 960 : 40
1,740 : 1,440 : 60
2,610 : 1,920 : 80
3,480 : 2,400 : 100
4,350 2,880 120
"5,220 - "3,360 H w o
,6’091 e e ,3’840 S S o
,6’961 ........ ,4’320 S S o
,6’961 ........ ,4'800 S AN o

Sources: IWASRI (2005) and based on discussions with Dr Arunee Yuvaniyama (Land Development Department, Thailand)

Table 5. Area (hectares) of land producing output each year in Pakistan

Year

Eucalyptus plantations
in 4th year

Eucalyptus plantations
in 6th year

Eucalyptus plantations
in 8th year

Land converted to
wheat - seed cotton

beyond

174

261

348

435

522

609

696

Source: Centre for International Economics’ calculations based on DMC (2002) and discussions with Dr Nico Marcar (CSIRO, Australia)
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source of fuelwood. These are thus planted for a period
of 5 years before harvesting, after which there is a 25%
chance the land is suitable for growing traditional crops
(based on discussions with Dr Nico Marcar, CSIRO
and Dr Arunee Yuvaniyama, Land Development
Department, Thailand).

The second approach is to grow eucalypts in
conjunction with other crops (agroforestry) on
recharge areas. This ensures the productivity of the
land maintains its status quo and does not reduce due
to salinity, while also allowing other crops to be grown
at the same time. For example, eucalypts can be grown
along the embankments of, or within, paddy fields

to reduce saline groundwater. Under this treatment
type, eucalypts are grown for 5 years before harvesting
and, during their growth, rice can also be grown

and harvested.

Using the initial planting rates in Table 4 and rotation
lengths, agroforestry and land conversion rates applying
in Thailand, the first year fuelwood is harvested in is

2001, while the first rice crop on converted land is in
2002. Note that land under agroforestry produces rice
from the first year (Table6).

Components of the benefits of the research

It is important to note that, in both Pakistan and
Thailand, there are already a number of Australian
Eucalyptus and Acacia species being used on saline and
waterlogged land. Thus, the benefits of the project come
from two elements:

m the marginal increase in productivity of growing
eucalypts and acacias associated with the
identification of the most appropriate subspecies

m the improvement in the productivity of land
associated with the extension activities discussed in
Chapter 3.

Table 6. Area (hectares) of land producing an output each year in Thailand

Year Eucalyptus plantation

Acacia plantation

Rice harvest area on
converted land

Rice harvest area
under agroforestry

1997

1998
1999

ioio o io
ioiocio o

2000 i

2002 480

2003 . 480 :

2007 960

2008 960

2009 960

201and 960 30
beyond 3

001 480 20

: A . A

20 .
006 480 20
005 480 20
006 960 3

| 3
3
3
010 960 3

480 0

960 0
1,440
1,920

ioio o

2,400
2,830

3360 . 10
3,840 15
4320 20
4,800 25
4,800 30

4800 3

4,800 40
4,800 45

4,800 50

Source: Centre for International Economics’ calculations based on discussions with Dr Nico Marcar (CSIRO, Australia) and Dr Arunee

Yuvaniyama (Land Development Department, Thailand).
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This is a crucial point. The improvement in productivity
associated with identifying the most appropriate
subspecies will yield a welfare gain associated with

the gains to both fuelwood and crop production.
Furthermore, the development activities will yield a
welfare gain (excluding the cost of the development
activities) by bringing into production land that was
otherwise marginal or abandoned.

In order to quantify the two benefits identified above,
it is useful to examine the elements of the project
separately. The direct and indirect benefits from
applying the research are set out in Table 7.

In order to quantify the net benefits of research, details
of the incidence, costs and revenues of each element in
Table 7 are required.

Increased fuelwood production

The specific output of the research was to identify
specific Eucalyptus and Acacia species that survive well
in saline and waterlogged soils.

The exact size of the productivity improvement differs
depending on the location (Pakistan or Thailand) and
the trees planted (eucalypts or acacias). Wood yield per
unit of area of land for a particular species will vary
widely with factors such as seed source, site conditions
systems of management (for example, plantation
spacing, rotation length and thinning regimes)
(ACIAR 1993).

In Pakistan, a possible scenario for Eucalyptus
camaldulensis grown on waterlogged soils and managed
on an 8-year rotation with thinning in year 4 and year 6
will yield 15 cubic metres of wood per hectare per year
(ACIAR 1993).

In Thailand, a possible scenario for Eucalyptus camaldu-
lensis grown on moderately saline soils and managed
on a 5-year rotation is for yields of between 2.5 and 5.0
cubic metres per hectare per year (ACIAR 1993). For
Acacia ampliceps on moderately to highly saline land,
yields between 2.5 and 5.0 cubic metres per hectare are
likely (ACIAR 1993).

With improved seed sources and subspecies selection
resulting from the project, however, yield improvements
of 30% are achievable (ACIAR 1993). We have used a
conservative estimate of a 15% increase in yield.

The current and expected yields attributable to the
research are identified in Table 8.

In effect, the research has given producers who use
these identified species and seeds a productivity gain.
In an economic framework of supply and demand, a
productivity gain is represented as a vertical shift down
in the supply schedule. As landowners and managers in
Pakistan and Thailand already have access to Eucalyptus
and Acacia species from pre-ACAIR research,
individuals would have undertaken land treatment
where there was an economic benefit to do so; that is,
where the marginal benefit of planting either eucalypts
or acacias exceeded the marginal cost of doing so.

Table 7. Benefits from using the research findings to treat land

Eucalyptus treatment

Acacia treatment

Treatment phase

Successfully treated land

Treatment phase | Successfully treated land

fuelwood from degraded
land during treatment

crops following

- Income from selling success)

crops from degraded
land during treatment

Pakistan i « Income from selling + Income from selling
¢ fuelwood from degraded {  crops following
land during treatment | treatment (10% of
success)
Thailand ¢ « Income from selling « Income from selling

treatment (25% of

+ Income from

selling fuelwood crops following

from degraded treatment (25% of
land during success)
treatment

Sources: ACIAR (1993) and based on discussions with Dr Nico Marcar (CSIRO, Australia) and Dr Arunee Yuvaniyama (Land Development

Department, Thailand)
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We assume that those who are now (or will be) planting
because of the ACIAR research are doing so because

the marginal benefits now exceed the marginal costs.
The vertical supply-side shift is equal to the unit cost
reduction. In Figure 5, this is measured as the difference
between Py and B.

Full cost information on the planting, management and
harvesting, including capital, land and labour costs,

is not readily available in either Pakistan or Thailand.
As such, it is not possible to undertake a detailed cost
analysis. However, as eucalypts and acacias are already
in use in Pakistan and Thailand, the productivity gain
can be calculated from the implied cost reduction.
With a market in place, at the margin the market price,
the marginal benefit will equal the marginal cost. And
this marginal cost includes all costs associated with
production, including economic returns to capital,
labour and land.

The measure of the productivity improvement can
therefore be calculated by determining the pre- and
post-research production costs per cubic metre
implied by the market price and the pre- and post-
research yields. Using this approach, the productivity

improvement (vertical shift in supply) is calculated as
Rp436 ($9.80) and baht 1,111 ($37.60) per cubic metre
in Pakistan and Thailand, respectively (Table9).

The changes in wood yields for each rotation, pre and
post research, are set out in Table 10.

Given that the development activities have all taken
place on abandoned land, the increase in fuelwood
supply in Pakistan and Thailand is in addition to the
market that is already in existence.

As such, it is appropriate to think of supply of fuelwood
as coming from a number of different non-homogenous
markets—those that are currently producing, and those
that are producing only because of the ACIAR-funded
research.

In Pakistan, there are two fuelwood supply markets:
pre-existing suppliers and those supplying from
eucalyptus plantations (Figure 6).

In Thailand, there are three supply markets: the
pre-existing suppliers, those supplying from the new
eucalyptus plantations and those supplying from the
new acacia plantations (Figure 7).

Table 8. Pre- and post-project yields (cubic metres) of wood

Component Units Pakistan Thailand
Eucalyptus E. camaldulensis Acacia ampliceps
camaldulensis

Pre research

Yields m3/ha/year 7.5 3.82 3.82

Rotation length years 8 5 5

Thinning years 4and 6 None None

Yield over rotation m3/ha 60.0 188 18.8

Research

Yield improvement % 15% 15% 15%

Post research

Yields m3/ha/year 86 43 ; 43
ROEaUOﬂ |ength years A ,,,,,, R S . 5

Thinning years 4and 6 : None None

Yield over rotation m3/ha 69.0 216 216

2 Taken as the mid-point between 2.5 m3 and 5.0 m3 per year
Source: ACIAR (1993)
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The economic-surplus changes in Pakistan from the
increased supply of fuelwood are:

m  existing producers lose area a as prices fall
m  eucalyptus producers gain area b as supply increases
m  consumers gain areas ¢, d and e as price falls.

Given area a is equal to area ¢, the Pakistan economic
gain is area b, d and e (Figure 6).

The economic-surplus changes in Thailand from the
increased supply of fuel wood are:

m  existing producers lose area fas prices fall

m  eucalyptus producers gain area g as supply increases
m  acacia producers gain area h as supply increases

m consumers gain areas i, j and k as price falls.

As area fis equal to area i, the Thai economic gain is
area g, h, j and k (Figure 7).

Table 9. Unit cost reduction calculations

The exact size of these areas depends on the initial
quantities, the relative supply and demand elasticities,
and the size of the productivity gain. The elasticities
used in this study for fuelwood supply and demand are
given in Table 11.

Total production and producer prices for fuelwood in
Pakistan and Thailand are given in Table 12.

Using the adoption rates, initial equilibrium positions
and the productivity gains attributable to the project
identified above, the benefits to Pakistan and Thailand
of increased fuelwood supplies are set out in Tables 13
and 14.

Increased wheat, seed cotton and rice production

Improving soil conditions and reducing the impact of
salinity on crop yields is the second significant benefit of
the project. This yield improvement will increase farm
incomes from increased sales. There will also be flow-on
benefits to consumers from the increase in supply of
agricultural products.

Component Units Pakistan Thailand

Eucalyptus camaldulensis E. camaldulensis Acacia ampliceps
Pre research
Yield (a) m3/ha 60.0 188 188
Producer price (b) : : 3,341 8519 8519
Cost (c)=axb 200,458 159,731 159,731
Cost (d) = ¢/a 3,341 8519 8519
Research
Yield improvement % 15% 15% 15%
Post research
Yield m/ha 69.0 216 216
Producer price local $/m3 3,341 8519 8519
Cost local $/ha 200,458 159,731 159,731
Cost local $/m3 | 2,905 7,408 7,408
Productivity shift
Cost saving 130 130 130
Unit cost reduction 436 1,111 1,111

Sources: ACIAR (1993), FAO (2007a) and Centre for International Economics’ calculations
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Supply—existing producers Supply—Iland treated as part
of the ACIAR research

S
Price Price

51

Se
Y
Po
B
Quantity Quantity
Figure 5. Supply-side productivity improvement due to the ACIAR research

Table 10. Plantation timings and wood yields (cubic metres per hectare) without and with the research

Year

Pakistan

Thailand

Eucalyptus camaldulensis

E. camaldulensis

Acacia ampliceps

Pre-research yield

Sources: ACIAR (1993) and DMC (2002)
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In Pakistan, there are typically three main crop

rotations on normal soil. These are seed cotton — wheat,
sugarcane-wheat and rice-wheat, although a broad
number of other crops are also grown (DMC 2002). For
this study, we have assumed that treated land reverts to a
seed cotton — wheat rotation.

In Thailand, the research is being used in agroforestry
plantations, combining eucalypts with other crops.
Given that the majority of all agricultural crop

production in Thailand is rice, we have assumed that all
treated land reverts to rice paddies and that all agrofor-

estry is conducted in conjunction with rice.

In Pakistan, there is a 10% chance that using the
research will result in the land being sufficiently treated
to be able to grow wheat and seed cotton with normal
yields. In Thailand, there is a 25% chance that growing
acacia on moderately and severely saline land can be
rehabilitated and will grow paddy rice with normal
yields. Additionally, in Thailand, the use of eucalypts in
agroforestry will maintain rice yields on treated land.

Supply—existing Supply—new producers Demand and
producers total supply
Price Price Price
L a ¢ i C l
b
~—  Quantity g Quantity — Quantity
Figure 6. Fuelwood market in Pakistan—a combination of two supply markets
Supply—existing Supply—new Supply—new Demand and
producers eucalyptus producers acacia producers total supply
Price Price Price Price

—

~—  Quantity

Quantity

—

Quantity — Quantity

Figure 7. Fuelwood market in Thailand—a combination of three supply markets
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Table 11. Demand and supply elasticities for fuelwood in Pakistan and Thailand

Variable Demand Supply Source
Pakistan -0.40 0.60 ACIAR (1995)
Thailand -0.40 0.60 ACIAR (1995)

Table 12. Initial production and consumption (cubic metres), and price, of fuelwood

Country Production and consumption Producer price (farm gate)
million m3 $ local/m3

Pakistan 27.7 3,341

Thailand 281 8519

Source: FAO (2007a).

Table 13. Economic benefits from increased fuelwood supplies in Pakistan

Year Change in supply and demand Change in Change in economic surplus
('000 cubic metres) price (million rupees)
. (rupees .
New Existing | Consumers ) New Existing | Consumers Net
per cubic
producers | producers producers | producers surplus
metre)

1997 00 0.0 00 0 00 0.0 00 00
1998 00 0.0 00 0 0.0 0.0 00 00
1999 00 0.0 00 0 0.0 0.0 00 00
2000 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
2001 9.0 =54 36 -1 20 -30.1 30.1 20
2002 9.0 —54 36 =1 20 -30.1 30.1 20
2003 240 -144 9.6 -3 52 -80.2 80.3 53
2004 240 -144 96 -3 52 -80.2 80.3 53
2005 84.0 -50.4 336 =10 179 —-280.0 2813 192
2006 84.0 -50.4 336 -10 179 -280.0 2813 19.2
2007 84.0 -50.4 33.6 =10 179 —280.0 2813 19.2
2008 84.0 -50.4 33.6 =10 179 —-280.0 2813 19.2
2009 83.1 -499 333 =10 17.7 -277.0 2783 19.0
2010 83.1 -49.9 333 -10 17.7 -277.0 2783 19.0
2011 81.6 -49.0 327 =10 174 —272.1 2733 186
2012 81.6 -49.0 327 =10 174 =272.1 2733 186
2013 + 756 —454 303 -9 16.1 -252.1 253.1 172

Source: Centre for International Economics’ calculations
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In essence, the analysis on the economic impacts of
the increase in crop supply is similar to the increase in
fuelwood supplies discussed above.

In Pakistan, the increase in total wheat supplies will
push down the price of wheat. This will benefit wheat
consumers while hurting pre-existing wheat producers.
Figure 6 sets out this story. The increase in seed cotton
supplies will have the same effect.

In Thailand, the increase in rice supplies from agro-
forestry and treated land is similar to the story in Figure
7. There are pre-existing producers, with two new
non-homogenous producers (treated land and agrofor-
estry) entering. Similarly, the increase in rice supplies
will reduce prices, increase consumption and reduce
production from the pre-existing producers.

Calculating the changes to economic surplus as a result
of the ACIAR research is thus similar to that described
earlier. The final result will depend on the size of the

productivity improvement, the adoption rates, the initial

price and quantity conditions and the relative supply

and demand elasticities.

Using the same technique as above, the productivity

gains for the different crops are detailed in Table 15.

The initial price and quantity conditions are detailed in

Table 16.

The economic benefits of increased crop supplies in
Pakistan and Thailand are set out in Tables 17-19.

Table 15. Productivity gains of crops in Pakistan and Thailand

Producer price local $/tonne

Cost

local $/ha

Cost * local $/tonne

Component Units Pakistan Thailand
Wheat Seed cotton Land converted | Land converted
to rice to agroforestry,
with rice
Pre research
Yield on saline land ¢ tonnes/ha

Post research

Yield on normal land

tonnes/ha

Producer price local $/tonne

Cost

local $/ha

Cost * local $/tonne

Productivity shift

Cost saving %

Unit cost reduction local $/tonne 4,143

3 Rice agroforestry production yields are taken as 75% of the yield on non agro-forestry land due to eucalypts being planted on part of the

available land.
Sources: ACIAR (2001), World Bank (2006a) and FAO (2007b,c)
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Table 16. Initial production, price, and demand and supply elasticities

Commodity Production and Producer price Demand elasticity Supply elasticity
consumption ($ local/tonne)
(million tonnes)
Pakistan
Wheat 18.2 8,825 -0.11 0.23
Seed-cotton 52 9,250 ~0.112 0232
Thailand
Rice 26.1 4,840 -0.05 022

a  Specific elasticities for seed-cotton for Pakistan are not in the FAPRI database. As such we have used the supply and demand elasticities
for wheat.

Sources: FAO (2007a) and FAPRI (2007).

Table 17. Economic benefits from increased wheat supply in Pakistan

Year Change in supply and demand Change in Change in economic surplus
('000 tonnes) price (million rupees)
New Existing | Consumers (upees/ New Existing | Consumers Net
producers | producers tonne) producers | producers surplus
00 00 0 % 00 00 00
,,,,,, 00 - 0 B - OO - OO
0.0 0.0 0 00 0.0 0.0 0.0
0.0 0.0 0 0.0 0.0 0.0 0.0
2001 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ OO ,,,,,,,, OO PR O ........................... 00 ,,,,,,,,,, OO R OO ..........
2002 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 00 ,,,,,,,, OO S 0 ........................... 00 ,,,,,,,,,, 00 VA 00 ..........
2003 0.0 00 00 0 00 0.0 0.0 0.0
2004 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
2005 ..... o OO o OO - o O ............. o OO o OO - o OO ..........
2006 .................... 02 ,,,,, _ 01 R 0 ............................ 04 ,,,,,,, _ 51 R 04 ..........
2007 0.4 -0.3 0.1 —1 0.8 =102 10.2 0.8
-04 0.2 -1 -153 153 12
_05 . _1 B _204 - 16 ..........
_07 . _1 B _255 o 20 ..........
-038 0.4 -2 24 -306 30.7 24
2012 1.4 -09 0.4 -2 29 -358 358 29

203+ 16 -1 05 =2 33 . =409 . 409 | 33

Source: Centre for International Economics’ calculations (2007)
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Table 18. Economic benefits from increased seed-cotton supply in Pakistan

Year Change in supply and demand Change in Change in economic surplus
('000 tonnes) price (million rupees)
New Existing | Consumers (rupees/ New Existing | Consumers Net
producers | producers tonne) producers | producers surplus

1997 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1998 O.OW O.OW HO.O OO O.OW HO.O 0.0
1999 0.0 00 00 0 00 00 0.0 0.0
2000 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
2001 O.OW O.OW ‘0.0 ........................ OO 0.0w HO.O 0.0
2002 O‘OW O.OW ‘0.0 OO O.OW HO.O 0.0
2003 0.0 0.0 0.0 0 00 00 00 0.0
2004 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
2005 O.OW O.OW HO.O ................ O ....... OO 0.0w HO.O 0.0
2006 0.2'“‘ -0.1 "0.1 0.3’“‘ —4.4'“‘ "4.4 03
2007 03 -02 0.1 -2 0.5 -88 8.8 0.5
2008 0.5 -03 02 -3 0.8 -13.2 132 0.8
2009 O.6W —0.4'“‘ "0.2 - —3 ....... ‘HW —17.7'“‘ {7.7 1.1
2010 0.8'“‘ —O.SW HO3 - —4 ....... 1.3'“‘ —22.1'“‘ 52.1 13
2011 1.0 =07 03 -5 1.6 -265 265 1.6
2012 1.1 -0.8 0.4 -6 19 -309 309 19
2013 + 1.3'“‘ —0.9'“‘ "0.4 —7 ....... 2.‘|w —35.3'“‘ 55.3 2.2

Source: Centre for International Economics’ calculations (2007)
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5 Determining the research impact

Combining the uptake rates identified with the
consumer and producer surplus calculations in
Chapter 4, the total benefits and costs to Pakistan,
Thailand and Australia can be calculated.

Overall gains of the ACIAR research

In Pakistan, from 2013 onwards, the total economic gain
each year will be $507,000 (Table 20). These benefits

are assumed to continue from 2013 until 2038. We

have assumed that there will be no disadoption of the
research findings.

In Thailand, the ACIAR-funded project will return
$876,000 each year from 2011 onwards (Table 21). These
benefits are assumed to continue from 2013 until 2038.
We have assumed that there will be no disadoption of
the research findings.

The net benefit of the ACIAR research is the sum of the
economic gains in Pakistan and Thailand minus the
research and extension costs. Converting the economic
gains to Pakistan and Thailand (Tables 20 and 21) to
Australian dollars, and subtracting from these the
research and extension costs identified in Chapter 3
(Tables 1-3), the net benefit of the ACIAR-funded
research can be calculated (Table 22).

Discounting the stream of benefits through time at

a rate of 5% per annum gives a total net benefit of

$2.4 million. At a 5% discount rate, the break-even year
for the project is 2030 (Figure 8).

The internal rate of return on the stream of income is
5.7%, while the benefit:cost ratio has been calculated as
1.12 (at a 5% discount rate) (Table 23).

These calculations suggest that ACIAR’s salinity research
of the 1990s will return positive net benefits through
time across low discount rates. To date (up to the end
of 2006), the net return has been negative, with the first
year of positive annual returns in 2004. Over 50 years

to 2038, the benefit:cost ratio is calculated as 1.12 (at a
5% discount rate), indicating that, for every dollar spent
by ACIAR and others on the research and extension,
there has been an increase in economic surplus of $1.12.
However, increasing the discount rate to 10% yields a
benefit:cost ratio of 0.53, indicating that every dollar
spent would return only $0.53.

Impact on poverty

From the information available, it is impossible to
quantify the impact the research has had on poverty,
either absolute or relative, in Pakistan and Thailand.
Nor can any conclusion be drawn on the impact the
research has had on relative income distributions and
income inequality.
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Benefits to Australia

The benefits to Australia of FST/1993/016 and related
projects were considered in Pearce et al. (1996). The
broad conclusions from this analysis are as follows.

Salt in the landscape is a major problem in Australian
agriculture. This project, which is in fact one of a large
number of ACIAR-funded projects concerned with
related problems, looked at one aspect of the problem.
It considered which tree and shrub species would best
be able to withstand salinity, and therefore would be
appropriate for use in agriculture— particularly as

an additional crop that would make use of otherwise
unproductive land.

This project is an example of ACIAR-funded research
contributing to a fundamental knowledge base in

an area of broad concern within both Australia and

the partner countries for the project (Thailand and
Pakistan). Despite considerable progress during the
course of the project, the new knowledge has not been
finalised and is not as yet embodied in a single package
suitable for Australian farmers to adopt if it were to
prove profitable. In this case, we were unable to quantify
the benefits of this project to Australia.

Net benefits

250

Costs —— Benefits

20.0

10.0

Million Australian dollars

200 L4 bbb 1

O O O
= [ e

T Y % T
> = o v o ©

B EEE
N S A S

Note: figures are in 2002 dollars. A 5% discount rate has been used.

Figure 8. The cumulative stream of benefits, costs and net benefits of the research. Note: figures are in 2002

dollars. A 5% discount rate has been used. Source: Centre for International Economics’ calculations
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Table 20. Economic gains to Pakistan attributable to the research

Note: all figures are in 2002 rupees and were converted from nominal to real using the world development indicators (World Bank 2006b)

Pakistan price index.

Source: Centre for International Economics’ calculations (2007)
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Year Fuelwood Wheat Seed cotton Total gain Total gain
(million rupees) (million rupees) (million rupees) (million rupees) (AS'000)
1997 0.0 0.0 0.0 0.0 0
1998 ............... R 0 0 0.0 o
1999 ............... Y 0 0 0.0 o
2000 0.0 00 00 0.0 0
2001 20 0.0 0.0 20 62
2002 ............... 0 0 0 20 6
2003 ............... 53 0 0 53 w o
2004 53 00 0.0 53 124
2005 19.2 0.0 0.0 19.2 423
2006 ............... w2 04 3 19.8 57
2007 ............... w2 TR s 205 w
2008 19.2 1.2 0.8 212 476
2009 ............... wo T T 217 s
2010 ............... wo 0 TR 223 so1
2011 ................ we 7R Y 227 s00
2012 186 29 19 233 524
2013+ """"""""""" w2 330 » 226 o7
Source: Table 13 Table 17 Table 18
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Table 21. Economic gains to Thailand attributable to the research

Note: all figures are in 2002 baht and were converted from nominal to real using the world development indicators (World Bank 2006b)

Thailand price index.

Source: Centre for International Economics’ calculations

Year Fuelwood Rice Total gain Total gain
(million baht) (million baht) (million baht) AS 000
1997 0.0 1.4 1.4 59
1998 ‘‘‘‘‘‘‘‘‘‘‘‘‘ - R - . - e o
1999 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ O.O,‘ ................. . R W . e -
2000 0.0 55 55 240
6.0 6.8 129 560
6.0" .............. 8‘2” 14.3" ''''''''' 611
6.0" ............... 9.6" 15.7" ''''''''' 581
6.0 11.0 171 576
6.0 124 185 602
121 R 13‘8” 25.9" ''''''''' 907
2007 121 R 13.8" 25.9" ......... 875
2008 121 139 259 876
2009 121 139 26.0 877
2010 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ - R 13.9,‘ ,,,,,,,,,,,,,,,, 26‘0,‘ ,,,,,,,,,, o
20”+ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 12.0,‘ ,,,,,,,,,,,,,,,, B R s e o
Source: Table 14 Table 19
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Table 22. Total benefits and costs (A$ million) of the ACIAR research and related extension activities over 50 years

Year

Australia Pakistan Thailand Total
Research | Extension Net Extension Net Gross Gross Net
costs (A) | costs (B) welfare costs (D) welfare costs (F) benefits benefits
gain (C) gain (E) =A+B+D (G) (H)
=C+E =

38
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Year

Australia

Pakistan

Thailand

Total

Research
costs (A)

Extension
costs (B)

Net
welfare
gain (C)

Extension
costs (D)

Net
welfare
gain (E)

Gross
costs (F)
=A+B+D

Gross
benefits
(G)
=C+E

Net
benefits
(H)
=G-F

2022
2023
2024
2025
2026
midé}mm
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038

0.000

0.000

0.000

0000
0.000 §
0.000 f
0.000 i

0000
0000
0000
0000
0000

0000
0000
0000

0.000 .

0000

0.000

0.000

0.000

0000
0000
0000
0000
0000
0000 |
0000
0000
0000

0000
0000
0000

0000
0000

0.507

0.507

0.507

0.507
0.507

0.507

0.507
0.507
0.507
0.507
0.507
0.507

0.507
0.507
0.507

0.507
0.507

0.000

0.000

0.000

0000
0.000 §
0.000 f
0.000 i

0000 |
0000 |
0000
0000
0000

0000
0000
0000

0.000 .

0000

0.876

0876
0.876 §
0876 f
0.876 i

0876
0876
0876
0876
0876
0876
0876
0876
0876
0876 |

0.876 .

0876

0.000

0.000

0.000

0000
0.000 §
0.000 f
0.000 i

0000
0000
0000
0000
0000

0000
0000
0000

0.000 .

0000

1.384

1.384

1.384

1384
1386
138
138
1384
S

1384
1384
138 1,

138 1
13861
1381

1.384 : .

1381

1.384
1.384
1.384
1.384

1.384
1.384
1.384

Source: Tables 1-2

Table 3

Table 20

Table 3

Table 21

Note: all figures are in 2002 dollars and were converted from nominal to real using the world development indicators (World Bank 2006b)

Australian price index.

Source: Centre for International Economics’ calculations

Table 23. Discounted net benefits and costs of the ACIAR-funded research from 1989 to 2038

Discount
rate

Gross costs (A)
(AS million)

Gross benefits (B)
(AS million)

Net benefits (C)
(AS million)

Benefit:cost ratio
(D)=B/A
Ratio

Internal rate of
return (E)
%

169

49.8

208

232

24

263

14.0

329 §

-123 '

295

57%

1.12

0.53

Table 22,
discounted sum
of column F

Table 22, discounted

sum of column G

Table 22,

¢ discounted sum of

column H

Note: All dollars in 2002 Australian dollars

Source: Centre for International Economics’ calculations
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6 Conclusion

This report has examined the impact that the ACIAR
research project “Tree growing on salt affected soils,
as well as some closely related ACIAR projects and
extension activities, has had in Pakistan and Thailand.

The research identified the benefits of using specific
Eucalyptus and Acacia species to treat salt-affected soils
to improve the productivity and value of marginal and
abandoned land.

While the uptake of the research has been slow, in part
due to the time period between initiating the research
and the extension projects being implemented, net
discounted benefits from treating salt-affected soils do
exist. They exist, however, only at a discount rate lower
than 5.7% (the internal rate of return).

At a farm level, the evidence suggests that farmers,
while they could benefit from using the research
findings to treat salt-affected land, are unlikely to take
up the research results without additional subsidies and

encouragement.

Without the AusAID funded pilot study and the
follow-up ‘Pakistan community development project
for the rehabilitation of saline and waterlogged land’
project, it is possible the research would not have been
taken up on a scale sufficiently large enough to justify
the research costs.

The low uptake of the research also suggests that alter-
natives to bioremediation of salinity problems do exist;
for example, groundwell drilling and gypsum treatment
may be more economically viable than approaches

based on eucalypts and acacias. This is evident in the
follow-up extension project in Pakistan, the ‘Pakistan
community development project for the rehabilitation
of saline and waterlogged land (phase II), being funded
by the Asian Development Bank and the United Nations
Development Programme. Under this project, it is
planned to treat 80,000 hectares of salt-affected land.

In addition, the phaseIT activity under the AusAID-
funded pilot study intends to treat the land using
gypsum and to not rely specifically on the ACIAR
research. This switch in emphasis between phases I and
IT (along with the low adoption rates) implies that it
was not cost-effective for farmers to use the research
and techniques.

This finding is not unique. Another project undertaken
in Pakistan by the United Nations Development
Programme found that farmers were not interested in
using eucalypt plantations. Rather, they undertook their
own benefit—cost analysis and concluded they were
better off growing traditional crops (Haider 2002).

Overall, the project has a positive benefit:cost ratio of
1.12 using a 5% discount rate. At this discount rate, the
total benefits of $23.2 million exceed the total costs of
$20.8 million by $2.4 million. This is equivalent to an

internal rate or return of 5.7%.
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IMPACT ASSESSMENT SERIES

No. Author(s) and year of publication  Title ACIAR project numbers
1 Centre for International Control of Newcastle disease in village chickens 8334, 8717 and 93/222
Economics (1998)
2 George, PS. (1998) Increased efficiency of straw utilisation by cattle 8203, 8601 and 8817
and buffalo
3 Centre for International Establishment of a protected area in Vanuatu 9020
Economics (1998)
4 Watson, A.S. (1998) Raw wool production and marketing in China 8811
5 Collins, D.J. and Collins, B.A. (1998)  Fruit fly in Malaysia and Thailand 1985-1993 8343 and 8919
6 Ryan, ).G. (1998) Pigeon pea improvement 8201 and 8567
7 Centre for International Reducing fish losses due to epizootic ulcerative 9130
Economics (1998) syndrome—an ex ante evaluation
8 McKenney, D.W. (1998) Australian tree species selection in China 8457 and 8848
9 ACIL Consulting (1998) Sulfur test KCL-40 and growth of the Australian 8328 and 8804

canola industry

12 Waterhouse, D, Dillon, B. and Biological control of the banana skipper in Papua 8802-C
Vincent, D. (1999) New Guinea
13 Chudleigh, P. (1999) Breeding and quality analysis of rapeseed CS1/1984/069 and CS1/1988/039
14 McLeod, R, Isvilanonda, S. and Improved drying of high moisture grains PHT/1983/008, PHT/1986/008
Wattanutchariya, S. (1999) and PHT/1990/008
15 Chudleigh, P. (1999) Use and management of grain protectants in China PHT/1990/035
and Australia
16 Mcleod, R. (2001) Control of footrot in small ruminants of Nepal AS2/1991/017 and AS2/1996/021
17 Tisdell, C. and Wilson, C. (2001) Breeding and feeding pigs in Australia and Vietnam
AS2/1994/023

18  Vincent, D. and Quirke, D. (2002) Controlling Phalaris minor in the Indian CS1/1996/013
rice—-wheat belt

19  Pearce, D. (2002) Measuring the poverty impact of ACIAR projects—a
broad framework

20  Warner, R. and Bauer, M. (2002) Mama Lus Frut scheme: an assessment of poverty
reduction

21 Mcleod, R. (2003) Improved methods in diagnosis, epidemiology, and AS1/1983/067, AS1/1988/035,
information management of foot-and-mouth disease ~ AS1/1992/004 and AS1/1994/038
in Southeast Asia

22 Bauer, M, Pearce, D. and Saving a staple crop: impact of biological control of CS2/1988/002-C

Vincent, D. (2003) the banana skipper on poverty reduction in Papua
New Guinea

23 Mcleod, R. (2003) Improved methods for the diagnosis and control AS1/1984/055, AS2/1990/011
of bluetongue in small ruminants in Asia and the and AS2/1993/001
epidemiology and control of bovine ephemeral fever
in China

24 Palis, FG, Sumalde, Z.M. and Assessment of the rodent control projects in Vietnam ~ AS1/1998/036

Hossain, M. (2004) funded by ACIAR and AUSAID: adoption and impact
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25  Brennan,).P. and Quade, KJ. (2004)  Genetics of and breeding for rust resistance in wheat CS1/1983/037 and CS1/1988/014
in India and Pakistan

26 Mullen,).D. (2004) Impact assessment of ACIAR-funded projects on ANRE1/1992/028 and
grain-market reform in China ADP/1997/021

27  van Bueren, M. (2004) Acacia hybrids in Vietnam FST/1986/030

28  Harris, D. (2004) Water and nitrogen management in wheat—maize LWR1/1996/164

production on the North China Plain
29  Lindner, R. (2004) Impact assessment of research on the biology and FIS/1983/081
management of coconut crabs on Vanuatu

30  van Bueren, M. (2004) Eucalypt tree improvement in China FST/1990/044, FST/1994/025,
FST/1984/057, FST/1988/048,
FST/1987/036, FST/1996/125 and

FST/1997/077
é 1 ......... Pearce D (2005) ......................................... Rewe W of A C I A RS rese arCh o n agn c u|wral po“cy ...............................................................................
2 Tingsongliangand Pearce,D.  Shelflife extension of leafy vegetables—evaluating  PHT/1994/016
(2005) the impacts
B VewD.(os) Research Into conservarion tlage for dryland LWR2/1992/009, LWR2/1996/143

cropping in Australia and China

34  Pearce, D. (2005) Identifying the sex pheromone of the sugarcane CS2/1991/680
borer moth

35 Raitzer, D.A. and Lindner, R. (2005)  Review of the returns to ACIAR’s bilateral R&D
investments

37  Mcleod, R. (2005) Management of fruit flies in the Pacific (CS2/1989/020, CS2/1994/003,
(CS2/1994/115 and CS2/1996/225

38  ACIAR (2006) Future directions for ACIAR’s animal health research

39 Pearce, D., Monck, M., Chadwick, Benefits to Australia from ACIAR-funded research FST/1993/016, PHT/1990/051,

K. and Corbishley, J. (2006) CS1/1990/012, CS1/1994/968,

AS2/1990/028, AS2/1994/017,
AS2/1994/018 and AS2/1999/060

40  Corbishley, ). and Pearce, D. (2006)  Zero tillage for weed control in India: the CS1/1996/013

contribution to poverty alleviation

41 ACIAR (2006) ACIAR and public funding of R&D, Submission to
Productivity Commission study on public support for
science and innovation

43 Harris, D.N. (2006) Water management in public irrigation schemes LWR2/1994/004 and
in Vietnam LWR1/1998/034
44 Gordon, ). and Chadwick, K. (2007)  Impact assessment of capacity building and training: CS1/1982/001, CS1/1985/067,
assessment framework and two case studies LWR2/1994/004 and
LWR2/1998/034
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