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Watershed development has been conceived as one o‘f the important rural devel’opment proegrammes in
- India where the rainfed agriculture is characterised by low productivity, dégraded natural resources and

WIdespread poverty, Recognlsmg the lmportance of watershed development for their perceived ability to

promote agriculture and rural development both Ceniral and State governments make huge investments

on- watershed development arid management As million” of rupees are’ invested on watershed
development it is essential that the programme have positive impact. It is In this context the Impact
Assessment of Watershed Development and Management assuines importance.

leﬂcult|es in the assessment of Watershad Development impact stem from its own multl—faceted nature. .-

Watershed development changes (at differsnt spatial and temporal scales) and is assessed in terms of
multiple objectives, such as poverty alleviation,. tesiliehce, and soil and water resources conservatlon
and hum n soclal development, that reflect the Heeds and expectations of different stakeholders.

an intervention oni‘ its phy5|oal surroundings, the people

lmpact assessment estimates: the effe

L involved, andl'or the organrzatrona[ con xt‘ and reférs to short term outpufs of products, medium tarm
result, -and longer term’ corsequenc

“or . outcomes “and is a crucial corponent of the watershed
development and management paolicy, makirg. lmpact assessment facnltates informed. decision-making
‘.of different stakeholders. The s keholders rgnge from Jocal farmers, cormmunity

: :‘organrzatrons governments o external development oriented organlzetlons and researchers and policy
“makers. Assessment of the progress and changes effeote "by atershed development activities over a

specn‘:ed time period requires a systematrc and contini monltorlng process In addition, an
evaluation process permits identifications of broader posmve and nagative’ outcomes of watershed
treaiment activities and to reach conclusion about their overall effectiveness in. reachlng projected

cbjectives. Impact assessment of watershed development can’ eedback into planmng and prlontlzatlon

process.

The present volume is’ the outcome of -a national seminar on "impact Assessment of Watershed
Development : Conceptual and Methodologlcal Issues" organised by Water Technology Centre, Tamil
Nadu Agricultural University, Coimbatore. It contains valuable papers on different themes such as
Theoretical and Empirical Issues in’ Watershed ‘Impact Assessment, Decision Support System for
Watershed Development Planning and Evaluation and Experiences and case studies in relation to
impact assessment of watershed develoopment. The book attempts to provide a forum for discussing

various issues in relation to impact assessment of watershed development. It is hoped that this effort of

ours will enhance understanding of the issues involved and aid in proper policy framewark. Also the
book would be very -much useful to the researchers, scholars, NGOs, PIAs, government officials,donor
agencies and policy makers and planners
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Inh‘oductuon

‘Natural resource management (NRM) is an impertant issue to be addressed Carefully,

more so in the semi-arid tropics where majority of the rural livelihoods are dependent

~on agriculture: Water scarcity and land degradation are the major constraints along

with poor socio-economic conditions and lack of infrastructure for increasing
agricultural productivity of rainfed systems. The sustainability of production, soil
quality and other environment resources are the major impact factors of INRM. With

~ watershed as an enfry point, assessing the impact of 1ntegratecl natural resource,

management (INRM) interventions offer useful information on the performance of
agricultural watersheds. Pathways of impact in watersheds are multi-pronged (Fig. 1)
and complex demanding critical analytical framework to assess the impact of

. watersheds. Agricultural interventions typically involve opening closed natural

systems thaf may have attained certain equilibrium: Such products as food, feed,

fuel, etc. are exported from the system resulting in more outflows than inflows. When

this happens, unless outflows are complemented by external inputs, resource
productivity will gradually decline. Land degradation is a commonly used term to
describe this situation and refers to the productivity loss and/or diminishing ability
of land to provide such essential ecological services as groundwater recharging,
carbon fixation and storage, detoxification of harmful compounds, and water
purification. In order to minimise the process of degradation and to maintain
productive capac1ty and ability to provide ecosystem seirvices for present and future
generations, various natural resource management (INRM) options have been
developed and 1rnplemented (Wam et al., 2004).

Economists and natural resource experts have long struggled to assess the broader
economic and environmental impacts of INRM technologies. This has been a difficult
task because such technologies are not separately developed and marketed as

~ divisible component inputs like seeds. Typically INRM practices are developed in an
integrated approach to improve biophysical conditions and are used in conjunction -

with other yield enhancing inputs. Hence, the direct economic benefits derived from
such technologies are not always evident and are generally attribuited to such other

- inputs as improved seeds. The new paradigm of integrated natural resource

management {(INRM) aims to provide multi-disciplinary solutions in a coordinated
manner to achieve livelihcod and sustainability objectives. Moreover, -several

interventions leading to impacts such as availability of drinking water in the village,
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increased self dependence, happiness, satisfaction of empowerment, development of

institutions which enable the community to cope with adverse conditions are such-

which cannot be measured in economic terms. However, the full social impact of
INRM cannot be measured directly using conventional methods of economic

evaluation (Shiferaw et al., 2004). Therefore, appropriate qualitative and quantitative
indicators of biophysical, social and: institutional impacts on varying spatial and

time scales are needed. A good indicator must be sensitive enough to show temporal
and spatial changes, predictable, measurable and interactive. Assessing INRM impacts

will need new methods, tools and multidisciplinary teams of expefts to understand |

and accurately quantify the benefits. Some non-marketed agro-ecosystem services
and environmental benefits are especially difficult to recognise and quantify. Such

tools as simulation modelling, geographic information system (GIS), and satellite-

imaging used in conjunction with traditional productivity-based techniques can bte

‘used to estimate some impacts. Productivity-based indicators (e.g. biomass and crop

yields) at micro levels need to be complemented by indicators like the vegetation
index at eco-regional levels using satellite images and GIS tools. Simulation
modelling is also useful for verlfymg and extrapolating results to larger scales and

for studymg long term effects.
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Fig. 1. Eight arms of holistic development

The criteria and indicators for monitoring INRM impacts related to various ecological
A functions and ecosystem services are described. Indicators used for assessing soil
] quality, water availability and quality, monitoring changes in the flow of such other
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‘ecosystem services as biodiversity conservation, carbon sequestration and ecosystem . -

- regulation, ‘and tools .and ‘methods available to monitor and estimate the impacts

associated with adoption of INRM technologies on various scales (use of simulation

~ 1models to estimate biophysical changes, how.remote sensing and GIS tools can be

“used to monitor spatial and temporal changes) are presented subsequently. The key
issues and areas for future research are highlighted.: '

Endicators of INRM Impact . L o
Endicators need to reflect the biological, chemical or physical attribu_tes of ecological

conditions to characterise current status and predict significant change. With a.

Foundation of diagnosticresearch, an ecological indicator may also be used to identify

rnajor ecosystem stress. Munasinghe -and McNeely (1995) suggested the index of

‘biophysical sustainability, soil and water conservation, efficiency of fertiliser use,
efficiency of energy use, and the productive perforthance of forests as important INRM
indicatdrs. Ramakrishnan. (1995) introduced such additional indicaters as
rmanagement practices, biodiversity and nutrient cycles. Smyth and Dumanski (1993)
stated that good indicators aré measurable and quantifiable like environmental
statistics that measure or reflect environmental status or changes in resource
conditions. .For land evaluation and farming -systems analysis, FAO (1992)

distinguishes between cropping, farming, sub-regional; regional, and national

systems. The precision lével and the purpose of a given indicator will change if it is
‘extrapolated to'a higher scale and time step. Indicators for assessing INRM technology
irmpacts ate selected according 'to data availability, data sensitivity to temporal and

- spatial change, and the capacity of the data to quantify the behaviour of given

agricultural systems. Table 1 presents commonly used and potential indicators for
monitoring INRM impacts, : - '

Biodiversity Indicators ‘ - . ‘
Natural resource management affects biodiversity on various scales. Indicators are

required to assess the impacts of INRM interventions on-natural and managed

ccosystems. Biodiversity is the sum total of different kinds of diversities such as
species diversity within communities, genetic diversity, i.e. the variety of individuals
within populations, and life form, floristic, and functional diversities. Biodiversity

. provides many benefits, Its reduction influences the structure, stability and functions

of ecosystems and diminishes the flow of valuable ecosystem goods and services to
humans (Erlich and Erlich; 1992). Some of these benefits come in the form of goods
that ¢an be directly valued and costed while other Critical indirect benefits to humans
are difficult to value and quantify (Freeman et al., 2004; Shiferaw et al., 2004}. These
benefits include such ecosystem services as air and water purification, climate
regulation, soil formation, and the generation of moisture and oxygen. '

Biodiversity 01_5.? any scale. can bé measured with -ﬂorai, fauna and species diversity of

- different types. The term species diversity or biodiversity at first instance means the
number of different species found in a given area, but it must take into account the -

relative abundance of all the different species. Indicators are needed to measure the




Aséessing Impact of Integrated Natural Resource Management Technologies in Watersheds 41

. outcomes related to changes in biodiversity for species richness, diversity, and risk

‘index.
TaBle 1: Indicators for monitoring biophysical and sustainability impacts of INRM
interventions — S '
Criteria .  Indicators
1. Biodiversity - o = Species richness

.

Species diversity

Species risk index ‘

Index of surface percentage of crops {ISPC)

Crop agro-biodiversity factor (CAF)

Genetic variability

_ Surface variability

3. Agro-ecosystem efficiency - ¢ Productivity change

: Cost-benefit ratio

Parity index

Greenery cover/vegetation index

Carbon sequestered

Reduced emissions of greenhouse gases

Reduced land degradation/rehabilitation of

degraded lands o :

5. Soil quality ® - Soil physical indicators (e.g. bulk density, water
infiltration rate, water holding capacity, water

* logging, soil loss, etc.) .

* Soil chemical indicators (e.g. soil pH; organic C,
inorganic C, total and available N, P and other
nutrients, CEC, salinity, etc.] .

» Soil biological indicators (e.g. soil microbial
biomass, soil respiration, soil enzymes, biomass N,

‘ diversity of microbial species, etc.) ‘

6. Water availability and quality s Quantity of fresh surface water available

S ' ' Fluctliations in groundwater level
¢ Quality of surface water and groundwater

2. Agro-bicdiversity

L4, Environmental services

& a4 % o

Source: Wani et al;, 2004,

Agro-biodiversity Indicators

Agricultural biodiversity or agro-biodiversity includes cultural and spiritual

dimensions of biodiversity together with the practical and economic values of gaining

sustainable rural livelihoods for poor people (Altieri, 1999). Agroﬁiodiversity includes

in which farmers use the natural diversity of the environment for production. It
includes farmers’ choice of crops, and management of land, water, and biota
{Brookfield and Padoch, 1994). It goes beyond the concept of species ‘and genetic
diversity of plants and animals to incorporate other aspects of the farming system
related to agriculture, namely: genetic resources, crops and non cultivated edible
and non edible beneficial plants, livestock, freshwater fish, beneficial soil organisnis;
and naturally occurring biological pest and disease control agents {insects, bacteria,
and fungi). The concept also includes habitats and species outside farming systems
that benefit agriculture and enhance ecosystem. functions. |

A




- changing the CAF from 0.41 in 1998 to 0.73 in 2002 (Wani et al, 2003b).
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. Natural resource management interventions can engender significant changes in

the state of agro-biodiversity (Thrupp, 1998). Agro—biodiverSity has therefore been

.used-as an important criterion for agricultural sustainability (Table 1). There are no.

‘universally accepted indicators of agro-biodiversity. Some practifioners suggest that
the index of surface percentage of crops (ISPC), crop agro-biodiversity factor (CAF),
- genetic variability, and surface variability factors can all be used as useful indicators
. to monitor changes in agro-biodiversity (McLaughlin and Mineau, 1995). The ISPC
expresses the ratio between the number of crops that represent 50% of the cultivated
area and the number of crops commercially cultivated. The CAF indicates the
relationship between the number of major crops in a given area and the crops that
are agro-ecologically adapted to the prevailing management systems. Genetic
variability or diversity refers to variation in the- genetic composition within or among
species. From traditional Mendelian methods to DNA-based molecular techniques
--provide precise information on genetic variability (Noss, 1990). To some extent,
genetic variability in agro-ecosystems can also be inferred qualitatively from the
proportional area of a given cultivar within the total cultivated area of that crop. For
example, agro-ecosystems where single varieties or hybrids occupy a large share of
the cultivated area indicate limited genetic variation. -Surface variability refers to
the area covered by agricultural crops in a given agro-ecosystem (Merrick, 1990).
For example, regions with a'large number of crops with similar aerial coverage will

have higher surface variability than those dominated by only a few crops. How changes N

in agro-biodiversity can be 1ised to monitor the sustainability related impacts of INRM
" technologies is illustrated using information on crop diversity and surface percentage
of crops that represent aspects of the stability and balance of agricultural systems at
the watershed level. The examples given for watershed Kothapally (India) show how
such quantitative indicators as CAF, and surface variability of main crops have
changed as a result of integrated watershed management interventions. During 1998-
2002, more pronounced impacts in terms of increasing agro-biodiversity were

. observed in a 500-ha micro-watershed at Kothapally, Ranga Reddy district, Andhra,
Pradesh, India, In this watershed the farmers grow a total of 22 crops, and a remarkable

- shift has occurred in the cropping patterns from .cotton {200 ha in 1998 to 100 ha in
2002) to a maize/pigeon pea intercrop (40 ha in 1998 to 180 ha in 2002}); thereby

Agro-ecosystem Efficiency Indicators -

Agro-ecosystem efficiency can be -approximated through various productivity and
economic efficiency indicators. Crop yield is a land productivity indicator that reflects
the efficiency of the system (soil, solar energy, water, etc.}, with regard to genetic
potential, ecological conditions, management, capital investment and labour 1se. It
denotes the production of economic yield and total plant biomass from application of
various inputs from a given parcel of land during a given period. It is used as a
biological parameter for the evaluation of a system’s behaviour and reflects its: state
at any given time. It is perhaps the best-known functional characteristic of agro-
ecosystems and-is widely used as a criterion for the assessment of both the biological
and economic sustainability.of agricultural systems. To assess the impact of INRM
technologies, yield parameters sometimes converted in terms of economic returns
serve as important indicators. Further, since yield is a final product that takes into
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account soil and other growing conditions, time-series yleld data from a given system
can directly indicate the dynamics and sustamablhty of the system.

At ICRISAT, Patancheru, operational .watersheds have been maintained over the last
26 years and sciéntists have compared the productivity impacts of different INRM
options on Vertisols {(Wani et al.,, 2003a). The best practice included: improved soil

and water conservation options such as grassed waterways; land configuration

[broadbed-and-furrow (BBF) on grade]; integrated nutrient and pest management
options; recommended varieties of maize intercropped with pigeonpea; plant

‘population and crop husbandry. The farmers’ traditional management practice
‘included: rainy-season fallow; and flat land cultivation with post rainy-season

sorghum grown on stored soil moisture with application of lO t/ha farmyard manure
once in 2 years. -

The productivity and sustainability impacts of INRM options were tested using time
series yield data during 1977-2003 (Fig. 2] along with soil quality parameters. Crop-

yields increased under both' management practices, but the annual productivity
growth under improved management (78 kg/ha) is significantly higher than that
under traditional management (26 kg/ha). The improved system with an. average
productivity of 4.7 t/ha has a higher carrying capacity {18 persons/ha) than the

' traditional system with 0.95 t/ha (4 persons/ha). Improved maﬂagement is better
.able to respond to 1ncreasmg populatlon pressure ‘while higher incomes enhance

farmers’ capacity to invest in more- sustamable practices.
8

T ' ' Observation potential yield

[=)]
1

Rate of growth| - - :
78 kg/ha/yr - = . . Carrying capacity|
\ S 18 persons/ha

Carrying capacity
4 persons/ha

- Grain yield (t ha"]
A

2 _
{|Rate of growth Sorghum A
41 26 kg/ha/yr :

0 ] 1- LS 1 i I [] t 1 - L ] 1 .r |. ¥ 1 1 1 L] T I ¥ 11 I |.

197778 79 80 81 B2 83 84 85 86 87 88 89 9091 92 93 94 95 96 97 98 99 00 01 022003

Year

Flg 2. Average grain yields under improved (A) and traditional (B) technologxes
on a Vertisol watershed at ICRISAT (1977-2002)
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\ _’Tﬁe potehti_al yield can also be estimated for a fully optimised prodﬁcﬁon situation

using crop simulation models with a fixed limiting constraint .such as soil-water -
availability. The gap between the potential yield that is often greater than that.

- Attainable under experimental conditions, and yields under farmers’ growing
- <onditions is often referred to as a yield gap’. In this sense, INRM impact can also be

<stimated in terms of the extent to which improved INRM succeeds in reducing the
ield gap. The larger the reduction in the vield gap,. the higher the success of the
intervention in optimising production. Singh et al. (2002) used this approach to
identify the soybean-growing districts where high yield gaps existed and to identify

Locations where the yield gaps could be bridged using improved INRM interventions . .

to increase soybean productivity at the district level (Table 2). A similar approach’
was also applied in an operational-scale watershed to assess the potential of improved
soil, water, nutrients and Crop management options for soybean-based systems at
ICRISAT (Singh et al., 1999). : ' '

‘Table 2. Simulated soybean yields and,yigid gap for the selécted locations in India

Location ‘Mean Harvest - Simulated yields Mean yield
sowing date fkg/ ha) . observed gap

date : : . " Mean SD .| Yield® (kg/ haj

: : ‘ . g/ ha) :

Raisen 22 Jun I1Oct 2882 . 1269 ° — —
* Betul o 19Jun . 8 Oct 2141 603 858 1283
Guna’ 30Jun 14 Oct . 1633 ‘ 907 - 840 793
Bhopal 16 Jun 8 Oct 2310 615 1000 1310
Indore 22 Jun 10 Oct 2273 939 1122 1151
Kota -~ 3 Jul - 16 Oct 1165 936 1014 151
Wardha 17 Jun © 6 Oct - 3040 640 1042 1998
Jabalpur 23Jun 11 Oct - - 2079 382 896 '+ 1183
Amaravathi | 18 Jun 8 Oct ‘ 1552 713 942 - 610
Belgaum’ 17 Jun . 30 Sep : 1844 629 ] - 570 . 1274

. ®Mean of reported yields during 1990- 1995,

Related to the productivity measure, various economic efficiency indicators like the
benefit-cost ratio can also be computed to evaluate the efficiency of agro-ecosystems.
Such indicators can be used to evaluate the economic feasibility of various cropping
systems and sustainability enhancing INRM .options (Tisdell, 1996). Simple ecoriomic
productivity indicators like the benefit-cost ratio can be computed at the farm level
to determine the economic benefits to fartners of adopting new management practices.

© Another related economic indicator is the Parity Index that compares the relative

efficiency of different crops or income-generating options in response to a given

~ intervention. The relative index is computed as a percentage or ratio of the option -

that provides the highest net return. When data on benefits and costs are available,
such simple agro-ecosystem efficiency indicators can be computed relatively easily.
The challenge is in estimating the parity indices when some of the non-market
benefits and costs are difficult to value. Application of environmental valuation
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methocis can be useful approaches to est1mate the eff1c1ency of the system in such
51tuat10ns

Bno»physnco chemical Indicators

To diagnose and quantify the impacts of various INRM interventions, reliable and
measurable soil quality indicators are important as they reflect oh the inherent

capacity of the soil to perform its production and environment related functions ‘

(Pathak et al., 2004). An example of use of some of the indicators for monitoring soil
quality in crop production systems is shown in Table 3. The long-term effects of

improved and traditional management on soil chemical and biological properties of

Vertisols show that soil organic C, total N.and available N, P'and K, microbial biomass
C and N were higher in the improved than in the traditional system (Wani et al,
2003a). ,

Table 3. Bidlogical énd chemical prdperties of semi-arid tropical vertisols in 1998 after
24 years of cropping under improved and traditional systems in catchments at
ICRISAT center, Patanchern, India

‘ ' : ' Soil depth.fcm)

Properties System 0-60 60-120 SE+
Soil respiration - Improved 723 . 342 7.8
(kg C ha-1) : Traditional - 260 98 '
Microbial biomass C Improved - - 2676 B o 22137 482
(kg C/ha) ‘ Traditional . . | 1462 1088 S
Organic carbon - Improved . 27.4 19.4 0.89
(t C/ha) ' | - Traditional 214 18.1 ,
Mineral N | Improved ' 28.2 103 | = 288
(kg N/ha). - | Traditional 154 260 .|
Net N mmera11zat1on . Improved 33 6.3 4.02
(kg N/ha) ' Traditional . | . 326 154 .|
Microbial biomass N . | Improved 86.4 © 302 2.3
(kg N/ha) : Traditional N S42.1 © 258 S

~ Nen- rnlcroblal orgamc N. 'Im'proved , C2569 . 1879 - 1569
(kg N/ha) | Traditional | . 2218 1832 . | .
Total N e Improved . 2684 1928 | 1866
(kg N/ha) ‘ Traditional ‘ 2276 | 1884
Olsen P . | Improved 6.1 - 16 0.36
(kg P/ha) - | Traditional 15 1.0 '

SE = Standard error of mean
Source: Wani et al., 2003a _

- Environmental Services Indicators

Various environmental services such as groundwater recharging, reducing silt load -
and nitrate concentrations in the runoff water, carbon (C} sequestration in vegetation
and in the soil, soil formation, reducing Ievels of greenhotise gasesin the env1ronment
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extc. generated through INRM are very important but generally difficult to assess using
conventional economic methods. Moreover, the benefits of the environmental services
rmay occur off-site, i.e. far away from the point of INRM interventions. Existing policies
and legal frameworks in many developing countries are not able to properly value
the environmental services provided by land-use systems and such ecosystem
s ervices as those generated by INRM investments. For example, the effects of

d eforestation, land degradation or environmental degradation on global warming

and climate change are difficult to quantify and assess. Similarly, it is difficult to
a ssess the effects of environmental improvements assdciated with INRM investment
practices. Measurement problems and off-site effects complicate the process of
monitoring such changes. However, with the advancement of science and technology,
- new methods and tools are evolving to quantify these environmental benefits. A good
example is the measurement of C sequestration benefits from improved INRM, where
some progress is being made at the global level. In 1997, the Kyoto Protocol to the

- United Nations Framework Convention on Climate Change established an

international policy context for reduction of carbon emissions and increased carbon
- sinks in order to reduce global warming and effects on climate change. This has
drawn attention to INRM practices that sequester more carbon from the atmosphere.
In February 2005, the Kyoto Protocol is operationalized under which the principle
that polluters pay is established. C sequestration in soils not only reduces atmospheric
CO, concentrations but also improves the organic matter status and overall fertility
of soils. There is great interest in C sequestration in soils and numerous strategies
including technical and policy issues for increasing C in cultivated land have been
identified (Wani et al., 2003a; Smith, 2004). The application of nutritive amendments
required for biomass production, including the chemical fertilisers that provide N, P,
S, ete. (Viek, 1990, Wani et al. 2003a) .and organic amendments, and diversification
of monocropped cereal systems through inclusion of legumes, all favour build-up of
soil C and the improvement of soil quality (Wani et al, 1994, 2003a; Paustian et al.,
1997). It is clear that soils can sequester C and reduce the atmospheric concentration
of CO,. ' '

Several soil and crbp management practices affect C sequestration in soil. Lal (1999)

reviewed the role of various practices on C sequestration potential in soil (Table 4).

According to him conservation tillage, regular application of compost at high' rates,
integrated nutrient management, restoration of eroded soils, and water conservation
management all have a relatively high potential for sequestering C and enhancing
and restoring soil fertility. ' : ‘

The level of C sequestered by agricultural, agroforestry, and agri-horticultural systems
can be quantified using suitable biochemical methods based on data collected from
long-term experiments. The amount of C sequestered by vegetation is quantified by
assessing biomass accumulation and the C content of the biomass using standard
methods of C estimation. Carbon sequestered in soils is estimated by analysing
samples from different soil profiles and calculating the stocks in the profile using

the bulk density for a given depth and the area covered by a particular system under-
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study. Followmg the Kyoto Protocol, C sequestered by agricultural and INRM systems
once quantified in C units, can now be valued in economic terms.

Table 4. Carbon sequestration potentxal of various land management practlces under
dryland conditions

Manoegement practice ' ‘ C sequestration potential {t C/ ha/yr)
Conservation tillage - - : 0.10-0.20
"~ Mulch Farming (4-6 t/ha/yr) e 0.05-0.10
Compost application {20 t/ha/yr) - 0.10-0.20
Integrated nutrient management 0.10-0.20
Restoration of eroded soils ) 0.10-0.20 .
Restoration of salt-affected soils =~ o 0.05-0.10
Water conservation management 0.10-0.30
 Afforestation o 00.05-0.10

Source; Lal (1999)

Using this approaéh, Bruce et al. (1999) recorded an annual soil C gain of 0.2 t/ha on
pasture and rangelands in the United States following adoption of best management

practices. In the SAT of India, Wani et al. (2003a) evaluated the effect of long-term (24 -
years) improved management of Vertisols on C sequestration and reported a difference.

of 0.3tC / ha per year attributable to INRM. Under improved soil fertility (60 kg N and
20 kg P/Ra per year) and land management (BBF to drain excess water) and cropping

systems {maize/ pigeonpea 1ntercrop) the soils contained 46.8 t C/ha in 120 cm soil .

_ profile as compared to farmers’ traditional management practices that contained 39.5
~ t C/ha. This amounts to a gain of about 7.3 t C/ha over the 24-year period,

Based on the work conducted by Wani and associated through the NATP project
(NATP, 2004), the investigation on 28 benchmark spots covering 52 pedons across 5
bio-climatic zones in the semi-arid tropics, India through systematic studies and
documentation of soil parameters vis-a-vis the management interventions helped to
identify 22 systems comprising of forest (2 nos. ), fallow (1 no.), horticulture (2 nos.)
and agriculture (17 nos.). Highest concentration of or ganic carbon (1.44%) was under
forest system, followed by permanent fallow (1.42%], horticultural system (0.80%},

agricultural system (0.70%) and wasteland (0.47%). The sequestration of i inorganic

. carbon on the other hand was found to be highest in horticultural system and -

agricultural system (0.80%), followed by wasteland (0. 70%) and forest system (O. 16%)
(NATP-terminal report, 2004)

Growmg knowledge on the C- sequestraﬁon benefits of INRM ophons and the

possibilities for C trading have opened new opportunities for C-based rural -

developrnent in many poor regions where the relative returns to agricultural land
‘use are low (d’ Silva et al, 2004). However, several hurdles remain in harnessing
such initiatives for commumty development. For other environmental services, more
work is needed in’ the area of quantification and policy development,
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Simulation Modelling for the Estimation of Biophysical Changes

Simulation models are mathematical representation of various processes of soil, plant
and climate systems in the form of computer programs that describe the dynamics of
crop growth in relation to the biophysical environment. They require soil, climate,
crop, and management data as inputs and produce output variables describing the
state of the crop and the soil at different points in time. The models are used to
evaluate soil and crop management options for a given environment, to extrapolate
the results of management strategies over time and space, and to study the long-
term effects of INRM on productivity, scil quality, and the enviroriment. Before the
models are used to do this, they must be validated with.observed field data for the
specific soil-plant processes to be evaluated. Selection of a model ‘depends on its
strengths, the purpose for which it is used, and the availability of input data in a
given environment for model operation. Table 5 provides a summary of different types
- of simulation models. . o o '

‘Table 5. Simulation models and their potential application

. Acronym o Extended name - Purpose/ Simulation ' ‘.
"~ APSIM-. . Agricultural production systems Effect of agr_onofnic management practices
‘ simulator ‘ on crop productivity and changes in soil

_ ‘ . properties o ,

APSIM-SWIM | Agricultural production systems - | Effect of agronomiic practices on crop pro-

simulator-soil water infiltration ductivity and soil processes using SWIM

and movement S module . )

CENTURY — o Change in nitrogen (N), organic carbon (C),

phosphorus (P}, and sulphur (S) in the soil
due to changes in agronomic management
of various. land use systems

CERES-RICE | Crop estimation through resource | A component model of DSSAT v 3.5
environment synthesis for rice S o :

DSSATv 3.5 Decision support systems for agro- | Effect of agronomic management practices

technology transfer, version 3.5 - | on crop productivity and changes in soil
_ - o ‘properties B - :
PERFECT Productivity, erosion, runoff . Effect of various conservation techniques
. functions to evaluate conser- on runoff, soil erosion and crop productivity
: vation techniques - ' L o ‘
RothC-26.3 | Rothamsted Carbon model, . | Carbon changes in the soil in response to
| version 26.3 o _ various land and crop residue management
, o S practices . '
SCUAF | Soil changes under agroforestry - | C and N changes in soils in response to

o ‘ land clearing and agronomic management
' . , of agroforestry systems .

SIMOPTZ- A simulation-multi-criteria opti-~ | Optimise productivity and N Iosses using
MAIZE misation software for maize | CERES-MAIZE model
WATBAL | A simple water balance model Estimate the soil moisture regimes of a site

from readily available climatic data




es
ol

),
2l
nt

Ul-ll

LRI g,

Assessing Impabt of Integrated Natural Resource Management Technologies in Watersheds o 49

Detailed empirical research over a period of time and space is required to quantify
the impacts of improved management on these desirable outcomes. However, such
long-term studies are costly and time-consuming; simulation models provide a cost-
effective and efficient complementary approach to long-term field experimentation
for ex-ante analysis of the long-term impacts of INRM options. These models have
often been validated on a plot or field scale. On a watershed scale, the models can be
integrated with GIS to study spatial variability effects on crop production and the
state of natural resources, enhancing their capability for up-scaling and user-friendly
mapping. Thus, the models are useful when undertaking temporal trend analyses,

" and when incorporating a spatial component to assess the INRM impact on various

processes governing sustainability. For example, considering past trends and current
management. practices using simulation models, Fisher et al. (2002) assessed the
long-term (25-50 year) impact on crop yields of climatic change including the
occurrence of droughts. ‘ '

Impacts of Land Surface 'Management on Runoff, Soil Erosion and Productivity -

Runoff, soil loss and nutrient depletion are the major agents of human induced land
degradation (Pathak et al, 2004, and Sahrawat et al. 2004). Freebarin et al. (1991)
used the results of two long-term field experiments to develop coefficients for soil
processes and to validate the PERFECT model for two sites in Australia. Then they

- used the model to assess the impact of various management practices such as crop /

fallow sequences, tillage, and effects of various amendments that modify soil physical -
processes. Long-term (100+ years) simulated results showed the decline in yields.

- associated with soil erosion and removal of the previous season’s crop stubble from .

the field. Singh et al. (1999) used DSSAT v3.5 to assess the impact of two land surface -
configurations on surface runoff and yields of soybean and chickpea using
experimental data (2 years) and historical weather data (22 years). It was found that
in most years BBF decreased runoff from the soil, but had a marginal effect on yields
of soybean and chickpea. The decreased runoff was associated with an increase in
deep drainage and reduced soil loss. Wani et al. (2002) used a simple WATBAL model
(Keig and McAlpine, 1974) along with GIS to assess the available soil moisture and
excess runoff water available for harvest at the district level. Nelson et al, (1998) used-
the APSIM model to evaluate the sustainability of maize crop management practices
in the Philippines using hedgerows to minimise land degradation. ' o

Impact of Nitrogen Management on Leaching

Field experiments conducted in environments with highly variable climates may
give misleading results, as the years in which they are conducted might not represent
the long-term average. In such cases, simulation models provide a rigorous
mechanism to assess the long-term risks of specific management options. Verburg et

- al. (1996} using the APSIM-SWIM model assessed the long-term (33 years) impact of

different irrigation management strategies and N application on sugarcane yield

 and nitrate leaching. Alocilja and Ritchie {1993) used the SIMOPT2-MAIZE model to

investigate the trade-offs between maximised profits and minimised nitrate leaching. -




Singh and Thornton’ (1992) simulated the effects of various nutrient management
strategies on N leaching from rice fields in Thailand using the CERES-RICE model.
The results obtained from g 25-year simulation suggested that on well-managed
clayey soils, medium-~ to high-input agriculture can be highly productive and

same period.

Shepherd and Soule (1998) developed a farm simulation model to assess the long-
term impact of existing soil management strategies on productivity, profitability, and
sustainability of farms in western Kenya. The model linked soi] management practices
with nutrient availability, crop and livestock productivity, and farm economics, A

_ wide range of soil management options was simulated, including crop residue and

manure management, soil erosion control measures, green manuring, crop rotations,

~and N and P fertiliser application. The dynamic model was applied for Vihiga district

in western Kenya, and was used to assess the sustainability of the existing systems

- using three household groups (farms) in the area. It was shown that the low and

medium resource endowment farmg had declining SOM, negative C, N and P budgets,
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farmers can invest in INRM options that improve profitability without sacrificing long-
term sustainability, : , .

Carbon Sequestration

Conducting long-term experiments could also be used to monitor the changes in
soil C coritents associated with INRM investments. Alternatively, soil C simulation
models can also be used to simulate the impact of INRM interventions on C
sequestration in soils on farm and catchment scales. The most commonly used models
are RothC-26.3 (Coleman and Jenkinson, 1996} and CENTURY (Parton et al., 1987).
More recently DSSAT v 3.5 (Gijsman et al., 2002) and APSIM softwares have also
incorporated soil C balance subroutines to simulate soil C change along with analysis
of crop productivity, The simulation approach avoids long-term experimentation and
the models can be validated using empirical data along with known biochemical
relationships in the soils. Probert et al. (1998) used the CENTURY and APSIM models
to examine the effects of tillage, stubble management and N fertiliser on the
productivity of a winter-cereal-summer-fallow cropping system in Australia. Both
models predicted that for this continuous cereal cropping system there would be a
decline in SOM (organic C = SOM/1.72). : -

Furthermore, the C stocks at regional or ecoregional levels can be calculated using
GIS and measurements of C at benchmark sites for a given soil series and management

| system. Velayutham et al. (2000) calculated C stocks in India using information on

soil series and measurements at benchmark locations that were extrapolated using
GIS techniques. S ' :

Menitoring Spatial and Temporal Dynamjcs of Agro-ecosystems

Natural resource management interventions result in multi-faceted biophysical

impacts including the-establishment of vegetation cover,; reduction in soil loss,
increase in the number and spatial coverage of water bodies, changes in water quality,
and groundwater recharge. These changes can be monitored over space and time. .

Remote sensing and GIS are the most suitable tools for monitoring such spatial and
temporal dynamics. By providing synoptic and repetitive coverage at regular intervals,
remote sensing offers high potential for monitoring observable changes. In situ air
and/or spaceborne spectral measurements are made to detect various natural and/
or cultural features, GIS is a tool used to store, retrieve, analyse and integrate spatial
and attribute data. The system helps to generate development plans by integrating
information on NR with the ancillary information and to develop a decision-support
system.

Impact assessment of INRM technologies/interventions often involves the evaluation

.and monitoring of changes in selected indicators at a reference site. For this purpose,
‘the reference site needs to be characterised in terms of its natural resources and

environmental conditions. Remote sensing holds very good promise for providing
information on changes in land use /land cover, quality of surface water, vegetation
cover and dynamics of degraded land, which can in turn be used as indicators of

agricultural sustainability. Since INRM is implemented on various scales ranging
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from plot/farm to watershed and river basin, impact assessments also need to be
anade using a database with a matching spatial scale. In this context, spaceborne/
airborne spectral measurements with varying spatial resolution, ranging from about
1 km (geostatmnary satellites) to the sub-metre level (Quickbird-II mission), provide
the desired details of terrain features that enable assessment of the impact of diverse
b1ophys1cal INRM impacts. How spaceborne multispectral data could be used to
xmonitor the spatial and temporal dynamms of agro-ecosystems is discussed here.

‘Vegetation Cover

Amongst various biophysical parameters relevant to INRM, impact assessment,
wvegetation density and vigour, and above ground biomass can be detected from
spaceborne spectral measurements. Higher reflection in the near infrared region
(NIR} and considerable absorption in the red region (R} of the spectrum of green plants
enables their detection using remote-sensing techniques. Absorption in the red region
is due to the presence of chlorophyll in plant leaves, while reflection in the NIR
region results from the inter-cellular space of plant leaves. Various vegetation indices
' - normalised difference vegetation index (NDVI), transformed vegetation index (TVI),
soil-adjusted vegetation index {SAVI)- can be derived from spectral measurements
- that are related to biomass, vegetation density and vigour, and crop yield. The NDVI
. ismost commonly used as a surrogate measure of the vigour and density of vegetation,
and is computed from spectral measurements in the red (0.63-0.69 uym) -and near-
infrared (0.76-0.90 yum) region. NDVI can be used as an indicator of change in relative
blornass and greenness.

Monitoring Changes in Surface Water Resources

Because of its characteristic absorption feature in the near 1nfrarecl reg1on of the
electromagnetic radiation, surface water is easily detected in remotely sensed images.
The high transmittance of incident radiation in the blue region (0.45-0.52 um) enables
the discrimination of clear water from turbid water. The turbidity causes most of the
incident radiation in the blue region to reflect, resulting in a higher spectral response
Lathrop and Lillesand (1986) used Landsat-TM data to assess water quality in
Southern Great Bay and West Central Lake, Michigan, USA. The temporal change in

:

the spatial coverage of reservoirs after INRM interventions has been studied in the .‘
Ghod catchment. While the water spread in the reservoir was about 3 ha in 1985, it
increased to 16 ha by 1999 following the implementation of soil and water
conservation measures {Natmnal Remote Sensing Agency, 2001a). .

i

Momtormg the Dynamics of Degraded Lands

Natural résource management interventions in degraded land areas often result in
improvements in soil quality and gradual improvement in vegetation cover.
Spaceborne multispectral images have been extensively used to inventory and study
the dynamics of eroded lands (Wu et al., 1997), saltaffected soils (Dwivedi et al., 2001},
waterlogged areas (Wallace et al., 1993), areas of shifting cultivation (Dwivedi and
Ravi Sankar, 1991) and the land affected by tanneries’ effluents (National Remote
Sensing Agency, 1999}
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Eroded Lands _

Investment in soil conservation measures in a given area, generally, results in
reduced soil loss, reduced soil erosion, and improved soil moisture status, and
vegetation cover/biomass. The extent of land degradatlon is directly related to ground
cover that can be quantified using remote sensing data. An example of eroded lands

_in the ‘rg2h’ mini-watershed of the Ramganga catchment, Uttaranchal Pradesh,

northern India, during the periods 1985/86 and 1999/2000 shows that there has
been substantial shrinkage in the spatial extent of moderately eroded lands with
concomitant increase in the slightly eroded category (National Remote Sensing
Agency, 2001b). In' 1985 an estimated 691 ha of land suffered due to moderate soil
erosion. By 1999, this had been reduced to 457 ha while the slightly eroded category

' expanded to 1128 ha from 901 ha in 1985

‘ Social and ]nstltutlonal Impacts and Learnings
 Watershed management programs are moving more towards holistic community

participatory, empowering community and impact oriented (Wani et al 2003- "ADB)

* one. Building institutions and social capital through empowerment is one of the

important pathways of impact in-the watershed programs. These benefits cannot be
assessed through simple econometric impact assessment methods generally adopted
There is an urgent need to develop, adopt and include qualitative and semi-

-quantitative indicators for assessing social, institutional and pshycological impacts

on people due to watershed development. This re-emphasises the need for
multidisciplinary team of scientists to assess the impact of watersheds programs

_hohstlcally as agamst the conventional compartmental impact assessment methods.

A key source of evidence needed for impact assessment is the momtorlng and
evaluation carried out within the project, which also provides real-time information

necessary to facilitate the adaptive management of all stakeholders necessary for |

successful INRM. Effective monitoring and evaluation should be based on a shared
view amongst the stakeholders of the outcomes they expect the project to contribute,

“and how these outcomes contribute to larger-scale developmental impact through 7 1
"knowledge generation and diffusion, emergence and evolution of innovation . |

networks.and creation of organisational capabilities (Douthwaite et al., 2004)

Conclusion

Assessing the multi- dlmensmnal 1mpacts of INRM interventions— espec1a_11y in non-
tangible environmental services, institutional and social impacts— is not an easy

task. Monitoring selected indicators through direct observation during and after

project implementation or through simulation modelling is a useful approach that

~ will enhance options for evaluating the impacts of INRM interventions. Difficulties

on various scales could be overcome through the application of such available tools
‘as GIS and remote sensing. Off-site impacts on ecological functions and ecosystem
services such as the effects on water quality, land quality, siltation, groundwater

recharge, and C sequestration can also be assessed by systematic monitoring using

remote sensing and ground-truthing measurements.
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e Agrb—biodiversity and agro-ecosystem efficiency indicators can be applied on different

spatial scales. The impacts of INRM technologies on C sequestration and other
ecosystem services can be either measured directly through long-term studies or
simulated using agro biological simulation models. The latter approach is becoming -
- increasingly popular as long-term experimentation and monitoring become either
impossible or highly costly. However, the approach requires climatic and agronomic
data to estimate potential impacts by calibrating the models to specific local
conditions. Remote sensing in conjunction with in-situ observations/measuréments
'(ground—truthing) offers tremendous potential in providing timely information on
the spatial extent and temporal behaviour of various indicators on scales ranging
from micro-watersheds to regional/ecoregional. Remote sensing methods are being
used to monitor changes in land resource conditions, vegetation dynamics, surface
water resources, and to assess changes in levels of land degradation. .

- In the future, the impact of INRM on such environmental services as C sequestration
and groundwater recharging could also be monitored or derived from satellite images
as new satellites equipped with an array of sensors are launched. On a watershed
scale, crop si}mulation' models and water balance models can be important tools for
evaluating the biophysical impacts of proposed interventions. Several indicators
including those for agro-biodiversity and agro-ecosystem efficiency could also be
useful at the micro-watershed level. Such recently launched satellites as Resourcesat- -
1(IRS-P6} with varying spatial resolution ranging from 56m from Advanced Wide
Field Sensor (AWFS) to 23m from LISS-III to 5.8m from LISS-IV offer unigque
‘opportunities to monitor biophysical impact indicators on different spatial and
temporal scales. Integrating panchromatic data with 2.5-m and 1-m spatial resolution
from such future earth observation missions as Cartosat-1 and Cartosat-2, will further
enhance the value of data from the Resourcesat-1 satellite.

Despite the technological advances and the impressive progress made in the last few
years, there will be a need for future research to enhance and develop methods and -
indicators to assess INRM impacts on ecoregional scales. Such indicators will
complement and enhance economic approaches for evaluating the impacts of INRM
interventions, especially on larger spatial scales. Certain benefits such as aesthetic,
satisfaction derived by the farming community due to the positive impact of INRM
interventions in watershed need to be accounted. Methods and indicators for the
quantification of various difficult-to quantify environmental services and for
monitoring such non-quantitative impacts as effects on implementation processes,

~ policies and institutional arrangements, changes in social capital, and capacity
~ building and empowerment of local communities will also need attention in future
research. ' '
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