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Environmental Aspects of Social change:

Agenda for statistical research

Anil K Gupta

The variability, complexity, simultaneity and change in any environmental parameter affect different social segments variously. Some social groups have capacity to cope with stress better.  They have homeostatic advantage due to either accumulated surplus or access to institutions, technology and social networks. The degree, frequency or the kind of data they would need for maximizing their survival, growth and well-being will be quite different from the ones who do not have such an access or surplus. It is truism to say that same phenomenon can be studied from the point of various stakeholders and the parameters which each stakeholder may be interested in may or may not completely or partly overlap. 

Statistical tools enable us to look at the same phenomenon through various standpoints, in different time frames and with different degrees of errors and confidence interval.

Conceptually, one can  (a) appreciate, (b) influence or (c) manipulate any environmental process or condition. It is also true, as said above, that the same phenomenon which some can just appreciate or influence, others can manipulate with ease. The values underlying any analytical approach are not often made explicit and the result is that those who are weak or cannot influence our agendas or choice of variable, the nature of measurement and degree of confidence interval, suffer because our research strengthens the hands of those who can influence us. 

There are five dimensions of environmental change, which I will discuss in this paper:

a) Access and exploration (sustainable or otherwise) of a given resource by human and non human sentient groups (sentience itself can be a subject of investigation from ethical point of view, should our responsibility rest only towards those who belong to sentient groups)

b) Degree of variability, its measurability and its impact on conceptual space of any variable in our research programs,  

c) Time frame in which studies of change in a given resource need to be made so that short and long term feedback effects are captured in stochastic manner on various social segments and associated natural resources in a co-evolutionary perspective 

d) Development of new tools that can enable weaker sections of society to monitor change in various environmental parameters so as to increase their degrees of freedom, their ability to use resources sustainably, and also help in regenerating the resources around them (for example use of GPS by tribals, fishermen and women, pastoralists, for monitoring of their territories by miners, trawlers,  or other exploiters of resources). Other stakeholders can develop similar tools for use as well. 

e) Inter-species, sectoral and spatial feedback effects in any ecological systems can be studied with in a given set of boundaries which in turn are defined by policy makers or public administrators with or without taking into account these interactions. How to determine these boundaries over time and space such that meaningful analysis can be made and long term forecast for renewability of resource can be made.

While studying these dimensions, I will restrict myself generally to natural resource related interfaces, such as biodiversity (agro, as well as wild, aquatic, terrestrial, avian etc.), impact of climate change on agricultural and aquatic life support systems, technological development and trade-off between accuracy, efficiency and cost (economic, environmental, and social) at which these are achieved (for instance, why should all technologies be screened at five or one per cent level of confidence, if at ten or twenty per cent the cost can be lowered enormously); the strategies for conservation of germplasm (what should be sampling size over space, and species of different kind for in situ and ex situ conservation); how to ensure that certain kind of measurements (such as gene frequency or dispersal at some specific loci in indigenous tribal populations)  are not used for any purpose without their explicit involvement and approval and that such a data is not used to cause any harm to them or their environment if that is  vital for expression of such a gene to give  them adaptive advantage; how should climate changes impacts  be studied and the information shared with local communities so as to empower them to evolve their strategies.

It is obvious that various problems that need to be studied using statistical tools will also require involvement of other disciplines.  But the issue is what kind of coalitions strengthen and widen the decision making choices of weaker sections of society in such a manner that environmental change does not further impair their coping strategies with r without public policy support. How to create a constituency for perfect strangers that is unborn and the unknowable (what do the wild species think about us, very difficult for us to know) so that resource use strategies of present generation does not foreclose the options of future generations. 

The Problem:

Increasing cleavage between the expectations of people having high energy and resource consumption and waste oriented lifestyles vis-à-vis the people living on the edge is causing tremendous social tensions in most developing countries.   It is obvious that the security of the non-sustainable lifestyles depends to a considerable degree on the programmes, institutions and cultural mechanisms which keep disadvantaged people vulnerable and therefore, amenable to exploitation and disempowerment.  The discipline of statistics makes it possible to highlight the patterns in the variability of not only the resource supplies but also the consumption styles.  The interpretation of these patterns is of course guided by our values and also political positions.  Prof.Amartya Sen drew our attention to this problem in his seminal contribution on, “Description as a Choice” (1981).  He pointed out that the characterization of the vulnerable people first as `poor’ and then as ‘weaker section’ in the later plan documents shifted the focus from issues of advantages and disadvantages to lack of ability and strength among the poor.  He further added, alluding to the classical problem of ‘F’ twist that one need not take only the extreme positions while dealing with theories which predicted right but had weak or invalid assumptions vis-à-vis the theories which had strong assumptions but did not have the same predictive advantage.  In his view description of a social phenomena involved a trade off between accuracy and goodness.   A good description need not be accurate.  Statistics helps in making these trade offs explicit.  The fact that descriptions can be used for prediction as well as prescription makes the task of social analyst highly value laden.  

When problem of environmental stress caused by unequal access to and inappropriate way of use of, natural resources by different social segments led to forced migration of disadvantaged people from rural to urban or other rural areas, some scholars and activists term this phenomena as that of  ‘ecological refugees.’  A problem of institutional and technological iniquity was converted into just an environmental problem.  Likewise, uncertainty in water supply in rural areas leads to over irrigation and thereby decline in the quality of soil, productivity of agriculture, and in some places, water logging while in others decline of water table.  This problem can be converted into a technological or environmental problem depending upon the standpoint of the analyst.  In each case, apart from characterizing the problem from one or the other knowledge domain, the underlying source of tension is the variability in resource supply and its impact on equity and efficiency in its utilization.  Statistical tools make it possible to uncover not only the nature of variability and complexity but also the simultaneity of several changes in environmental and social variables.  

In this paper I try to discuss five dimensions of environmental change and identify specific statistical problems to which no satisfactory solution seems to be existing.  

A) Access and exploration of a given common property or open access or state owned resource by human and non-human actors:

B) Degree of variability, its measurability and its impact on the choice of variables in our research programmes.

C) Determination of valid timeframes to capture short and long term feedback effects on nature as well as various social segments in a co-evolutionary perspective

D) Tools to enable weaker sections of the society to monitor changes in environmental parameters and their ability to deal with these changes in a sustainable manner.

E) Portfolio analysis of inter species, inter sectoral and inter spatial feedback effects in an ecological system within a given boundary so as to ensure sustainability of resource utilization and renewability.   For example, the sampling design for in situ conservation of agro biodiversity in rainfed conditions requires dealing with variability in spatial, species and climatic parameters.  

Agenda for analysis:

A.
Access and exploration of a given common property or open access or state owned resource by human and non-human actors:

a.  
Access and dependence on CPRs:  The dependence of different social classes on a given common property resource for meeting their survival needs is not uniform.     Some who have higher access to or ownership of private resources may depend less on a given common property resource though may in actual effect use it more.   The following matrix illustrates the situation.  
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It is obvious that mode of access and the extent of need need not be symmetric.  The problem arises when we have to generate estimate incentives that different social segments may have to conserve a given common property resource.  We often ignore the portfolio of choices and preferences that different households have while calculating the incentives.  This is a problem which has not been resolved methodologically in any systematic manner.  The preference curves may not be linearly associated with the degree of dependence of extent of access.  Estimation of incentives would require residual dependence of households taking into account the access and the need of a given resource.   The problem may become more complex if we bring in the issue of variability in timeframes.   The assumption is that lesser the access, shorter the timeframe  in which a household may apprise the outcomes from a given investment.  Since access is not uniform to resources governed  by different property regimes, the timeframes in which one apprises one’s options may also not be uniform (Gupta, 1981).  In the conventional analysis of multi enterprise budgets, we assume uniform timeframe and the discount rate.  In effect, there is a value judgment involved in such an assumption.   

b. Sustainability of exploration: Most natural resources deplete on use except resources like air or sunlight (which are pure public goods and the quality of the same is indeed affected by the nature and degree of use).  The consumptive and non-consumptive use of a resource influences the institutional dilemma that arise in managing use of those resources.  A bio informatic specialist may only be interested in looking at the density distribution, abundance, pest creator interactions, food chain and food web analysis for the wildlife by observing and in a few cases collecting a small samples of skate or other such products.  

c.   Ethical dilemma in data collection, validation, feedback and analysis:

In eco system analysis, collection of this kind of data imposes some ethical constraints such as (i) should sample of rare and endangered plants be collected at all if the collection is likely to aggravate the process of biodiversity erosion, (ii) how much disturbance should one cause to the wildlife and for how long even if the information so obtained is likely to be used for designing better conservation models (iii) what kind of discipline one should maintain regarding noise, tracking, leaving food materials or waste thereof and other such intrusions which might interfere with extremely limited and endangered biodiversity (iv) should the data so collected be first shared with the local communities living in the forests even if they have not participated in the study, (v) should the objectives of this study be not explained to the communities and their prior informed consent be obtained before initiating the study, (vi) local communities have cultural beliefs which involve certain taboos and sacred boundaries or identity of  animate or inanimate objects which need to be respected.

Statisticians have only lately been concerned with the ethical dilemma as evident in human genome projects.  A declaration on ethical code of conduct needs to be evolved by ISI Calcutta which may in due course be submitted for discussion and approval to all scientific association to collect data and analyze it.  Despite the lone furrow that Honey Bee Network has been ploughing for last ten years, we have not been able to convince any researcher of any discipline to agree to first share his or her findings with the providers of data.  The feeding back of the data and its analysis not only improves the quality of data and help avoid some major blunders but also helps in generating new kind of data.  It is only when we share the data and its analysis with the local communities or other providers of data they begin to understand what exactly we were trying to do.  Having understood the offer of new insights which we would not have obtained without sharing the interim analysis.  I have argued that this body of new data cannot be generated by any other method known to me so far. 

d. The framing of enquiry is another major issue where substantial rethinking needs to be done.  I will take two examples of the frequently found error.  In the survey of agri input analysis, large number of survey questionnaires include a question asking farmers to report the quantity and level of inputs they apply to each crop.  Farmers, of course, give some answers.  However, the fact is that farmers never apply input just to a crop but actually they applied it to a plot.  The plot may have unique history which may warrant different doses of inputs compared to another plot.  By not understanding the decision-making complexity of the household, we may draw invalid inferences.  Second example is research on perception of and response to risk.  Different methods have been followed including game theoretic choices, actual stakes of money or in kind payments, thematic aptitude tests, use of stories to generate responses, and using metaphors to elicit preferences.  For instance, in a fieldwork relating to a study on household economy in semi arid regions in 1978, a farmer was finding difficult when I tried to pose different combinations of mean yield and prospective variance in this yield of a proposed crop variety vis-à-vis the existing variety.  After a while, the farmer got exasperated and said, “you are asking as to how many stairs will I claim so that if I fall I don’t break my limbs”.  This may not have been an exact translation of my question but it did capture a fair amount of the puzzle that I was posing.  Since lot of public policies involve making assumptions about perceptions and response to risk under varying conditions of (i) existing endowments, (ii) previous experience, (iii) immediate past experience, (iv) preferred gains in future, (v) access to institutions and (vi) minimum threshold level of subsistence below which the household would not like to jump.  The assumption of a step wise function in which as the extent of variance in the outcomes declines, the extent of one time game that a household needs starts declining till the steps start assuming the shape of a marginalist curve.  We need to develop proper statistical models that can help us generate reliable estimates of the risk return functions that local communities use while exploring biodiversity or using other natural resources.  As mentioned earlier, while apprising preferences about the risk return analysis regarding a common property resource, household may indeed take into account the existing assets and dependence on private and public resources for meeting the same need say grazing or water.  

B.    Degree of variability, its measurability and its impact on the choice of variables in our research programmes.

Most environmental resources suffer from variations which are difficult model beyond a reasonable limit.  For instance, the predictions about rainfall in different years and in different regions can be predicted with reliability only may be ten days or fifteen days in advance.  The error margins increase as we advance the period of fore warning.  In the case of rainfed crops the variability in the grain and fodder components is invariably different.   The former is much higher and the later is much lesser.  There are three problems here.   We do not ascertain generally the weight farmers assign to different components in the ideotype.  The selection index ignores local knowledge with gender and class preferences incorporated in the weighted pass coefficient analysis or various parameters in the important outcome.  Almost 90 per cent of the rainfed crops are still screened only on their mean and variance in grain yield ignoring their direct contributions such as influence on soil fertility, fodder, husk and other by-products and indirect contribution such as effect on wind erosion, soil texture and structure, renewability of soil microbial diversity, nutrient budget, fodder quality and quantity as preferred by different livestock species.   The role of companion crops often characterized as weeds is even less well understood.  There have been some studies on use of ‘weeds’ (I prefer to call them as companion crops) as indicator of soil mineral properties.  We should develop reliable models for doing grid analysis of the whole field so that only as much external input is supplemented to each segment of the grid as is necessary.  This approach of position farming has been developed ecological agriculturists for a long time and yet no systematic experiments and analytical statistical models have yet been developed.  We will have to look at the interaction between crop livestock and trees through appropriately designed portfolio models.  Much of the farming system research is devoid of analytically rigorous statistical designs and functions.  Eventually, we will have to develop expert systems with the ability to incorporate micro and macro meteorological parameters of a given region with known longitude and latitude for varying periods of time.  This is an area which will have tremendous pay offs in making rainfed agriculture more sustainable and even the statistical science might be enriched by incorporating real life risk hedging models of the farmers.  

C. Determination of valid timeframes to capture short and long term feedback effects on nature as well as various social segments in a co-evolutionary perspective

The central issue in this case is as mentioned in point  A and B above.  The timeframe that we need to take for collecting and analyzing data in a multi vectorial optimization model of a household or a community.  to illustrate the differences in the time frame, let me take three examples viz., tree, crop and labour.  In case a household as a daughter to marry off at an age of 16-18 years he may often plant a tree species which may mature around the time when marriage is due for harvest and sale.  Despite the conventional understanding that poor people have a short timeframe due to their limited access to private and public common resources, studies have shown that tree density on cultivated field is inversely correlated to the land size in a semi arid regions of Haryana (Gupta 1984).  There are other cases observed in north Arcot district where tribals indulge in forward trade in slow growing species.  Depending upon the deficit in their household budget, the tree buyers offer an amount and thereby become  the owner of the tree.  (Natarajan, personal communication 1989).   The household will still maintain the tree as long as the buyer may desire to wait before he harvests the same.  Unlike fast growing species, slow growing species of trees obviously command not only higher maturity value but also higher discounted value.  Since deficit in the household budget in case large number of marginal farmers and some landless labourers is almost a rule (Bhardwaj 1974), it is inevitable that households try to reduce this risk through a variety of short and long term-oriented strategies.  When it comes to labour the issue of migration is critical as to who, how many should migrate to where, when, for how long and with what resources to accompany and leave behind.  In different parts of the country, different kinds of practices have evolved which involve short and medium and long term contracts for panning by the livestock, grazing, labour and sharing of calves, kids and other products. In the case of crop, depending upon the on set, duration and cessation of rainfall in rainfed regions of eastern and western India, farmer may decide whether to allow the monsoon crop to complete its life cycle or be harvested as a fodder so as to sow a winter crop in time to exploit the residual moisture optimally.  If we can understand the heuristics underlying these tradeoff we can generate both policy, institutional and technological choices far more varied and rich than available at present.  

D) Tools to enable weaker sections of the society to monitor changes in environmental parameters and their ability to deal with these changes in a sustainable manner.

In an earlier paper entitled, “Ecological Complexities and Environmental Uncertainties: The Statistical Challenges or Is Optimal Ambiguity Zero?” my submission was that:

Statistical challenge in the areas of high risk environments is obviously of a different kind and therefore we may have to evolve new heuristics of approximation which will prevent us from getting too close to the real numbers.  And perhaps therefore make the pattern apparent.   I am sharing my ignorance by suggesting certain areas in which I find people involved very intimately at grassroots level and without much success in dealing with the underlying risk and uncertainty.  I will draw some cues from the indigenous knowledge of sampling and pattern analysis without hypothesizing how statisticians can deal with it.  Not because I do not want to do it but because it is simply beyond my competence.  To that extent I am trying to be consistent with my submission of maintaining optimal ambiguity not being zero.  

a.   In linguistics, Chomsky and Campbell have argued that the cross cultural variability underlying basic rules is much lesser than the one underlying the language itself.  Halliday, Mclntosh and Strevens  (1964:23)
 state what is obvious, `since the purpose of the theory is to account for the largest number of events as simply as possible, this means that the theory of grammar is more powerful than the theory of lexis.  So in making a description of any language we try to bring out as much as we can within the framework of grammar'.  

Apparently the linguists use Beysian analysis while choosing elements of structure within a verbal group.  In Russian the authors observe, `you must choose between perfective and imperfective, in Chinese you first choose whether to choose or not'.  Because Chinese have apart from these two a third aspect of neutrality.  European languages tend not to have these neutral terms whereas several east Asian languages reportedly do.  

When we analyze language, how do we deal with variance:”variation is both an index of function and an index of the different ways in which accounts can be manufactured” 
(Wetherell and Potter, 1988:171)
.  Let us take two analogies from nature to take this issue forward.  Konrad Lorenz has influenced a whole generation of ethologists but also those who have some thing to do with reason and its evolution in our minds         (something most of us claim is our business!). Riedl, drawing upon his work suggests two inferences from the problem of   pattern recognition in uncertain world, (a) after observing the angle of branches, fins, feathers and so on, besides a skirt of a women, cover of a microscope, bell flower, bell of a church, he wonders why nature seems to prefer the shape of normal curve. And he then infers: nature is very parsimonious. It has very few designs and it plays with them all the time. (b) while interpreting the probability of coincidences , he observes that tick require blood of mammal for its survival. Consequently ticks have a job to do. They have to find mammals among all natural objects. They need a heuristic which is simple and reliable. It is supposed to have an inheritable program which makes it stop on smelling butyric acid and “allows it to drop from branches and on touching some object at 37 degree centigrade, to pierce it. This “definition” of the mammal in the “world view” of the tick cannot be surpassed either in simplicity or in certainty of success. Error is almost is excluded (Riedl, 1981, 1984:30)
.

What do Eskimos do when they have such large number of words for snow and coastal fishermen for waves?  Is it true that the variance in the same phenomenon is perceived and patterned by people dependent for survival on a natural resource differently than say the people whose survival does not depend on such a resource. Why should dependence on a resource make patterns visible? Assuming that each word is a concept and a category and these patterns are coded in words of a language.  Does it mean that statisticians can learn something about patterning from the people surviving on the margin of society?  Are we then suggesting that language of the underclass may provide some clues about the way we understand uncertainty in a phenomenon and deal with it?  Not necessarily. The elite may have an equally rich taxonomy of wines, tea or canines just as poor peasants may have of clouds, soils, and bullocks.  The issue thus is to learn from the heuristics of those who observe a phenomenon intensely and reduce the underlying complexity through some simple rules.

b.     How can we capture simplicity underlying a complex ecological phenomenon?  Can methods be a problem? 

Another Sufi tale helps us get into the heart of the problem:

Someone told Uwais el-Qarni that a certain dervish sat on a tomb, 

dressed in a shroud and weeping.

                  Qarni said:

‘Tell him that the method has become an idol; he must transcend the practice, 

                 for it is an obstacle.’

Statistical tools for dealing with ecological complexity have to deal with what I call Type 1 and Type two blinkers:

Type one blinker prevents us from realizing the problem of knowing too much about a sub system could be a reason for our not knowing even moderately about the other parts of systems. The disciplinary boundaries are a logical result.

Type two blinker prevents us from understanding any one part even reasonably well because of our obsession to understand all the linkages in the system. 

Perhaps we have to devise tools which can overcome both the customs and generate reasonable degree of assurance about future outcome. Some of the illustrative areas where we need to discover better tools, perspectives and heuristics are:

(i) On farm research in problems  soils and rain fed regions.

It is well known that coefficient of variation is generally more than 30 per cent in replicated trials in these regions. There are several peculiar problems which arise in different kinds of conditions. For instance salinity and alkalinity patches arise in a seemingly random manner. However, the sub soil drainage which influences the pattern of patches may not be all that random.

(ii) Variability in mono cultures

For a long time, it has been assumed that the well endowed  regions having mono culture crop cultivation deal with more or less  uniform condition. To some extent in the early years of green revolution, the uniformity in soil and water conditions was evident. Of late, the variability in micro environment has generated a mosaic of conditions for pests, diseases and soil mineral profiles. Tools to capture this kind of variability with overlay of uniformity (of soil, drainage or other socio cultural conditions) will have to deal with second order and third order variations.

(iii) Indigenous Soil and Water Management: Designing variable structures

Given undulated catchments, the hydraulic pressure on the bund is likely to be uneven and therefore people have often evolved appropriately variable structures. The dynamics of this variability is still poorly understood despite availability of GIS and other softwares. The problem becomes more complex in rainfed regions where sub soil permeability may itself be variable.

Conceptually all the three cases described above deal with multi layer phenomena in which each layer follows different rules of variability. Different layers interact among themselves and with the upstream and downstream interactions in unpredictable manner. Once the variability in grass and tree cover is super imposed, the complexity increases further. The challenge is to simplify the complexity without losing too much of information and control. 

(iv) Pollution effects on terrestrial, aquatic and aerial diversity

The complexity of molecular drift, its interactions with other molecules in nature and consequent change in the drift, flow, assimilation and or precipitation is quite high. The modeling of this complexity will become very crucial for survival during accidents, extra ordinary climatic changes and other human use factors.

(v) Biotechnology and predictable response

The variability in the tissue cultured plants years ago warned the scientists of the inherent danger in assuming uniformity when there was none. This raises another kind of problems which is going to become more and more tough. Lot of work in embryology has relevance for this kind of problem.

(vi) Growth dynamics of multi species habitats

Forests with different species of plants, water bodies with different organisms and aquatic animals and other diverse habitats pose problem of estimating growth or decay in a predictable manner. The ecological problems become more complex when our understanding of inter species interactions does not grow at the pace at which the complexity grows.

(vii) Plant variety regulations

One of the requirements of the future plant variety protection regime will be to establish distinctiveness, uniformity and stability (DUS) for locally developed varieties as well as for scientifically developed varieties. If farmer’s selection has to be accepted and if a variety so selected  shows variability over a short time and space, appropriate models for establishing stability over long time periods and over large distances (through pooled variance) will have to be developed. 

(viii) Sampling criteria for estimating productivity of non cultivated land and non exploited water bodies.

Large number of poor peoples in our country derive their subsistence through the use of open access or common property resources. And yet there is no estimation system of the productivity of the resources. Even from the point of view of eco system monitoring, such a strategy is certainly called for.

c.   Learning from the survival ethic

What I have tried to argue in this paper is a three-pronged approach to deal with ecological complexity and environmental uncertainty through statistical analysis, modeling or heuristic.

i) Recognizing the patterning behaviour of local communities and experts dealing with variability in nature to identify new heuristics

ii) Understanding the challenge inherent in the complex ecological processes and

iii) Appreciating the need for optimal ambiguity

It is obvious that those who have to survive with minimum information under highest risk will have to evolve thumb rules generating efficiency in information processing. Can the efficiency of the weakest be a means to generate future options.

It is obvious that poor do not always optimally survive. Therefore their heuristic will have to be matched with other tools and underlying enigmas.
E)     Portfolio analysis of inter species, inter sectoral and inter spatial feedback effects in       an ecological system within a given boundary so as to ensure sustainability of resource utilization and renewability.    

I have argued that sustainability requires analysis of access, assurances, (horizontal and vertical), ability and attitudes to ecological resources, institutions, technology and culture respectively (Gupta, 1995).  Multi vectoral analysis of sustainability has been talked about a great deal in literature but operational models for developing measurable indicators have not been developed.    I am mentioning only one issue in some detail here and that is about the characteristics of a good indicator:

i) Is it parsimonious or “optimally inaccurate”?

ii) Is it ‘internally ‘ and `externally’ valid?

iii) Is it easily understandable by various groups of users? (same indicators may not be appropriate for every kind of users)

iv) Does it make it possible to make interconnections among different sub-systems?

v) Is it easy to compare different situations over space, season (time), sector etc.?

vi) How specific is it to a given context (moral, spiritual, socio-economic, cultural, ecological)?

vii) Does it have high or low entropy (that is whether over time its meaning and utility decrease or increase)?

viii) To what extent is indicator gender sensitive that is does it reveal the impact or status of development on women or men separately?

How can indicators be used in isolation and what are the contrasts in their use?

Analogic





Digital

Full Range


modal or mean value only

There may be many other attributes of a good indicator of sustainability.  Prof.Bandyopadyay has shown in his earlier work the importance of co-efficient of a networking of a household in a community as a possible indicator of his or her coping capacity.  We need to clarify whether higher degree of networking would mean greater stress on larger number of reference points before taking a decision and therefore higher incorporation of peer feedback.  The converse could be that a lesser-networked household may use a faster heuristic of decision-making without making reference to many people.  And therefore, he or she may generate larger number of data units on a given coping strategy iteratively overtime and thus may have higher confidence in the tested heuristic.  In the first case, there may be lesser level of risks and thus lesser gain whereas in the latter case there may be higher uncertainty and possibly higher gain.

Summing up:

I have covered a broad range of issues which merit statistical contributions to improve our understanding of environmental variabilities and their social impact and vice versa.  There are equally large number of issues that must be studied which I have not mentioned. My focus has been in favour of a more interactive and ethically guided participatory approach of learning where rights of local communities to articulate their problems and negotiate optimal solutions has to be enhanced.  A kind of ‘insurgent statistics’ has to emerge which will empower the marginal and disenfranchised knowledge rich, economically poor people.  In environmental movement all over the world whistle blowers have served this purpose by sharing their findings formally or informally with the clients as well as constituents of the conservation framework.  I have found this process as extremely stimulating and hope that in the next century statistical science will push all disciplines to become more ethical and accountable towards those from whom they collect data.  
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