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Figure 8.  Time-series aerial photographs over Ranawa in 1984, 1996, and 2002 (left to right). 

 
Note: This series of aerial views shows the positive impact of contour stone bunds (faint linear features) on increasing on-farm tree density.  Trees tend to grow from the soils and 
seeds trapped by the stone bunds.   
Source: Authors. 

The diversity of local vegetation is also supported.  Because the manure and compost used in zaï contain seeds of trees, shrubs, and 
grasses, pitted fields show substantial regeneration of woody and herbaceous species.  After two years under zaï, an initially barren field was found 
to be growing 23 herbaceous species and 13 species of trees and shrubs (Roose, Kaboré, abd Guenat 1995).   

A survey in 58 villages in 2002, in which men and women were asked about the fluctuations in the level of water in their wells, revealed 
that in several regions, including the Yatenga and Zondoma provinces, the level of water in wells had improved significantly since the beginning 
of land rehabilitation (Reij and Thiombiano 2003).12

Were higher water levels in wells caused by groundwater recharge due to land rehabilitation or by increased rainfall since the mid-1990s?  
There is some reason to believe that this phenomenon is mainly related to land rehabilitation.  First, water levels have only improved in those wells 
that are situated within rehabilitated areas or immediately downslope of these areas and not in wells situated upslope of rehabilitated areas.  
Second, rising water levels in some villages began during the dry period before the mid-1990s.  In the villages of Rissiam and of Ranawa, for 
instance, the water situation was extremely precarious until land rehabilitation began in 1981/82 and 1984/85, respectively.  Within two years, 
water levels rose.  Whereas before rehabilitation all wells fell dry at the end of the rainy season, wells soon had water throughout the year.  
However, more research is required to establish the scientific relationship between land rehabilitation and groundwater recharge. 

  As a result, farmers had created small vegetable gardens around several wells.   

                                                      
12 The increase in water levels in wells is estimated to be about 5 meters (m).  The reaction of a professor of hydrology at the University of Ouagadougou was “I measured the 

increase in the well in my village in the Yatenga; it was not 5 m, but 17 m.” 
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Figure 9 presents a graph showing the average tree cover calculated from sampled frames of the 
Mirriah-Magaria-Matameye (MMM) study area of Niger.  The V-shaped trend shows the significance of 
the parkland as it existed in 1957, followed by a loss of nearly half the tree cover by 1975, and more than 
three times the cover in 2005.  In 1975, the parkland had not disappeared.  Among the frames sampled, 
tree cover in 2005 ranged from less than 1 percent to nearly 8 percent.  However, at more local scales, 
concentrations of trees of up to 16 percent cover were apparent.  With the high density of young trees, the 
percent cover is expected to increase significantly over the next 10 years.  This indicates the potential of 
this agroecological system to reach much higher levels than its current level.  This has major implications 
for accruing biomass (and therefore carbon).  FMNR has already sequestered important quantities of 
biomass, but there appears to be considerable potential for much more.   

Figure 9.  Average tree cover trends in the Mirriah-Magaria-Matameye (MMM) triangle (%) 
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Note: The graph shows the tree cover trends for 1957, 1975, and 2005 averaged over the 10 by 52 kilometer study area within the 
MMM triangle, Niger.   
Source: Authors. 

Agricultural Intensification, Diversification, and Population Dynamics 
It is often assumed that increases in agricultural production in the Sahel are achieved by bringing more 
land under cultivation.  Reij and Thiombiano (2003) have analyzed agricultural statistics for the northern 
part of the Central Plateau for the period of 1984–2001.  The statistics indicate, with one exception, long-
term stability of the area under cereals.  The only exception is the area under sorghum in the Yatenga 
Province, which has increased by almost 30,000 ha since 1984.  This extension has been made possible 
by land rehabilitation (Sawadogo 2008).  The fact that sorghum is an important crop on rehabilitated land 
indicates the efforts of farmers to manage the fertility of these soils.   

The complexity of production systems also appears to have rebounded.  Although millet and 
sorghum remain the dominant crops in Burkina Faso, cowpea and sesame grown in small pure stands are 
increasing.  Cotton was an important crop in the 1950s and even in the 1960s, but it disappeared from the 
Yatenga and Zondoma provinces in the 1970s, while continuing to be cultivated in relatively fertile 
valleys of the Bam Province.  Farmers have begun re-introducing small plots of cotton on rehabilitated 
degraded land.  More on-farm trees and more livestock, which is managed more intensively (Sawadogo 
2003), also contribute to diversity.  More vegetable cultivation adds to income and to more balanced 
nutrition.   
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Intensification and diversification has altered demographic dynamics in Burkina Faso.  In the 
second half of the 1970s and the first half of the 1980s, many farm families abandoned their villages 
permanently and settled in the valleys in the south of Burkina Faso, which were freed from the small fly 
causing river blindness (McMillan 1988).  It is common for men to migrate to urban areas after the 
harvest, where they are likely to earn higher wages.  However, some indicators suggest that these patterns 
have changed.  Census data for 1975, 1985, and 1996 from 14 study villages in the northern part of the 
Central Plateau (nine with longer and shorter histories of investment in land rehabilitation and three 
villages without such investments), show stable populations between 1975 and 1985 (16,224 inhabitants 
in 1975 and 16,543 in 1985).  From 1985 to 1996, however, the population of the 14 villages grew by 25 
percent (from 16,543 inhabitants in 1985 to 20,479 in 1996).  With the exception of one village, the 
highest growth rates occurred in villages that had invested in land rehabilitation.  The village of Ranawa 
(Zondoma Province) lost 25 percent of its population between 1975 and 1985, but its population doubled 
between 1985 and 1996.  Since the land rehabilitation activities began in 1984/85, not a single family has 
left the village (Reij and Thiombiano2003).  Again, further study is required to establish the extent to 
which reduced migration can be attributed to land rehabilitation.   

Time-series, high-quality aerial photos of landscapes in south-central Niger clearly reveal a 
phenomenon of “more people, more trees.”  Figure 10 shows a time sequence of imagery over a 
landscape in the MMM study area south of Zinder, representing the years 1957, 1975, and 2005.  The 
1957 aerial photographs open a window into the landscapes of the past.  Taken at the end of the colonial 
period during a relatively wet period, the region was, like today, devoted to rainfed agricultural 
production of cereal grains and peanuts.  But unlike today, the rural population was perhaps a third of its 
current level.  The aerial views attest to the use of the traditional bush fallow rotation system, an 
indication of land abundance, with 30 to 50 percent of the land typically remaining in grassy fallow 
(medium gray surfaces).  Fallow periods were apparently fairly short, perhaps 1 to 3 years, judging from 
the lack of dense bush growth.  Farmers maintained cattle corridors using live hedges to channel livestock 
from village to pasture, keeping them out of the crops during the growing season.  Village sizes were 
much smaller and there were fewer of them.  Natural depressions forming wetlands were much more 
pronounced, compared with today, owing to the contrast between aquatic and tall herbaceous vegetation 
and the farmed uplands.  Trees were scattered throughout this ecosystem, locally concentrated in some 
areas and sparsely scattered in others.   

The 1975 aerial photographs provide a stark contrast to the situation of the 1950s.  Niger was just 
recovering from what may have been the twentieth century’s worst drought (1968–73).  The government, 
along with international donors and NGOs, was gearing up to improve food security.  Numerous poorly 
designed and ill-fated projects were designed to combat desertification through tree plantations, 
windbreaks, and village woodlots (Rinaudo 2001).13

Looking at this imagery in 1975, no one could have predicted the extent of the renaissance of the 
parkland today.  By 2005, the sparse tree cover of the 1970s was replaced by young and fast growing 
parkland.  What is remarkable is not so much the increased tree cover—the croplands still receive ample 
sunlight—but there is a high density of trees, many of which are pruned to grow vertically, often in the 
inner fields around a village.  Not surprisingly, village sizes have continued to swell.  Numerous new 
settlements appear in the 2005 imagery.  As human pressure on the landscape mounts, the use of fallow 

  The aerial views generally confirm the crisis.  Much 
of the tree cover seen in the 1950s was gone—likely from the combined forces of human and livestock 
pressure on trees when crops and forage failed, from increased clearing for farming, and from drought-
related tree mortality.  While not absent, the use of fallow declined significantly, dropping to a typical 
range of 0 to 20 percent of the land area.  Rural populations had roughly doubled since 1957, as seen in 
the sizes of villages.  On a positive note, the natural wetlands (the dark patches in the aerial photography) 
appear relatively intact, providing sources of standing water and fresh grass during the early dry season.  
Compared to the 1950s, the traditional agricultural parkland was considerably thinner.   

                                                      
13 The windbreaks of the Maggia Valley (Niger) are a notable exception (Rochette 1989)  
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has all but disappeared.  The natural wetlands have been converted to off-season gardens, oriented toward 
market sales.   

Figure 11 shows another landscape in the MMM study area in the same sequence.  Similarly, 
natural wetlands (two dark areas in the 1957 and 1975 photos) have been converted to off-season 
farmland.  The time-series shows the large number of small trees that now reconstitute the young 
parkland. 

Figure 10.  Landscapes in the MMM study area (south of Zinder) in 1957, 1975, and 2005 

Notes: Readiing (left to right), note the extensive grassy fallow land in 1957 (medium gray surfaces).  The dark patch near the 
center is a wetland, converted to farmland by 2005.  Note the large, new settlement that appears only in the 2005 image.  
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Figure 11.  Another landscape in the MMM study area in 1957, 1975, and 2005 

Note the natural wetlands (two dark areas in 1957 and 1975) that have been converted to off-season farmland, the decline in grassy fallow (medium gray areas in 1957 and 1975), 
six very small settlements in the 2005 image, and the large number of small trees that reconstitute the young parkland in 2005. 

In their definitive study on evolving farming practices in eastern Burkina Faso, Mazzucato and Niemeijer (2000) found evidence of a form 
of agricultural intensification that allows food production to grow along with population.  Similar findings are reported in research undertaken by 
Tappan and McGahuey (2007) in the Office de la Haute Vallée du Fleuve Niger (OHVN) of Mali, Mortimore et al.  (2001) in the Maradi 
Department of Niger, and Faye et al.  (2001) in the Diourbel Region of Senegal.  Each of these studies demonstrates that in spite of population 
growth, agriculture has intensified and the environment has improved, with positive consequences for the local economy (Mortimore and Turner 
2005).   

Limitations  
The major disadvantage of planting pits is that they are labor-intensive.  Farmers must have access to family or hired labor to dig them, to dig 
compost pits, and to fill and maintain pits from year to year.  So far, mechanization has not been feasible.  The labor investments of zaï and 
contour stone bunds are high and even more so if both techniques are combined, which is what farmers in the Yatenga and Zondoma provinces 
frequently do.  Estimates of total labor costs for planting pits vary with farmers’ practices.  Roose, Kaboré, and Guenat (1995) estimated 300 hours 
per ha, and Maatman (1999) estimated 450 to 650 hours depending on soil conditions.  Although planting pits are simple and easy to dig, the high 
labor requirements for digging and managing them mean that relatively rich farmers can more easily hire labor to rehabilitate degraded land than 
poor farmers who have to rely on their own labor.  Practice shows that richer farmers hire labor to rehabilitate land, which is likely to contribute to 
growing inequality.  Small farmers can only incrementally rehabilitate degraded land to which they have access.    

How much more extensive could adoption of these practices be?  According to Roose,Kaboré, and Guenat (1993), zaï function best in 
areas with a minimum of 300 and a maximum of 800 mm of rainfall.  With less than 300 mm the risk of crop failure becomes too big, and with 
more than 800 mm, the risk of the crop getting too much water increases.  The soil surface should be barren, flat, and hard to generate sufficient 
runoff.  Because they are labor-intensive, a relatively high population density facilitates their diffusion.  A systematic study has not yet been 
undertaken in Burkina Faso to determine the area that can potentially be treated with water-harvesting techniques such as contour stone bunds, zaï, 
and half moons, but it is not less than hundreds of thousands of hectares.   
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There do not appear to be any negative offsite impacts of land rehabilitation, such as decreased 
water availability downstream.  In social and economic terms, there are many winners, including women 
who have benefited from local groundwater recharge, more on-farm trees, and the rehabilitation of some 
of their plots.  But are there any losers?  One might argue that the Fulani herders are relative losers 
because the number of cattle entrusted to them by the Mossi farmers appears to have decreased.  Mossi 
farmers now prefer to keep cattle close to their compounds to benefit more from livestock manure.  This 
may have led to a loss of income by Fulani herders.  On the other hand, herders can now sell manure for 
cash to Mossi farmers.   

Potentially negative impacts of FMNR include an increase in pests, such as birds that cause 
damage to crops, competition between trees and crops for nutrients and sunlight, and a negative impact of 
higher tree densities on local groundwater tables.  Larwanou and Adam (2008) have found one village 
that did not engage in FMNR because villagers were afraid of increasing pests.  No other negative 
impacts have been observed during field work or documented in the literature.  Farmers are aware of 
competition between trees and crops for nutrients, water, and sunlight.  For example, in the village of Dan 
Saga (Maradi Region), on-farm tree densities have increased considerably, and in 2007 villagers began 
cutting on-farm trees to reduce densities and generate income from firewood.   
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7.  SUSTAINABILITY 

Quoting an ICRISAT study, Matlon (1985) reported that economic analysis of a package tested by 
ICRISAT (bunding in combination with a low dose compound fertilizer and an improved sorghum 
cultivar) showed that a break-even annual sorghum yield increment of only 155 kg would assure a return 
of 15 percent on the labor and cash investment.  This increment was exceeded by 67 percent of farmers in 
the Sudano-Sahelian zone (which includes the northern part of the Central Plateau).   

Kaboré and Reij (2004) estimate the gross margins of zaï per hectare of about $184 and returns to 
labor of $0.19 per hour and $1.14 per six-hour day.  This wage is about 33 percent higher than farmers’ 
estimates of dry-season wages.  The authors only take into account the impacts on crop production and 
stover. 

Soil and water conservation projects have calculated the costs of rehabilitating 1 ha of degraded 
land.  The cost estimates vary from project to project, but costs are on the order of $200/ha.  This means 
that the equivalent of at least $40 million has been invested in land rehabilitation on the Central Plateau.  
The estimated additional cereal production (at least 80,000 tons) is enough to cover the annual cereal 
needs of about 400,000 people.  The monetary value of this additional cereal production is on the order of 
$19.2 million /year.14

Existing estimates of internal rates of return to project investments refute the popular perception 
that because dryland environments are difficult and market infrastructure is often also poor, investing in 
them “doesn’t pay.”   A project in Illela District, Niger, benefited from unusually thorough monitoring 
during the project and from subsequent surveys (Hassane, Martin, and Reij 2000).  Total project cost 
during 1988–95 was $1.5 million, with an estimated economic rate of return at completion of 20 percent 
(Reij and Steeds 2003).   

   

Using ICRISAT cost data and lower yield differentials estimated for researcher-managed fields, 
Wright (1985) and Younger and Boukoungou (1984) estimated an internal rate of return to the PAF 
project of about 40 percent.  For an additional hectare of barren land reclaimed, the rate of return they 
calculated was 147 percent.  These calculations did not capture the effects of bund construction by one 
farmer on other farmers’ fields or the possible cost-reducing effects of construction by a group, compared 
with construction by an individual.   

Abdoulaye and Ibro (2006) calculated an internal rate of return of 31 percent for FMNR.  Their 
calculation was based on the value of firewood produced during a period of 20 years and an increase in 
cereal yields of 5 percent during the first five years.  Although 31 percent is attractive from an economic 
point of view, the authors seriously underestimated the benefits of FMNR because they did not attempt to 
value other impacts of FMNR.   

A major shortcoming in economic evaluations of zaï or contour stone bunds is that the wrong 
counterfactual is chosen.  Usually a comparison is made between yields obtained on rehabilitated fields 
and average yields on cultivated fields.  To most farmers, the real counterfactual is 0 kg/ha and every 
single kilo harvested is a net gain.  From the perspective of the individual farmer, benefits expressed in 
single-year yield advantages, or partial budgets, are understated because they do not incorporate a 
decreased risk of crop failure or positive, longer-term impacts on trees, tree products, other vegetation, 
and water on the farm.  From the viewpoint of the community, they omit off-site effects of increased 
biomass, groundwater recharging, and stimulation of local markets.  From the viewpoint of the society as 
a whole, they exclude the benefits of reducing migration, mitigating climate change, and combating 
environmental degradation.  Similarly, impacts of project investments are underestimated.  With respect 
to internal rate of return to project investment, impacts continue after project completion.  At the same 
time, given the number of contributing projects, impacts would be more appropriately analyzed at a larger 
scale. 

                                                      
14 This calculation is based on an average cereal price of CFA 12,000/100 kg, or $240 per ton.   
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No study has systematically quantified the impacts of FMNR, but Larwanou and Adam (2008) 
have made a useful first step in this direction.  If the number of trees has increased by 40 trees/ha (trees of 
all ages) on a scale of 5 million ha, then FMNR has added about 200 million new trees to Niger’s tree 
stock.15  Trees affect local climate, crop growth and yields, soil fertility, and the availability of fodder, 
fruit, and other nontimber forest products.  Larwanou and Adam (2008) assume that every tree produces 
an average value of $1.40 per year in the form of improved soil fertility, fodder, fruit, firewood, and other 
produce.  This would mean an additional value of at least $56/ha/year16

Little conforms to a business model of development in this story of farmers who combated the 
degradation of their lands and daily lives with arduous labor against tremendous odds.  At the same time, 
there are numerous examples of how undertaking these environmental changes instigated other changes, 
enabling farmers to create small businesses.  There are also examples of farmers who provided public 
goods (training, rehabilitation, demonstration) at private cost because they benefited from greater social 
standing. 

 and a total annual production 
value of $280 million.     

The longevity of this innovation process (two to three decades) attests to its social and political 
sustainability.  In fact, “…the processes described here for involving farmers in technology development 
and testing may well prove more readily transferable than the individual technologies themselves” 
(Haggblade and Hazell 2009).   

Despite these advances, “the battle against land degradation and rural poverty on the Central 
Plateau has not yet been won” (Reij, Tappan, and Belemvire 2005).  Nor has it been won elsewhere in the 
Sahel.  FMNR alone will not enable Niger or other Sahelian countries to keep abreast of the needs of a 
burgeoning population—but it is one important tool. 

Finally, a remark should be made about the demographic context in the Sahel.  Population growth 
in densely populated regions has induced a process of agricultural intensification, but current 
demographic growth rates will lead to a doubling of the population in 20 years or less.  Niger now has 
about 15 million people and in 2030 it will have about 30 million.  No government can be expected to 
cope with such growth rates.  In 1984, no one believed that Niger would be where it is in 2009, but will it 
be able to pull off a similar surprise in 2030? 

                                                      
15 Average tree densities measured in villages in the Maradi and Zinder regions by Saadou and Larwanou (2005) and by 

Larwanou and Adam (2008) were well above 40 trees/ha.   
16 This is most likely an underestimation.  The Eden Foundation, which operates in  the Tanout, a drier region north of 

Zinder, calculates  that in 2007 farm households harvested  fruit, leaves, and berries worth an average of 74 euros ($103) per 
household.   
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Figure 13.  Enlarged portion of an ASTER image, Niger  

Notes: This image was acquired in February 2007 over some of the denser tree parkland areas of FMNR within Niger’s Mirria-
Magaria-Matameye (MMM) triangle.  Even at 15-meter resolution, the relatively dense tree cover is not readily detected on the 
sandy uplands that dominate this scene.  This area is centered about 15 km east of Matameye.  The small linearly aligned dark 
features are humid interdune depressions that support wetlands and off-season crops.  The image depicts an area about 12 km 
wide. 
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APPENDIX B.  SOURCES AND METHODS OF REMOTE SENSING 

The remote-sensing approach consisted of (1) obtaining complete coverage of recent high-resolution 
satellite imagery across the Maradi-Zinder agricultural region to confirm the density and distribution of 
FMNR and (2) obtaining high-resolution imagery for three time periods of a more targeted area where we 
knew FMNR was widely practiced.  The focus area was a rectangular swath within the MMM triangle in 
the Zinder Region (see Figure 14 for focus area location).  This study area represents a typical slice of the 
MMM triangle as determined by examination of recent high resolution imagery over the greater area.   

Figure 14.  Location of the remote sensing focus area (black rectangle) within the agricultural 
plains of southern Niger.   

 
Note: The three dots indicated by the black dash show the locations of Mirriah, Magaria, and Matameye, which define a triangle 
of relatively dense FMNR. 

For the Maradi-Zinder agricultural region, a combination of WorldView 1 high-resolution digital 
panchromatic satellite imagery (0.5-meter resolution) and QuickBird (2.8-meter resolution) multispectral 
satellite imagery was obtained, covering the entire region.  The WorldView images were acquired 
between 2006 and 2008, while the QuickBird imagery ranged from 2003 to 2008.  Nearly all of the 
imagery was acquired during the dry season, which facilitated tree inventories.  In the dry season, there is 
increased contrast between tree canopy and background soil reflectance.  In addition, the often dominant 
gao trees are in their leaf-on stage, presenting a dark canopy in the visible spectral bands.  Figure 15 
shows an example of a QuickBird satellite image over a typical medium-density tree parkland. 

To assess the extent and relative density of tree cover (and FMNR), we systematically sampled 
the entire agricultural region (including adjacent areas of Nigeria) by assessing tree cover at 1 X 1 km 
sites at 10-minute intervals of latitude and longitude.  A total of 378 sites distributed in a grid pattern 
were examined using the high-resolution imagery.  Trees were visually identified using a standard photo-
interpretation approach.  Tree densities were ranked into five classes, ranging from “no tree cover” to 
“high-density tree parkland.”  The first two classes (no tree cover and open with isolated trees) are 
landscapes without FMNR.  FMNR was considered to be present in the low-, medium-, and high-density 
tree parkland classes.  A map was prepared to visually characterize the patterns and extent of tree cover, 
using colored square symbols to represent the classes of tree cover at each 1 X 1 km site (shown earlier in 
Figure 6).  The square symbols are not to scale; that is, the sample sites were too small to represent at the 
scale of the map.  Finally, to determine the area of FMNR, we tallied the number of sites with tree 
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parklands.  The proportion of tree parkland sites relative to the total number of sites established provided 
the figure of 4,828,500 ha for this region.   

Figure 15.  Example of a portion of a QuickBird satellite image 

Notes: The image shows medium-density tree parkland in cropland 30 km west of Maradi.  Note the cattle corridors connecting 
villages to remote grazing lands.  This image represents an area 1.8 km wide; it was acquired on October 15, 2005.   

For the MMM zone, we acquired time-series imagery over a 10 by 52 km swath.  This consisted 
of aerial photography from 1957 (taken by the Institut Géographique National of France), aerial 
photography from 1975, and QuickBird high-resolution multispectral imagery from 2005.  The imagery 
depicts landscapes during the dry season.  In all cases, trees with canopies as small as 4 m in diameter are 
visible. 

Next, the percentage of tree cover was measured for the same locations for the three time periods.  
This involved systematically sampling the 10 by 52 km study area by locating a 500 X 500 m image 
framed at 5-km intervals along lines of longitude and at 3-km intervals along lines of latitude.  Thirty 
sample frames were used.  Using a GIS (Geographic Information System), the three dates of imagery 
were coregistered using permanent landscape features, and the sample frames were extracted for analysis.  
The percentage of tree cover was quantified for each frame of imagery using a fine dot grid overlaid 
randomly.  Dots “touching” a tree canopy were counted, and the proportion of dots was compared to the 
total number of dots to derive the percentage of tree cover for each frame.  The time-series frames were 
also analyzed to look for other trends in the landscapes over the 48-year period.   

Analysis of the 30 frames of imagery for the periods of 1957, 1975, and 2005 within the 10 X 52 
km study area allowed the quantification of the percent of tree cover.  The tree cover results from the 30 
frames for each period were averaged to provide an estimate of overall tree cover for the study area.  
Results are shown in the graph in Figure 9.   
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In 2007 and 2008, the team returned to the field to conduct measurements of tree cover, woody 
biomass, and biodiversity in the MMM region.  These measurements were carried out on 1-ha ground 
plots at 13 sites within the MMM zone.  The sites were not selected randomly, but on a wide range of tree 
densities to establish a relationship between tree cover and woody biomass.  Some sites were deliberately 
selected in areas of relatively high tree concentrations because these represent the actual potential of the 
ecosystem to sustain high numbers of trees on cropland.  At each plot, tree diameters were measured (at 
breast height), along with tree heights and canopy diameter by species.  Using an allometric equation 
developed for tropical drylands as recommended by Brown (1989), the estimated dry woody biomass was 
computed for each tree using the tree measurements.  The biomass totals for all trees were summed for 
each 1-ha plot.  These biomass measurements and their strong positive correlation with tree cover 
measured from the imagery will be used to estimate woody biomass and its trend over time in the study 
area and, eventually, across other parts of this agricultural region.  Results from this analysis will be 
published separately.   
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