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The study focused on economically and environmentally important tree species,
black saxaul (Haloxylon aphyllum) and tamarisk (7amarix hispida)

Tamarisk is likely to become endangered in the future as a result of excessive
demand

The residents’ potential preference to black saxaul was significantly higher than
tamarisk

Although black saxaul has considerable potential for supporting local fuelwood
demands, this species requires careful management

The implementation of an assessment of logging sites and the establishment of a

feedback system involving local communities are recommended
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Abstract

This study focused on black saxaul (Haloxylon aphyllum) and tamarisk (Tamarix hispida), which are
economically and environmentally important trees in one of the most arid parts of the Aral region.
Black saxaul is the main local fuelwood species. However, its extraction was banned after it became
critically endangered in the 1990s. Planting this species is now regarded as essential for
rehabilitating the Aralkum Desert in light of the Aral Sea crisis. Tamarisk is another fuelwood
species that supports local livelihoods. We administered questionnaires among residents in Karateren
district and conducted interviews with some residents and with policymakers responsible for
regulating forest management. The findings revealed a significantly higher preference for black
saxaul than for tamarisk among residents, with a high potential demand for the former. Moreover,
some residents observed a decrease in tamarisk biomass, which could accelerate as a result of
constant population growth in the study district. We recommend conducting an assessment of
logging sites and establishing a feedback system involving local communities to develop risk
management that can address future shortages in wood supplies and over logging. While political
decision making should also consider the uneven preferences of residents of this region for fuelwood

species.
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1. Introduction

The Aral Sea was previously the fourth largest inland lake in the world. However, commencing
from the 1960s, large-scale and inefficient irrigation has occurred in the upper river basin leading to
a decrease in the water volume flowing into the Aral Sea and causing its shrinkage [1, 2, 3, 4].
Consequently, an extensive man-made desert has been created along the dry seabed, becoming the
main source of salt dust storms [5, 6], although there is room for discussion to scientifically prove
the exact extent of damage on the region [7]. This human-induced disaster has led to severe
ecosystem destruction, regional climate change, as well as health and socioeconomic problems
within local populations [2, 3].

Severe sand storms, entailing high salt levels have become common occurrences, impacting the
livelihoods of local residents of this region [8, 9]. To alleviate the damage caused by increased
amounts of sand, and to improve the region’s vegetation, the government of Kazakhstan and
international organizations such as the World Bank and the United Nations Development Programme
have implemented large-scale reforestation projects involving a native tree species, black saxaul
(Haloxylon aphyllum (Minkw.) Iljin), which has a high degree of tolerance for aridity and salinity [2,
10, 11, 12].

Black saxaul has long been an essential fuelwood resource for local residents. However, massive
deforestation in the 1990s led to the depletion and endangerment of black saxaul, which was
threatened with extinction [6, 10]. Consequently, commencing from 2004, logging of saxaul species
has been completely prohibited in the Aral region [13]. The use of black saxaul has been replaced by
tamarisk (Tamarix hispida), another tree species as a major source of fuelwood (local forest office).
Because the arid climate of the Aral region permits very limited vegetation, human activities can
have a significant impact on the environment of this region. Therefore, policymakers need to ensure
a balance in management priorities relating to the conservation and consumption of fuelwood
species in the region. However, in recent decades, there have been few studies conducted on
fuelwood consumption and forest management at the level of local communities. An understanding
of local people's criteria for evaluating fuelwood, their predicted marketing activities, and their
attitudes toward management policies would, therefore, contribute important new insights for future
decision making.

Residents of the study district have suffered as a result of the human-induced disaster relating to
the Aral Sea crisis and the decline of the regional economy during the post-Soviet era [14]. They
have eked out a living in one of the most severely degraded regions where there is little hope of
recovering the original ecosystems. The focus has instead been on rehabilitation through planting [15,
16]. Further, because expansion of the vegetation is limited by the extreme arid climate [17],
biomass is easily endangered by external pressures. Thus, effective governance relating to the
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consumption of fuelwood is paramount in this region. This study’s objective was to shed light on the
situation regarding the consumption of these resources and to determine what countermeasures

should be taken by local authorities.

2. Materials and methods
2.1. Study site

The study site was Karateren District (45°58°54” N and 61°02°50” E), Kazakhstan, which is
located along the former seashore at the estuary of the Syr Darya River in the Aral region (Fig. 1).
According to statistics available for the Aral region, the population of this district was 1,677 in 2015,
and was distributed across the following villages: Kune Karateren, Zhana Konys, Kol Zhaga, and
Tastak. There were about 240 households located within the central area comprising Zhana Konys
and Kol Zhaga. Kune Karateren and Tastak had 27 households and 35 households, respectively. The
annual precipitation is between 80—200 mm. The average temperature is 27.2 °C in July with
maximum temperature up to 44.8 °C, and -6.6 °C in January with absolute minimum up to -37.9 °C
[18]. With the exception of the period of snow thaw in March, the rate of evaporation exceeds that of

precipitation. Consequently, water available for plants is limited and vegetation is scarce.

2.2. Data collection

Following a preliminary survey conducted in the fall of 2014, a questionnaire-based survey was
conducted in Karateren District from September 1 to September 18, 2015. Households were
randomly surveyed and respondents were all aged above 20 years. One questionnaire was completed
per household, and more than 50% of households in each village within the district were covered.
The design of the questionnaire was based on feedback obtained from key informant interviews
conducted during the preliminary survey [19, 20, 21]. During the questionnaire completion process,
open-ended interviews were also carried out with some of the respondents.

A semi-structured interview was held with the district head in July 2014, and again in September
2015, to verify the current population trend and the history of the district. To investigate the logging
system applied in the region, a further semi-structured interview was conducted with the director of
the forest office on October 12, 2015 at the governmental forest office at Kamystybas, which
regulates the flora and fauna of the Aral region. Permission was obtained in advance to record the
entire interview.

The purpose of this study was explained to respondents in advance. We further assured
respondents that their names would not be disclosed and that the collected information would only
be used for academic purposes. The questionnaires and interviews were conducted in the Kazak
language, which is the main language in the region. The collected data were translated into English
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after completing the survey.

2.3. Fuel consumption

Current levels of fuel consumption were elicited through questionnaires and observation. A
truckload comprised the unit for measuring the annual consumption of fuelwood and coal, and
monthly consumption of gas was measured according to the number of bottles consumed, as
reported by respondents. The standard volumes of a truckload or gas bottle were investigated and
calculated during the preliminary survey. Correlations between family size and annual fuel
consumption were determined through the application of Spearman’s rank correlation analysis
(Sigma Plot 12.5, Systat Software Inc., CA, USA).

2.4. Residents’ evaluations of black saxaul and tamarisk based on their properties and prices

Seven properties for evaluating black saxaul and tamarisk were identified during the preliminary
survey to clarify respondents’ perceptions of their fuelwood quality. Beneficial properties indicating
their quality were: easy to snap, easy to carry, easy to catch fire, strong fire, long-lasting fire, little
smoke, and little ash. A five-point Likert scale, ranging from strongly disagree (1) to totally agree (5)
was used for questionnaire responses. The Mann-Whitney U test (Sigma Plot 12.5, Systat Software
Inc., CA, USA) was performed to compare each of the properties of two fuelwood species, black
saxaul and tamarisk.

In addition to their quality, the prices of two types of fuelwood were also evaluated. Respondents

noted what they considered to be a reasonable price for a truckload of black saxaul wood.

2.5. Intention to use black saxaul as fuel

To investigate the intention of respondents to use black saxaul, they were asked whether they
would use black saxaul if the logging restriction was lifted, providing a “yes” or “no” response. They
subsequently evaluated several items, providing reasons for their affirmative or negative answers,
according to a five-point Likert scale, ranging from strongly disagree (1) to totally agree (5). These
items were set based on the residents’ opinions collected by free descriptions during the preliminary

survey.

2.6. Opinions about the black saxaul logging restriction

Five items were used to evaluate residents’ opinions regarding the restriction on cutting black
saxaul. A five-point Likert scale was used for residents’ responses, ranging from strongly disagree
(1) to totally agree (5). These items were derived from the collated opinions of residents collected

using an open-ended questionnaire during the preliminary survey.
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2.7 Residents’ and governors’ perceptions of wood biomass

To investigate residents’ perceptions of the region’s timber biomass, they were asked to choose one
out of five options relating to the amount of biomass: very large, large, normal, small, and very small.
Qualitative data on this topic was also obtained through interviews conducted with residents and

with the director of the forest office.

3. Results
3.1. Description of the respondents
Table 1 presents a profile of respondents who participated in the questionnaire-based survey.

Based on random house visits, 192 (64% coverage) samples were collected.

3.2. Fuelwood consumption

The logging system applied in the Aral region is politically regulated. Under the regulation of the
local forest office, residents of Karateren District are permitted to cut three plant species. These
species are Tamarix hispida (known in English as tamarisk and locally as Djingil), Calligonum
leucocladum (known locally as Dzhuzgun), and Halostachys caspica (known locally as Karabarak)
[22]. However, based on our observations and on interviews held with residents, tamarisk wood was
almost exclusively collected. The logging site is annually decided jointly by the forest office and the
district head. Each household is required to get the certification for cutting trees from the forest
office, and may be required to pay tax depending on the amount of wood it needs. Households can
subsequently cut trees themselves at the specified sites after registering a rented truck at the forest
office.

The factors such as size of the accommodation and number of rooms and stoves were eliminated
for the statistical analysis through the preliminary survey because no distribution was found in
number of stoves in each household. Presence of sauna was also excluded from the analysis because
the total amount of wood consumption among the owners of saunas and the other
showed no difference. Necessary amount of woods for a sauna was extremely small so that the
owners did not secure wood but were managing within the collected amount for house
heating. In the heating system, in most cases, a stove was equipped in one main room,
where two adjacent rooms were warmed at the same time by heat going through inside
of the wall.

As shown in Table 2, the annual average consumption of tamarisk per household was 13.1 + 4.8
m? (x = sd). The price of tamarisk ranged from 8,000 to 12,000 tenge (i.e. 32 — 48 USD) per
truckload (about 6 m?). This wood was used to heat houses from the middle of October to early April

and was also sometimes burned for boiling water. Some households, which owned saunas, consumed
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a greater quantity of wood used for heating and boiling water once every week or two weeks. A
negative correlation (r = -0.193, p < 0.05) was found between tamarisk and coal, indicating that
these materials were used as alternative sources of fuel for house heating. Family size showed a
positive correlation with gas consumption (r = 0.232, p < 0.01), indicating that the amount of fuel

used for cooking depended on the number of household members.

3.3. Population dynamics

Statistics available for the district indicated that its population was 1,702 in 2014. During an
interview, the head of Karateren District observed that the population had been increasing over a
period of a decade and was projected to soon reach 2,500, based on an annual increase of 14 to 15
households. Although limited census data was obtained, as shown in Table 3, these data supported
this finding of a rapid population increase. Moreover, during our study, we observed several new
houses, in the process of being constructed, located along the peripheries of Zhana Konys and Kol

Zhaga (the central area of the district).

3.4. Residents’ evaluations of black saxaul and tamarisk based on their properties and prices
A comparative analysis of local residents’ assessments of the quality of fuel obtained from black
saxaul and tamarisk wood revealed that black saxaul was highly valued for its fuelwood quality
(Table 4). The results of the Mann-Whitney U test showed that there were no significant differences
between tamarisk and black saxaul relating to their properties of being easy to snap, and catching
fire easily. A significant difference was found relating to the property of being easy to carry,
indicating that prior to burning, tamarisk was easier to handle than black saxaul. On the other hand,
respondents evaluated black saxaul much more highly than tamarisk in terms of the following
properties: a strong fire, a long-lasting fire, and production of little smoke and little ash (p < 0.01).
According to staff at the local forest office, the standard volume of wood that can be loaded on to
a truck is about 6 m3. At the time of the study, the cost of tamarisk ranged between 8,000 and 13,000
tenge (i.e. 32 — 52 USD) for a truckload. Fig. 2 shows the maximum price that the respondents were
willing to pay for a truckload of black saxaul wood, which ranged from 18,000 to 23,000 tenge (i.e.
71 -91 USD), being double or treble the price that they were willing to pay for tamarisk wood. A
total of 82% of the respondents (n = 171) were willing to pay a higher price for black saxaul wood

than for tamarisk wood.

3.5. Intention to use black saxaul as fuelwood
When asked whether they would use black saxaul if the restriction was lifted, 68% of respondents
(n =192) answered affirmatively and 29% stated that they would not use this wood. Respondents

who answered affirmatively were provided with the following four explanatory items: (a) Saxaul
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gives a strong fire, (b) Saxaul can be sold, (c) Saxaul is cheaper than coal, and (d) I am worried
about the decrease in tamarisk trees (Fig. 3a). For all of the items, the level of agreement (agree
somewhat and strongly agree) was higher than the level of disagreement (disagree somewhat and
strongly disagree). Agreement of respondents was highest (96%) for item (), ranging between 63%
and 71% for the other items.

Respondents who stated that they would not use black saxaul expressed their level of agreement
with six explanatory items. These items were: (a) Saxaul is not needed for fuel, (b) Saxaul is
expensive, (c) Tamarisk should be used instead of saxaul, (d) Tamarisk is abundant, (e) I am worried
about the decrease in saxaul trees, and (f) Saxaul should be used for plantation. Although the level of
agreement of respondents was significantly higher than the level of disagreement for all of the items,
the ratio of agreement to disagreement was particularly high for items (c) (84%), (e) (94%), and (f)
(96%), which referred to the region’s environment (Fig. 3b). Among these explanatory items, (d)
evidenced the lowest level of agreement (51%) and the highest percentage of respondents who did
not have an opinion on this topic (39%). The highest ratio of disagreement (22 %) occurred for item
(a).

It is noteworthy that both groups of respondents (who would either use or not use black saxaul)
expressed concern about the biomass of tamarisk in the region during the preliminary survey. This
question was investigated further, and in more detail, within the questionnaire used for the main
survey, as shown in Figs. 4. Among the items associated with the use of black saxaul, the second
highest level of agreement (71%) occurred for (d) (I am worried about the decrease in tamarisk trees)
(Fig. 3a). Among the items associated with respondents’ non-use of black saxaul, the lowest level of

agreement (51%) occurred for (d) (Tamarisk is abundant) (Fig. 3b).

3.6. Opinions about the black saxaul logging restriction

Fig. 4 depicts residents’ opinions regarding the current restriction on the logging of black saxaul
trees. Among the explanatory items (a—€), two items, namely, (a) (The lack of availability of saxaul
causes inconvenience) and (e) (I want the restriction to be lifted) were critical of the logging
restriction. Conversely, three items, namely (b) (The restriction of saxaul is necessary), (c) (Tamarisk
can be used as a substitute for saxaul), and (d) (Coal can be used as a substitute for saxaul) were
supportive of the restriction.

Among all of the items, (a) evidenced the highest level of disagreement (disagree and strongly
disagree) at 36% and the lowest level of agreement (agree and strongly agree) at 48%. The second
highest level of disagreement (21%) was obtained for item (e). However, the ratio of agreement for
this item was also the second highest (69%) among the items.

The ratios of disagreement for items (b), (c), and (d) were small, ranging between 9% and 14%,

and the ratio of agreement was high, ranging between 58% and 72%. The highest level of agreement
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(72%) was found for (b). Moreover, many of the respondents took a long time to answer this
question and were reluctant to give a clear answer (agree or disagree) for items (c) and (d), resulting

in the highest ratios of “no opinion” for these items (30% and 24% respectively).

3.7. Perceptions of tamarisk biomass

When queried about their perceptions regarding tamarisk biomass, 59% of the respondents felt
that biomass was “normal” and that there was neither an increase nor a decrease, 24% felt that the
amount of biomass was small or very small, and 17% perceived the amount of biomass to be large or
very large (Fig. 5). During open-ended interviews held with residents, some respondents expressed
concern that the number of old trees had decreased recently, and consequently they had no choice
but to cut young trees to meet their demands. However, the view of the director of the forest office
was that the rule permitting residents to cut only old trees in logging sites was being effectively
applied in this region. Moreover, the director suggested that the fast-growing tamarisk supported

fuelwood demands in the region.

4. Discussion

Because arid regions are particularly vulnerable to the impacts of human activities, there is a need
for carefully designed and implemented forest management in such regions [21, 23, 24]. Because
vegetation is absolutely scarce in the dryland ecosystems, fuelwood is valuable for sustaining
people’s livelihoods in drylands [25, 26, 27]. Especially in the remote areas where the energy
transport from the outside is inefficient and costive, a sustainable usage of local wooden resources
has traditionally been the most preferable way. Therefore, local wood resources under careful
management needs to be seriously considered once the balance of ecosystems including local
livelihoods is endangered. This is also the case in the Aral region [28].

Through the observations in preliminary survey, we confirmed that coal and tamarisk
are the fuel resources used for the house heating system, and these materials are
alternative to each other. This was also statistically supported from the quantitative
data collected in the main survey. The results of the study indicated a correlation between the
consumption of gas and family size, because gas is used for cooking. However, there was no
correlation found between the consumption of tamarisk and coal and family size, because these
materials are used for house heating (Table 2). Moreover, the findings revealed that not everybody
could afford to buy coal. Further, even among households that purchased coal, the main fuel used
was tamarisk wood and not coal. Consequently, whereas gas could replace wood used for cooking, it
could not replace wood used for heating houses. This is because the heating system is optimized for

wood and coal burning. As a result, the demand for fuelwood will not decline. Rather, given the
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increase in houses in the district over for the last decade, fuelwood consumption will continue to
increase (Table 3).

As shown in Fig. 5, residents’ perceptions of tamarisk biomass suggest that while the decline of
tamarisk has not yet become an urgent issue, the ratio of respondents who considered the amount of
tamarisk in the region to be small or very small was higher than the ratio of respondents who
considered this quantity to be large or very large. An early indication of a decline in this species was
revealed in the concern expressed by some respondents regarding the shortage of old tamarisk trees
at logging sites for meeting their requirements. Because young trees have high moisture content,
burning them can cause health problems resulting from incomplete combustion [29, 30, 31]. Further,
low combustion efficiency results in high consumption, which, in turn, leads to increased collection
of fuelwood from forests [32]. The findings on local residents’ attitudes and the reasons for these
attitudes, which have a bearing on the future use of black saxaul (Figs. 4), also support the
conclusion that residents are conscious of the amount of tamarisk biomass, as discussed in section
3.5. However, the difference in the perceptions of residents and forest office authorities implies that
a functional feedback mechanism within the forest governance system is not in place. This gap,
which leads to a lack of consideration of potential risks, would make it difficult for authorities to
collect critical information about forests in the region and to thereby engage in appropriate decision
making [33, 34, 35].

Despite the evident significance of residents’ preference for black saxaul as a fuelwood source, a
prohibition on logging this species has been in place over the last decade (Fig. 2 and Table 4). The
findings of this study regarding respondents’ attitudes toward using black saxaul as a fuelwood
source suggest that its high fuelwood quality could be the strongest incentive for its use (Fig. 3a). On
the other hand, the respondents’ environmental attitude that prioritized conservation of black saxaul
above satisfaction with alternative fuelwood resources like tamarisk was a strong deterrent to
logging (Fig. 3b). This finding suggests that efforts to educate and inform the community would be
effective. Public opinion regarding the black saxaul logging restriction suggests that likely reasons
for residents’ acceptance of the current situation are that their fuel demands are being met by
tamarisk, as well as the high level of environmental consciousness among residents. Many residents
are evidently facing a dilemma regarding their environmental awareness and consumption of

fuelwood resources.

5. Conclusion
Because tamarisk is the only primary fuelwood species available in the study district, it is likely to
become endangered in the future as a result of excessive demand. It is imperative to avoid a

potentially critical situation resulting from a severe shortage in fuelwood supplies and land
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degradation caused by over logging. Although black saxaul has considerable potential for supporting
local fuelwood demands, as evidenced by residents’ preference for it, reflected in past consumption
levels, this species requires careful management. Following a long period of logging restrictions, the
current biomass of black saxaul in the region should be assessed. To introduce appropriate risk-based
management of forests in this region, we recommend the implementation of an assessment of
logging sites and the establishment of a feedback system involving local communities. Moreover,
from the perspectives of securing environmental conservation as well as local livelihoods, active
political efforts relating, for example, to the use of timber obtained from the thinning, in conjunction

with reforestation projects and planting fuelwood species, should be considered.

Acknowledgements

The authors would like to thank the villagers of Karateren, the director of Kamystybas forest office
and interviewees. The research was funded by the 2014 Student Exchange Support Program of Japan
Student Services Organization (JASSO).

References

[1] Micklin P. The Aral Sea crisis. Dying and dead seas: climatic versus anthropic causes.
Netherlands: Springer; 2004. p. 99-123. DOI: 10.1007/978-94-007-0967-6_5

[2] Micklin P. The Aral Sea disaster. Annu Rev Earth Planet Sci 2007;35:47-72. DOI:
10.1146/annurev.earth.35.031306.140120

[3] Glantz Michael H, Rubinstein Alvin Z, Zonn Igor. Tragedy in the Aral Sea basin: looking back to
plan ahead? Glob Environ Chang 1993;3(2):174-98. DOI: 10.1016/0959-3780(93)90005-6

[4] Aladin N, Crétaux J-F, Plotnikov IS, Kouraev AV, Smurov AO, Cazenave A, et al. Modern
hydro-biological state of the Small Aral sea. Environmetrics 2005;16:375-92. DOI:10.1002/env.709
[5] WuchererW, Veste M, Herrera Bonilla O, Breckle SW. Halophytes as useful tools for
rehabilitation of degraded lands and soil protection. Proceedings of the First International Forum on
Ecological Construction of the Western Beijing; 2005. p. 87-94.
http://www.desertconsult.de/PDF/62Halopyhten%20as%20tools_Bejing2005.pdf

[6] Breckle SW, Wucherer W, Dimeyeva LA. Vegetation of the Aralkum. Aralkum-a manmade
desert. Berlin Heidelberg: Springer; 2012. p. 127-59. DOI: 10.1007/978-3-642-21117-1 9

[7] Martius C, Lamers JPA. Let there be science: separating environmental misperceptions from
reality in the Aral Sea Basin. In: Freedman Eric, Neuzil Mark, editors. Environmental crises in
Central Asia: from steppes to seas, from deserts to glaciers. New York, USA: Earthscan; 2016. p.
67-77. [ISBN:978-1-138-82484-3].

10


https://doi.org/10.1016/0959-3780(93)90005-6

361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

[8] Small I, VVan der Meer J, Upshur RE. Acting on an environmental health disaster: the case of the Aral
Sea. Environ Health Perspect 2001;109(6):547-9.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240333/pdf/ehp0109-000547.pdf

[9] Whish-Wilson P. The Aral Sea environmental health crisis. J Rural Remote Environ Health
2002;1(2):29-34.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.581.3798&rep=repl&type=pdf

[10] Sehring Jenniver. Forests in the context of climate change in Kazakhstan. Discussion Paper,
Zentrum flr internationale Entwicklungs- und Umweltforschung, No. 60; 2012.
http://hdl.handle.net/10419/74450

[11] World Bank. Implementation status and results: Kazakhstan Forest Protection & Rehabilitation
Project; 2011
http://www.worldbank.org/projects/P078301/forest-protection-reforestation-project?lang=en

[12] World Bank. Integrating environment into agriculture and forestry; progress and prospects

in Eastern Europe and Central Asia., vol. Il Kazakhstan.: Country Review; 2007.

[13] ITocranosnenue [IpaBurenscrBa Pecrybnmkn Kazaxcran «O 3anpere pyOOK IIIaBHOTO
[I0JIL30BAHUS B XBOMHBIX U CaKCayJIOBBIX HACAXKIACHHUAX Ha YHaCTKaX roCy1apCTBEHHOI'O JICCHOT'O
donmay» ot 23 anpens 2004 rona Ne 460 CAIIII Peciyonuku Kazaxcran, 2004 1., Ne 19, ct. 239
[DnexTponnsIii pecypc]. 2004.

http://adilet.zan.kz/rus/docs/P040000460_/history

[14] Pomfret Richard WT. The Central Asian economies since independence. Princeton University
Press; 2006.

[15] Micklin P, Nikolay VA. Reclaiming the Aral Sea. Sci Am 2008;298(4):64-71. DOI:
10.1038/scientificamerican0408-64

[16] CBD Fifth National Report - Kazakhstan. (English version)
https://www.chd.int/doc/world/kz/kz-nr-05-en.pdf

[17] Dimeyeva L. Primary successions on the new Aral seashore. Basic Appl Dryland Res 2007;
1(1):1-16. DOI: 10.1127/badr/1/2007/1

[18] CAWaterInfo. Database of the Aral Sea. http://www.cawater-info.net/aral/data/index_e.htm
[19] Kumar K. Conducting key informant interviews in developing countries, A.l.D. program
design and evaluation methodology report no. 13. Washington, DC: USAID; 1989
http://www.alnap.org/pool/files/pnaax226.pdf

[20] Marshall MN. The key informant technique. Fam Pract 1996;13(1):92-7. DOI:
10.1093/fampra/13.1.92

[21] Cardoso MB, Ladio AH, Dutrus SM, Lozada M. Preference and calorific value of fuelwood
species in rural populations in northwestern Patagonia. Biomass Bioenergy 2015; 81:514-20. DOI:
10.1016/j.biombioe.2015.08.003

11



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

[22] Gintzburger G, Toderich KN, Mardonov BK, Mahmudov M. Rangelands of the arid and
semi-arid zones in Uzbekistan. France: V. Howe and CIRAD Editing and Publication Service; 2003.
p. 426.

[23] Food and Agriculture Organization (FAO). Sustainable development of drylands and combating
desertification. http://www.fao.org/docrep/v0265e/v0265e00.htm#Contents

[24] Reynolds JF, Smith DMS, Lambin EF, Turner BL, Mortimore M, Batterbury SP, et al. Global
desertification: building a science for dryland development. Science 2007;316(5826):847-51.
http://www.sciencemag.org/cgi/content/full/316/5826/847

[25] Ramos MA, de Medeiros PM, de Almeida ALS, Feliciano ALP, de Albuquerque UP. Can wood
quality justify local preferences for firewood in an area of Caatinga (dryland) vegetation? Biomass
Bioenergy 2008;32(6):503-9. DOI: 10.1016/j.biombioe.2007.11.010

[26] Hiemstra-van der Horst G, Hovorka AJ. Fuelwood: the “other” renewable energy source for
Africa? Biomass Bioenergy 2009;33(11):1605-16. DOI: 10.1016/j.biombioe.2009.08.007

[27] Dryland Systems. (UNEP) In “Ecosystems and human well-being: current state and trends”.
623-662; 2005. www.unep.org/maweb/documents/document.291.aspx.pdf

[28] Meshkov V'V, Baizakov SB, Yeger AV, Orozumbekov A. Forest rehabilitation in Kazakhstan. IUFRO
world series, 20(4)Vienna, Austria. : IUFRO Headquarters; 2009. p. 83-130.

[29] Kandpal JB, Maheshwari RC, Kandpal TC. Indoor air pollution from combustion of wood and
dung cake and their processed fuels in domestic cookstoves. Energ Conver Manage 1995;36(11):
1073-9.

[30] World Health Organisation (WHO). Fuel for life. Geneva: WHO; 2006
http://www.who.int/indoorair/publications/fuelforlife/en/

[31] de Albuquerque Sgarbi F, Sim@es AF, dos Santos EM, Salinas DTP. Fuelwood as an energy
source for the commercial cooking sector—an overview analysis focused in the city of S&o Paulo,
Brazil. Biomass Bioenergy 2013;58:313-21. DOI: 10.1016/j.biombioe.2013.09.007

[32] Miah MD, Al Rashid H, Shin MY. Wood fuel use in the traditional cooking stoves in the rural
floodplain areas of Bangladesh: a socio-environmental perspective. Biomass Bioenergy
2009;33(1):70-8. DOI: 10.1016/j.biombioe.2008.04.015

[33] Pagdee Adcharaporn, Kim Yeon-su, Daugherty Peter J. What makes community forest
management successful: a meta-study from community forests throughout the world. Soc Nat
Resour 2006;19(1):33-52. DOI: 10.1080/08941920500323260

[34] Bhattacharya Prodyut, Pradhan Lolita, Yadav Ganesh. Joint forest management in India:
experiences of two decades. Resour Conserv Recycl 2010;54(8):469-80. DOI:
10.1016/j.resconrec.2009.10.003

[35] Gertler Meric S, Wolfe David A. Local social knowledge management: community actors,

institutions and multilevel governance in regional foresight exercises. Futures 2004;36(1):45-65.

12



433

DOI: 10.1016/S0016-3287(03)00139-3

13



Small Aral Sea

Syr Darya River

(NASA Earth Observatory,
on August 19 2014)

( Google earth )

Fig. 1. Study site
Gray line in the left map is the coastal line of the full-size lake of the Aral Sea.
Karateren district is composed by four villages (diagonal areas).
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Fig. 2. Hypothetical price of a truck of black saxaul

The number of respondents who answered the each range of price for a truck of
saxaul were counted. The red arrow is the actual price range of a truck of
tamarisk (6m?3). The unit is USD calculated by the average rate of Kazakhstan
currency Tenge to USD during survey period. (LUSD = 252 Tenge)
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Fig. 3a. Rate distributions of evaluation in each reason for “Yes, |
will use’

68% of respondents (n = 192) answered affirmatively when asked
whether they would use black saxaul if the restriction was lifted.
Items: a. Fire power is strong; b. Saxaul can be sold; c. Saxaul is
cheaper than coal; d. I’m worried of the decrease of tamarisk
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Fig. 3b. The evaluation of the reason items for ‘No, I won’t use ’
29% of respondents (n = 192) answered negatively when asked
whether they would use black saxaul if the restriction was lifted.
Items: a. saxaul is not needed for fuel; b. saxaul is expensive; c.
Tamarisk should be used instead of saxaul; d. The number of
tamarisk is large; e. I’'m worried of the decrease of saxaul; f.
Saxaul should be used for plantation
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Fig. 4. Residents’ opinions toward the restriction of logging black saxaul
Items: a. It is uncomfortable that saxaul is not available.; b. The
restriction of saxaul is important.; c. Tamarisk can substitute for saxaul.;
d. Coal can substitute for saxaul.; e. | want the restriction to be lifted.
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Table 1
Component of the respondents

Date 2015, Sep 1% -18"
Households 192 (64 %)
Sex
female 90 (46.9%)
male 102 (53.1%)
Age
20s 50 (26.2%)
30s 56 (29.3%)
40s 35 (18.3%)
50s 31 (16.2%)
over 60s 19 (9.9%)

not answered 1 (0.5%)




Table 2
Annual fuel consumption and correlation among consumption and family size

______ Tamarisk ~  Coal _~  Gas
n =191 n=191 n=191
. 32-48 USD/truck 6.5 USD/50L
Price (=6m°) TLUSDIt 55 UsprzL
Annual
consumption 13.1+4.8m® 23+1.4t  574+240L
(Average Esd)
Family size -0.011 0.099 0.232"
Tamarisk -0.193" 0.16
Coal 0.056

1USD = 252 Tenge (average on Sep. 1-18, 2015)
*P<0.05 *P<0.01



Table 3
Population of the Karateren district

Year Total
2000 574
2001 584
2011 1657
2014 1702

Data source: statics service of the Aral region



Table 4
Comparison of fuel quality between saxaul and tamarisk

Saxaul Tamarisk
(n=178) (n=178) U

mean rank mean rank
easy to snap off 3 3 14151
easy to carry 3 4 11936"
easy to catch fire 4 4 15271
strong power of fire 5 3 4286"
long-lasting fire 5 3 2783"
little smog 35 3 8218"
little ash 3 2 9734"

Mann-Whitney U test * p <0.01

Tamarisk was preferred in ‘easy to carry, while saxaul was preferred in the
process after catching fire; strong power of fire, long-lasting fire, little smog
and little ash.
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