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This study focused on black saxaul (Haloxylon aphyllum) and tamarisk (Tamarix hispida), which are economically
and environmentally important trees in one of themost arid parts of theAral region. Black saxaul is themain local
fuelwood species. However, its extractionwas 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. Tam-
arisk is another fuelwood species that supports local livelihoods. We administered questionnaires among resi-
dents 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 dis-
trict. We recommend conducting an assessment of logging sites and establishing a feedback system involving
local communities to develop riskmanagement that can address future shortages inwood supplies and over log-
ging. Political decision making should also consider the uneven preferences of residents of this region for fuel-
wood species.

© 2017 International Energy Initiative. Published by Elsevier Inc. All rights reserved.
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Introduction

The Aral Sea was previously the fourth largest inland lake in the
world. However, commencing from the 1960s, large-scale and ineffi-
cient irrigation has occurred in the upper river basin leading to a de-
crease in the water volume flowing into the Aral Sea and causing its
shrinkage (Micklin, 2004, 2007; Glantz et al., 1993; Aladin et al.,
2005). Consequently, an extensive man-made desert has been created
along the dry seabed, becoming the main source of salt dust storms
(Wucherer et al., 2005; Breckle et al., 2012), although there is room
for discussion to scientifically prove the exact extent of damage on the
region (Martius and Lamers, 2016). This human-induced disaster has
led to severe ecosystem destruction, regional climate change, as well
as health and socioeconomic problems within local populations
(Micklin, 2007; Glantz et al., 1993).

Severe sand storms, entailing high salt levels have become common
occurrences, impacting the livelihoods of local residents of this region
(Small et al., 2001; Whish-Wilson, 2002). To alleviate the damage
caused by increased amounts of sand, and to improve the region's
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vegetation, the government of Kazakhstan and international organiza-
tions such as theWorld Bank and the United Nations Development Pro-
gramme 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 (Micklin,
2007; Sehring, 2012; World Bank, 2007, 2011).

Black saxaul has long been an essential fuelwood resource for local
residents. However,massive deforestation in the 1990s led to the deple-
tion and endangerment of black saxaul, which was threatened with ex-
tinction (Breckle et al., 2012; Sehring, 2012). Consequently,
commencing from 2004, logging of saxaul species has been completely
prohibited in the Aral region (Постановление Правительства Республики
Казахстан, 2004). 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 en-
sure 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 consump-
tion and forest management at the level of local communities. An un-
derstanding of local people's criteria for evaluating fuelwood, their
predicted marketing activities, and their attitudes toward management
.
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policies would, therefore, contribute important new insights for future
decision making.

Residents of the study district have suffered as a result of thehuman-
induced disaster relating to the Aral Sea crisis and the decline of the re-
gional economy during the post-Soviet era (Pomfret, 2006). 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 (Micklin and Nikolay,
2008; CBD FifthNational Report - Kazakhstan, n.d.). Further, because ex-
pansion of the vegetation is limited by the extreme arid climate
(Dimeyeva, 2007), biomass is easily endangered by external pressures.
Thus, effective governance relating to the 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 de-
termine what countermeasures should be taken by local authorities.

Materials and methods

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 1677 in
2015, andwas distributed across the following villages: KuneKarateren,
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 house-
holds, respectively. The annual precipitation is between 80 and
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 mini-
mum up to−37.9 °C (CAWaterInfo, n.d.).With the exception of the pe-
riod of snow thaw in March, the rate of evaporation exceeds that of
precipitation. Consequently, water available for plants is limited and
vegetation is scarce.

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 sur-
veyed and respondentswere all aged above 20 years. One questionnaire
was completed per household, and N50% of households in each village
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Fig. 1. Study site. Gray line at the left of the map is the coastal line of the full-size lak
within the district were covered. The design of the questionnaire was
based on feedback obtained from key informant interviews conducted
during the preliminary survey (Kumar, 1989; Marshall, 1996; Cardoso
et al., 2015). 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 interviewwas conduct-
ed with the director of the forest office on October 12, 2015 at the gov-
ernmental 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 ac-
ademic purposes. The questionnaires and interviewswere conducted in
the Kazak language, which is the main language in the region. The col-
lected data were translated into English after completing the survey.

Fuel consumption

Current levels of fuel consumption were elicited through question-
naires and observation. A truckload comprised the unit for measuring
the annual consumption of fuelwood and coal, and monthly consump-
tion of gaswasmeasured 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 consumptionwere de-
termined through the application of Spearman's rank correlation analy-
sis (Sigma Plot 12.5, Systat Software Inc., CA, USA).

Residents' evaluations of black saxaul and tamarisk based on their proper-
ties and prices

Seven properties for evaluating black saxaul and tamarisk were
identified during the preliminary survey to clarify respondents' percep-
tions 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,
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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 notedwhat they considered to be a reason-
able price for a truckload of black saxaul wood.

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 restric-
tion was lifted, providing a “yes” or “no” response. They subsequently
evaluated several items, providing reasons for their affirmative or nega-
tive answers, according to a five-point Likert scale, ranging from strong-
ly disagree (1) to totally agree (5). These items were set based on the
residents' opinions collected by free descriptions during the preliminary
survey.

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 resi-
dents collected using an open-ended questionnaire during the prelimi-
nary survey.

Residents' and governors' perceptions of wood biomass

To investigate residents' perceptions of the region's timber biomass,
theywere asked to choose one out offive 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.

Results

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.

Fuelwood consumption

The logging system applied in the Aral region is politically regulated.
Under the regulation of the local forest office, residents of KaraterenDis-
trict 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) (Gintzburger et al., 2003). However,
based on our observations and on interviews held with residents,
Table 1
Component of the respondents.

Date 2015, Sep 1st–18th
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%)
tamarisk wood was almost exclusively collected. The logging site is an-
nually 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 pre-
liminary survey because no distribution was found in number of stoves
in each household. Presence of sauna was also excluded from the anal-
ysis 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 se-
cure 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 m3 (± = sd). The price of tamarisk
ranged from 8000 to 12,000 Tenge (i.e. 32–48 USD) per truckload
(about 6m3). Thiswoodwas used to heat houses from themiddle of Oc-
tober to early April and was also sometimes burned for boiling water.
Some households, which owned saunas, consumed a greater quantity
of wood used for heating and boiling water once every week or two
weeks. A negative correlation (r = −0.193, p b 0.05) was found be-
tween tamarisk and coal, indicating that these materials were used as
alternative sources of fuel for house heating. Family size showed a pos-
itive correlation with gas consumption (r= 0.232, p b 0.01), indicating
that the amount of fuel used for cooking depended on the number of
household members.

Population dynamics

Statistics available for the district indicated that its population was
1702 in 2014. During an interview, the head of Karateren District ob-
served that thepopulation had been increasing over a period of a decade
andwas projected to soon reach 2500, 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 in-
crease. 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).

Residents' evaluations of black saxaul and tamarisk based on their proper-
ties and prices

A comparative analysis of local residents' assessments of the quality
of fuel obtained from black saxaul and tamarisk wood revealed that
black saxaulwas highly valued for its fuelwoodquality (Table 4). The re-
sults of theMann-Whitney U test showed that therewere no significant
differences between tamarisk and black saxaul relating to their proper-
ties of being easy to snap, and catching fire easily. A significant differ-
ence 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 b 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 8000 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



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

Tamarisk Coal Gas

n = 191 n = 191 n = 191

Price 32–48
USD/truck
(~6 m3)

71 USD/t 6.5 USD/50 L
3.2 USD/27 L

Annual consumption (average ± sd) 13.1 ± 4.8 m3 2.3 ± 1.4 t 574 ± 240 L
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 b 0.05.
⁎⁎ P b 0.01.

Table 4
Comparison of fuel quality between saxaul and tamarisk.
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tamarisk wood. A total of 82% of the respondents (n = 171) were will-
ing to pay a higher price for black saxaul wood than for tamarisk wood.

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 an-
swered affirmatively were provided with the following four explanato-
ry items: (a) Saxaul gives a strong fire, (b) Saxaul can be sold, (c) Saxaul
is cheaper than coal, and (d) I am worried about the decrease in tama-
risk trees (Fig. 3a). For all of the items, the level of agreement (agree
somewhat and strongly agree) was higher than the level of disagree-
ment (disagree somewhat and strongly disagree). Agreement of re-
spondents was highest (96%) for item (a), 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 re-
spondents was significantly higher than the level of disagreement for
all of the items, the ratio of agreement to disagreementwas 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 per-
centage of respondentswho 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 (whowould 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 themain survey, as shown in Fig. 4. Among the items associated
with the use of black saxaul, the second highest level of agreement
Table 3
Population of the Karateren district.
Data source: statistics service of the Aral
region.

Year Total

2000 574
2001 584
⋯ ⋯
2011 1657
⋯ ⋯
2014 1702
(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).

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–e),
two items, namely, (a) (The lack of availability of saxaul causes inconve-
nience) 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 sup-
portive of the restriction.

Among all of the items, (a) evidenced the highest level of disagree-
ment (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,
rangingbetween9%and 14%, and the ratio of agreementwas high, rang-
ing between 58% and 72%. The highest level of agreement (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).

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 bio-
masswas 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 res-
idents 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.

Discussion

Because arid regions are particularly vulnerable to the impacts of
human activities, there is a need for carefully designed and
Saxaul Tamarisk U

(n = 178) (n = 178)

Mean rank Mean rank

Easy to snap off 3 3 14,151
Easy to carry 3 4 11936⁎

Easy to catch fire 4 4 15,271
Strong power of fire 5 3 4286⁎

Long-lasting fire 5 3 2783⁎

Little smog 3.5 3 8218⁎

Little ash 3 2 9734⁎

Mann-Whitney U test.
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.
⁎ P b 0.01.
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Fig. 3. a. Rate distributions of evaluation in each reason for ‘Yes, I 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. b. 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. I want the
restriction to be lifted.
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implemented forest management in such regions (Cardoso et al., 2015;
Food and Agriculture Organization (FAO), 1993; Reynolds et al., 2007).
Because vegetation is absolutely scarce in the dryland ecosystems, fuel-
wood is valuable for sustaining people's livelihoods in drylands (Ramos
et al., 2008; Hiemstra-van der Horst and Hovorka, 2009; Dryland Sys-
tems, 2005). 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 need to be
seriously considered once the balance of ecosystems including local
livelihoods is endangered. This is also the case in the Aral region
(Meshkov et al., 2009).

Through the observations in a 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 con-
sumption of gas and family size, because gas is used for cooking. How-
ever, 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, thefindings revealed that not every-
body could afford to buy coal. Further, even amonghouseholds that pur-
chased 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,
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the demand for fuelwood will not decline. Rather, given the 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 sug-
gest 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 re-
spondents 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 prob-
lems resulting from incomplete combustion (Kandpal et al., 1995;
World Health Organisation (WHO), 2006; de Albuquerque Sgarbi
et al., 2013). Further, low combustion efficiency results in high con-
sumption, which, in turn, leads to increased collection of fuelwood
from forests (Miah et al., 2009). Thefindings on local residents' attitudes
and the reasons for these attitudes, which have a bearing on the future
use of black saxaul (Fig. 4), also support the conclusion that residents
are conscious of the amount of tamarisk biomass, as discussed in the
section ‘Intention to use black saxaul as fuelwood’. However, the differ-
ence in the perceptions of residents and forest office authorities implies
that a functional feedbackmechanismwithin the forest governance sys-
tem is not in place. This gap, which leads to a lack of consideration of po-
tential risks, would make it difficult for authorities to collect critical
information about forests in the region and to thereby engage in appro-
priate decision making (Pagdee et al., 2006; Bhattacharya et al., 2010;
Gertler and Wolfe, 2004).

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 con-
servation of black saxaul above satisfaction with alternative fuel-
wood 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 resi-
dents' 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 consump-
tion of fuelwood resources.
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 re-
sult of excessive demand. It is imperative to avoid a potentially critical
situation resulting from a severe shortage in fuelwood supplies and
land degradation caused by over logging. Although black saxaul has
considerable potential for supporting local fuelwood demands, as evi-
denced by residents' preference for it, reflected in past consumption
levels, this species requires careful management. Following a long peri-
od of logging restrictions, the current biomass of black saxaul in the re-
gion should be assessed. To introduce appropriate risk-based
management of forests in this region, we recommend the implementa-
tion of an assessment of logging sites and the establishment of a feed-
back 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.
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