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10.1 INTRODUCTION

Arid and semi-arkd lands occur in arcas where climatic
condislons create water limitations and the water lost
through evaporation exceeds the water gained from
precipitation (Bailey 1996). Truly ard reghons are
cilled doserts, und they may be cold, temperate or hod.
but all are relatively very dry. Definktions vary, bul
arcits with annual precipitstion of 25¢m or less are
olten considered as deserts. Semi-arkl reglons, often
called steppes. typically surround or occur adjascent 1o
deserts, but may also occur in isolation, The severe
water limitations and climatic extrenses that prevadl in
these regions render arid and semi-arid reghons yulner.
able to disturbance and very slow 1o recover (United
Noticns Environment Programme (UNEF) 1992
Aronson @ al. 2002: Bainbridge 2007a) In other
words. they hane less resilience and resistance than
most other biomes.

Arid and semi-arid lands make up appeoximately
A0% of the Earth's continental surfoce and are home
to more than 2 billica people (Adeel ot al, 2005). Many
of these ure city dwellers, but ccosystem deterioratbon
10 the cural drylands - a common shorthand term for
urid and semi-arkd lands ~ & widespread and getting
worse. Appeoxinsately 250 millson people at present
are affected by the bass of productivity from degrada-
tion of ecological resources or desertification, while
as many as 1.2 billion people will be affected in the next
few decades (Randriamiaring 2009). This will bexd 10
increased suflering. groming numbers of eovironmen«
fud refugees and regional and Internaticanl nugrations
that will no doubt cause civil unrest and turmall (Sachs
2007), Hall of the drylund dwellers carn very liathe
msoncy and as they live with very lsmited resources they
ure very vulnerable 1o unforesecable events and slow-
moving processes (Dobie 2001,

The semi-arkd reghons of the planet are more com-
maonly occupied and more intensively managed than
the arid arcas, but all are vulnerable 1o ecosystem dete-
rloration or desertificution, A revkew of desertification
risk In 2001 suggested the vulnerablliey classes and
estimates of area involved and population ot risk as
given In Table 10.1.

Many of the more extreme desert arcos are rarcly
used. although Indigenous people in the past survived
In some of them (Figure 10,1), It Is mmportant o
remember these past uses by people because they often
shaped the ecosvstems we see Loday (Nabhan et al,
19821, Ofien, arcos in the transition zones between
arid and semi-arkd regions. are used by people only
durlng wet perkxds (Felper & Moser 1933). Some of the
most severely damaged arcas are abandoned alter
thelr usefuless declimes through over-exploitation (see
Chapter 21, The lands ot risk of desertification should
be further categortzed by current and historde use,
current condition and tenure (ownership or use rights),
but this has not been done o a systematic manner,
Desplte many similaritics, the challenge of desertifica-
tion can bo very different from one reglon to the pext,
and perhaps cven from one valley to the next.

In this chapter, | sttempt & compechensive appeoach
10 restoration thut explicitly examines the sock-
cconomic drivers that create unsustainable pressures
on arid lands in addition to ponhuman drivers. In
addition, | develop a holistic qppvondt 1o restoration
considering the people that nre most uffected by deser-
tificution. The goal & to integrote the best practices
from past socteties and cultures nround the workd that
have addressed stmilar problems, with the lutest ind-
ings from rescarch and development on moee sustain-
able ecological, technicul and political or econonye
solutions (Bainbeidge 2007a). A key aspect of this
effort is 10 understand these problems well enough o

Table 10.1 fitimascs of Land arci considerad vulnerable and corresponding sumbers of impactod human populations.
Nete: The ghobal population density map s limited 10 latitudes 72°N 10 378 Not all valneratde Lends are und and semb-daried

Jands. After Eawarnn ¢f ol (20010

Vulnerability Arca subject to desertification Population affected
Milion km' % ghobal land area Milliens % global population
Low 14.60 1.2 1085 189
Moderate 1369 105 as 150
High 7z 58 393 68
Viey high 7.91 6.1 255 44
Total 44.24 340 2648 440
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Figure 10.1 Agave rossting pit. This seasonal Kameyuay village site was occupied for thousands of yvears. It Is Jocated in the
extreme desert with anoual rainfall <7.5¢ea. Much can be kearned from carefal anaheds of resource vtilbation by these
succossisl cultiiees. Restoration efforts can indhade species like agave (Aany desert!) that provide food for wiliditfe andd insects as

well as people. (Photograph by Pandd Balnbeidgpe.)

address the root causes. and not just the symploms
(Mitroff & Silvers 2009)

10.2 CAUSES OF DESERTIFICATION

The causes of desertification are complex and often
interlinked in ways that are not readily apparem
(Hallsworth 1957 Balnbridge 2007a) Mismanage-
ment often leads 10 ecological decling and desertifica-
tion. The couses commoaly include socloweconomic.
administrative and ecologkcal fsctors.

10.2.1 Soclo-economic factors

The most eritical soclo-economic pressure on people
who live In drylands is often simply bosic survival (le,
obtaining enough food to eat, or the small amownt of
cash needed lor eriticul purchases). Population growth
can compound the challenge. This often leads to over-
stocking of domestic Mvestock or. more generally
overuse of resources. The guest for fespect, power or a
sufliclent dowry or resvurces for marrlage (based on
animal ownership) can adso be o factor. [gnorance or

gread may lead to management practices that are Wi
advised. in the long term. and unsustainable.

The socio-economic factors that lead to desertifica-
thon must be explored at the scale of the locol arca or
region {sce e van Dresser 1976 Termorshutzen &
Opdim 2009 ). The goal should be & long-term perspece
the, not just | year. 3 vears or 10 years, but rather 50
or 100 years, or 1000, Even in reghons where the tran-
sitlon from the agrariun to the industeiol reglme s still
underway, or has hardly begun. s centurics-long per-
spective is often possible thanks to colonial archives
(Wardell et al. 2003) and oral histories of Indigenous
people, Improving understanding of the drivers of
desertification as well as the local ecosystem response
can encourage maore sustainable practices and restora-
tion in use by land managers,

10.2.2 Administrative factors

Tenure (ownership or use rights) plays an Importam
robe In muanagement decision making in drylands
(Bainbeidge 2007 a). Whike in some arcas tenure rights
may be very clear, with known boundaries and legal
documents supported by courts and law or cultural



118  Restoration ecology

precedent. many of the arid and semi-arid lands are
without clearly defined owners or explicitly owned by
the government. but lacking clear management and
supervision. Both situations lead to over-exploitiation
and discoursge investment of time. energy and non-
cial capital in long-term projects of conservation and
restoratton, The result ks overuse, soll loss and eventue.
ally decline to bare rock and sbandonment. Restora-
tion efforts can be facilitated if tenure can be clarified
by agreement oe legislation, Satellite photos and
mapping can make tenure allocation caster (Willlam-
son 2000

10.2.3 Ecological factors

In arsd and semi-arid lands, water is the major limiting
factor for planmt establishment and growth, In degraded
or deseriified arcas. this deficht becomes even more
critical. Even if viable sceds are still present in the soil
sced bank, they cannot germinate or grow without
waler; and changes in surface solls, microclimate and
remaval of vegetation and litter increase runof. limit
water retentlon anxd slow water movement into the
soll (infiltration). As soll water s restricted by these
chimges. the decline in blomass intensifies grazing
pressure on the few remaining plants in a downward
spiral that may end with barren rock,

10.3 THE RESTORATION RESEARCH
CHALLENGE

Restoring degraded ecosystems in arld and semb-arkl
lands requires a clear understanding of the complex
interplay of environmental and social factors and the
Increasing impact of climate change (Revnolds et al,
2007). Basic research is also needed 10 better under-
stund less disturbed reference ecosystems and to
Identify effects from climate change. The unpredictie
bility of climate in most desert and semb-arid regions,
and the extreme conditlons at the soll surface muke
restorition challenging even when adequate linancial
resources are available. Restoration rescarch is needed
to help clarify the best strateghes for cach site and
situstion.

Renewed funding for Beldwork and spplied research
s urgently needed, Training for both participating in
and managing transdisciplinary fickd studies is
extremely important, yet rarely offered.  Problem-

oriented group studies like those proposed here are
among the best method for developing these skills,
These types of applicd transdisciplinary studics do
not fit in comfortably with the current academic
environment (Bainbridge 1985, 2007b; Junssen &
Goldsworthy 1996),

10.3.1 Improving understanding of the
socio-economic and ecological setting

The primary challenge of restoration Is to reverse the
process of descrtification, to capture and retain more
water and to begin resestablishing plant communities
and ecosystem health and complexity. Many tech-
miques can be used to improve water capture. storage
and inflltration. depending on soll conditions, budget
and equipment avallability. These include decompract-
ing or scarifying the surface to break up crusts and
increase water capture, laving out rock lines (Figure
10,2) or grids 1o slow surface how and increase ab-
sorption. spreading brush or vegetation and creating
swales, microcatchments or berms 1o capture rain
{Tongway & Ludwig 1996: Lancaster 2008; Chapter
4). Soll amendments, planting and restoration of soll
microorganisms can also increase water capture and
infiltration. Establishment and succession can be very
show on undisturbed arld and semi-arid lands, and any
additional damage due 1o mismanagement makes
plant establishment even more difficult (Bainbridge
2007a), Techniques to capiure and store water are
essentlal, but just a start,

In the drylands, more than anywhere else, restora-
tion planning must be based on understanding. inter-
vention must be timely and restortion workers must
be persistent. The planning effort should include con-
sideration of ecosystem structure. function and use,
Traditionally planning has focused on ecosystem
structure, ‘How many plants should be planted per
wcre or hectare? What canopy cover should be sougin:’
bul repairing ecosystem function. ‘How does water
Bow through the site? What is the soll health?' is olten
maore important (Aronson of al. 2002: Bainbridge
2007a). Restoring function can speed recovery and
ke long-term success more Hkely (Allen 1988;
Whisenant 19991, Attempting to return o plot of land
to the historie plant community by seeding or con-
tainer planting withowt restoring the soil and water
functions that supported that community has led to
many costly fallures. Restoration of protected arcas
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Figure 10.2 Rock lines (Burkins Faso). brush plles, soll berms o terraces can be usad to stabllize soll and retain water to
allow for infiltration during rainstorms. These knv-cast interventhons work well in some arid and semd-arkd fands to initiste
recovery and ald restocatbon. (Photogroph by William Crischley, VI University. Amsterdam.)

can be straightforward because use pressure can often
be eliminated. Developing restoration efforts for land
used for production ts much more difficult and requires
careful ecological and socio-cconomic analysis of man-
agement activities (Scherr & McNeely 2007,
Desertification galned worldwide attention with
the Sahel drought in the 1970s, although in retrospect
it was perhaps more cyclic drought than human-
induced deterioration. in any case. the publicity led to
the creation of a number of initlatives to reduce or
control desertification. Including the United Nations
Convention to Combat Desertification (UNCCD). adop-
ted in 1994, and a number of new rescarch institutes.
programmes and proposals around the world, result-
ing in much talk. but little action. However. the recog-
nition of the need for more comprehensive projects led
the United Nations to launch the Mntegrated Driydands
Development Programme. in 2002, This recognition that
deterioration woukl not halt and restoration would be
unkikely to occur without Integrated action was a criti.
cal step In understanding. The growing realkzation in
recent years that climate change is likely 10 make the
challenges of desertification worse has led to renewed
efforts to undertake research tha will provide better

approaches for understanding. managing and restor-
ing arid and semi-arid lands,

10.3.2 Identifying the causes
of desertification

Improving our understanding of the social and eco-
bogical settings is critical because arid and semi-arid
ecosystem restoration is challenging. costly and slow
IFigures 1003 and 10.4). Minimal rescarch funding
has bmited the understanding of desertification
and restoration trajectories needed to disentangle
symptoms and causes (Balnbridge 2007b). Rescarch
on the ecological symptoms of desertification has been
much more common than analysis of the causes of
desertification, The technical solutions developed to
reat these symptoms often fail because the causes have
1l been addressed. The causal chain (Figure 10.5)
nust be followed from the ficld to the government poli-
cles and international wrade agreements that shape
ocal cconomies.

When the causes of desertification are not well
anderstood suggested solutions can lead o new.
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The Causal Chain

The fand manager

The family and extended family
Comemunity and cultixe
Regional economy

Naticaal economy

Global economy

Figure 10,8 The causal chain of desertification or
restoration. To unsderstand whint we see ln the leld. we necd
1 understand the policios that guide behaviour. Impeoved
management and restorasion may roguire chasges in
financial and political policies 1hat creale incentives for
coawrvitbon instend of exploitation,

Figure 10.3 Hostoralion work i
progress. mesquite {Prosopls
harndadona) mownds {1995)
Recstublishing trees or shrubs can
peovide critical habitat and Initiste
reconery of many spocies,
Multipurpose tree crops like the
nltrogen Sxing mesqulte tree can
aluo provide food and resources for
people and vesock, (Phyatograph by
Dawvid Bainbridpe. )

Figure 10.4 Mesquite mound alter
1 3 years 1 2008 5. The finesdeaved
mesquite coptures blowing sand o
croate nebkas or mowmds, Capturiog
dlowlag sand and soll symbonts
under the canopy crostos a mound
with & molst, reseurcerich
convironment fog plant, Insect und
animsad spocies, (Photogrophs by Dnvid
Balwhridge. |

more serfous problems, The speclabized narrowly
focused research rewarded in academia and by
funders can kad 10 misunderstondings of complex
socio-ecological  systems.  Desortification oflen
Iwolves cumubative (over decades) and synerglstic
elfects that can make isolating couses and symploms
difficudt. Rescarch on desertfication has focused on a
small runge of fuctoes, most commondy a subset of eco-
logical symptoms while the more sensitive sues of
political and economic causes are ignored or neglected
To be successful. restorution must include ecological
and cultural factors.

Unclerstanding is also limited by the Lk of histori-
cal baseline information for both ecological and cul-
ural factors, To develop an effective restoration plan.



we need to know how the degradation came about.
What went wrong? This type of information can be
pravided by historical ecodogy and. going forward. with
consisten!  monitoring. Drylands monitoring  pro-
grammes currently in operation must provide o broader
spectrum of information 1o improve our understand-
ing of ecological and cultural sustainability and res-
toration opportunities (Schere & McNeely 2007), In
devdoped countries, information from census burcaus,
health and education departments and economic anal-
ysis misy make it passible o apply integrated measures
like the Gentdie Progress Indictor (Costanza et al,
2004), but in many arcas there will be little or no infor-
mation available and fiekd work will be needed. Failure
1o address the soclal causes of desertilfication can lead
o ecosystem collapse and political and cultural unrest
ay environmental relugees migrate from the arid and
semisarid lands.

10.3.3 Rediscovering traditional solutions

Restoration begins with understanding, and it is essen-
tial to understind how arid and semi-arkd ¢cosystems
have been managed by people for hundreds. or even
thousands. of years il we want to restore them. Eco-
logical assessments should always include a review of
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traditional management practices and thelr impact on
the environment. Valuable lessons may be learned by
studving traditional solutions for managing these
fragile lands (Nabhan 1979: Evenarl et al. 1982:
Wilken 1987; Agarwal & Narain 1997; Rivera 1998).
Rediscovering and applying the wraditional wisdom
developed over centuries of experimentation and inno-
vation can mprove viekls and sustainability in arid
and semi-wrid lands, offering the potential for restora-
tion in use by pastoralists, ranchers, farmers or agro-
foresters and speed restorathon of kinds freed from
management by abandonment or Inclusion In pro-
tected arcas,

Students and faculty can also help improve the appli-
cation of traditional knowledge to restoration. We can
learn much from studving the water-efficient wallle
gardens of the Zuni (Figure 10.6), the terraces of
Yemen. clay pot irrigation in ancienmt China and the
graceful water whedls of Hama, Syrla, It is essential to
rediscover the best practices of the past, not only for
cach region but from around the world. The Society for
Feological Restocation now includes an Indigenots
Peoples” Restontion Network in their activities (Martinez
2010, This project deserves personal. foundation and
government support., Further study and education on
best practices from the past and present are important
everywhere, but are even more critical for arcas where

Figure 10.6 The annuil maintcnance of the aorgaties or kerigation diches is a comemunity-bulding activity as well as 2
method of maintaining crithcel water infrastruciure. This waler can improve production on farms and ranches and reduce
pressure on adgscent drylands to allow restaration o beginn. Soclal sctivities that promote cobesion should be included in

restoration progects, (Photograph by Rick Reenandcto, |
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migrants and refugees may have arrived with practices
and beliefs that do not fit theie new environment,

Recent work has highlighted the importance of tra-
ditional ecological knowledge as a key 1o success
In arid land management and restoristion (Committee
on Science and Technology 2003; Youlin 2005). The
UN Convention of Partics to Combat Desertification
(UNCCD) lirst established an ad hoc commbttee on tra-
ditional knowledge in 1999 (UNCCD 1999, 2005).
This represented a major turning point as the value of
knowledge acquired over gencrations of experimenta-
tlon was recognized. Understanding traditional prac-
ticesshouldbethefirst stepinany large-scale restoration
or management programme for the drylands.

10.3.4 Transdisciplinary integrated
restoration research with stakeholder

engagement

Although | was trained as an ecologist and spent much
of my career working on ecotechnical solutions to
resource management and restoration problems and
basic research, It became increasingly clear 1o me that
the social factors that drive behaviour are more impor-
tant than the ecological fuctors (Bainbridge 20074,
2009}, Including local people in research and demon-
stratbon adds strength but complexity, The residents of
thearid and semi-arid lands, often portrayed as victims,
typically have excellent coping capacities. are innova-
tive and are extremely responsive Lo cconomic signals
and opportunities (Dobke 2001: Critchbey 2010). They
often do a remarkable job with what they have. as
Thomas Sheridan (1996) showed in his ecological and
cultural anabysis of @ small town in Sonora, Mexico,
The farmers, ranchers and pastoralists causing damage
are often well aware of the environmental problems
they are creating but are wypically caught in a system
with drivers and incentives that discourage sustainable
management. Arid and semiarid lands restoration
may depend more on government economic pollcy
lincluding reduction or removal of farm subsidles in
developed countries), International trade agreements
and World Trade Organization policy than on ecologi-
cal rescarch, More emphasis in restoration must be
placed on policy change at this level,

Stakeholder cngagement ks essential to understand
and address the complex problems of desertification
and dryland restoration. The boundaries of the problem
analysls must be large enough to capture the system.

to reach across disciplines from employment to ecosys-
tem resilience, Even when environmental and eco-
nomic models of management activithes are developed.
they are rarely integrated. But 1o develop solutions
that will work, they must be Integrated and Include
feedback and interactions that more accurately rep-
resent the complexity of real-life systems (Reynolds
cral. 2007 A teansdisciplinary systems approach is
essential for unravelling these types of complex prob-
lems (Meadows 2008: Chapters 2 and 225, NGOs with
long-term experience in an arca may be able to provide
very useful insight and information about restoration
and management opportunities and challenges. This
will require new types of funding and support within
government, academia and nongovernmental organl-
zations (INGOs),

The clements needed for success include involving
all alfected stakeholders, conducting rescarch to im-
prove understanding of sockal and blophysical proc-
esses and developing long-term programmestosuggest,
demonstrate, test and refine solutions, These are des-
cribed in the following section on management.

10.4 THE MANAGEMENT CHALLENGE

The need for integrated approaches 1o arid and semi-
arid lands research and management has been in-
creasingly recognized by rescarch groups, NGOs and
advocates (Haberl et al. 2006: Reynolds et al. 2007).
Since the 1990s, @ number of initintives have been
started to encourage more interdisciplinary, multidis-
ciplinary and transdisciplinary research. but the
results overall have been disappointing (Glenn et al,
1998}, In part this is the result of limited funding, but
cven the money that has been spent has yielded less
than expected. often because local communities have
not been engaged. encouraged and empowered (Chiom-
bers et wl. 1991). Stakeholder outreach is critical (Par-
tridge et al. 2005: Prell et al. 2007 ). When stakeholder
engagement is managed well, T have abso seen It case
conflicts between competing groups,

10.4.1 Setting sustainability goals

The importance of setting sustainability goals for &
community or region cannot be underestimated (van
Dresser 1976). Putting people lirst can help promaote



cooperation with the kcal community (Chambers
1995; Gomez-Pompa & Bainbridge 1995), Interrelat-
Ing soctal and ecological factors provides the critical
insight needaed 10 understand the problems and suggest
solitbons, The challenges in determining what makes
a particular community sustisinable need to be under-
stood. including questions of health, education, em-
ployment. innovation. community involvement, crime
and corruption, culture and opportunitics for improve-
ment. Often the goals may be as simple as safe and
comfortable housing, adequate food. clean water and
economic opportunity It ks important to compare the
redutions between these over time by ethnicity, caste
and income class as well, The Genulne Progress Indica-
tor or the Index of Sustaimable Economic Wellere can help
us understand the sustatnabllity of social systems (Cos-
tanza et al. 20040 Developing ecological footprint
and sustalnable area budgets for the arca or region
mity adso be instructive (Rees 2006: Levine et al. 2010).
These can help establish budgets for energy. water. food
or other resources that would be sustainable over the
long term. If the community and culture are not sus-
taknable, successful environmental restoration will not
be possible.

Evaluating the sustalnability of soce-cconomic
systems involves measures of both structure and fune-
tion much like the eeosyrtern factors. The flow of
mancy Is very important, but many sockal system mter-
actions do not Involve cash tlow. and labour contribu-
thons or gifts and exchunges hove not been recorded.
stidied or counted by conventional economics. Eco-
logical Impacts are even less likely 10 be costed and
Incorporated in accounting (Balnbeidge 2006, Al
countries also have shadow econombes (illegal activi-
ties or economis enterprises with no records wxd no
taxes). These shadow llows may be very important,
particularly in margined arid lands, Understaniding
these ecomomic factors can be coitical in inalysing the
resource management practices leading to desertifica-
tlon or restoratlon,

Reducing or eliminming economic incentives that
promote poor menagement con lead 1o changes in
resource utilization that kad 1o restoration in use.
Destriuctive Incentives can be corrected by the activities
of association, cooperation and lobbying. but these
who benefit from current inequities and subsidies are
very reluctant to see policies and programmes change,
The problem is rarcly at the farm or ranch level. but
further up the cconomic system with the banks, com-
panies and organizations imvolved In resource manage-
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ment and linance. In the 1980, for example, we found
that dryland farmers in Sonora, Mexico, were being
ferved 10 abandon thelr sustainable locally adapted tra-
datonnd corn varleties. To obtain ceadin, they had 10
wgree to use high-response coen and buy chemical fer
tlkeer, This Incrensed risk and debl. with inevitable
failures driving people off the land. leading to land con-
solidation, further involverent in ilegal activities and
emigration. Challenging and changing long-standing
aibsidies and incentives are never casy. In developed
countries. protesting land manigers may be snubbed,
fidiculed or shunned: but In developing countries, the
rsks are much higher (Sinha 1991). Engaging stake-
Lolders in efforts 1o reshape socko-economic drivers to
te more sustainable is eritical to Improve management,
1o facilitate restoration In use and to encourage the
conscrvation and restoration of importunt ecosystems
In reserves or protected arcas,

10.4.2 Developing and
demonstrating solutions

More than half of the people living in drylands still
depend on farming. grozing, fuehwood harvesting.
bunting. poaching or wild gathering for a significant
port of their living Al will have 1o add restoration to
flieir existing management activities Il they Intend
10 move toward more sustainable socio-ecological
systems. festoration activities can bmpeove the quality
of life and the cconomic viabibity of small farm, forestry
or ranch enterprises (Tiedeman 2005). Restoration
may be undertaken on Individually owned or control-
bed land, or else on lunds and resources held In common,
keased from or held by the government,

Land managers are most likely 10 adopt new prisc-
fices If they have seen, visited and participated in o
working demonstration. yet demonstriatlons are rarcly
mcluded I restoration programmes. Degraded and
damaged lands are almost worthless and are not costly
10 purchase or lease for restoration rescarch and dem-
onstration. Cooperative on farm or ranch demonstra-
fons are very uselul and can be encouraged by
wotecting lund owners with a funding guarantee of
10 loss of income or yiekd while they experiment with
wew crops or management practices. This strategy
aroved usclul for the Carter Foundation (set up by
former US President Jimmy Carter ) in efforts to improve
wriculture In Africa. Small lundholders are conser-
vative and often work to minimize risk rather than
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Figure 10.7 The wallle gardens of the Zuni were remarkably effective In capturing rainwaler, and protecting plants from
winds and animals, Lessons from traditional socteties con be applied to restoration efforts. These wallle gardens would be nell
suited for nurseries growing native plants for restoration work, (Photograph by Jesse Nussbaum, 1911, Courtesy Demnver

Public Lidrary, Western History Collection. )

maximize oulpat. A no-doss guarantee, provided by a
participating NGO or government programme., can
encourage participution and experimentation with
restoration activities.

I would suggest & new approach 10 the development
wxd implementation of solutions that includes local,
long-term research and validation. This approach
would engage local communities in transdisciplinary
systems analysis, research, demonsaration and exten-
sion needed for successiul restoration. The most impor-
tant groups involved in solving the preblems of dryvland
desertification are the local communities. Yet they are
often a weak link. hampered by poverty, lack of respect
by cutsiders for their wisdom and internal power refa-
tionships that limit thelr ability 10 voice their concerns.
Encouraging local farmers and ranchers to participate
can help offset the nareow goals of special Interest
groups and their economic and political dominance.

While much has been learned about the function-
Ing of some dryland ccosystems in the last 80 years,
much remains unknown. Long-term transdisciplinary
rescirch ks necded 1o better understand the challenges
we face and the opportunities for improving mana-
gement practices and restoring arid lands. Diverse
stakeholders noad 10 be collectively engaged In design-
ing and delivering strategies that simultancously

address the challenges of meeting goals for cural liveli-
hoods. food security and environmental sustalna-
bility (Scherr & Rhodes 2006), Restoration research
and implementation teams can provide insight about
the ccosystem and the current and stor natonal
and International economic incentives and cultural
peressures that determine land management peactices
{Figure 10,71, A systemeoriented approach 1o restova-
thon that incorparates socio-economic goals as well as
environmental goals is much more likely to succeed
than a more traditional eco-technical solution, It is
also more likely to get local community buy-in and
support, This type of project cannot be Fast or short-
lived because 1t takes time to buikd trust and to research.
test und demonstrate soluthons. Costs may be much
lower than those of many traditional ald programmes,
but longerm commitment for the communities and
the researchers is essentinl,

Developing cffective restoration programmes will
require demonstrating solutions at the field. farm and
watershed levels belore promoting their widespread
use (Leigh 2003), Demonstration is the ultimate test
of practice and understanding and is the best way 10
encontrage land managers. volunteers, companies and
organizations to become actively involved, Land man-
agers can be very skeptical. and only after they see,



touch and apply these methods personally will they
believe that they work. Studies in California showed
that it 1ok nine inferactions with extension and
demonsiration te initinte change In adding onc best
management peactice (Lubell & Fulton 2007). Demon-
strathon can be done at the Farm. ranch, park. water-
shed or reglonal kevel (Nawveh 1989; Campbell & Siepen
1994). Drylund managers are justifiably risk averse
and cautious. but will readily adupt new approaches
that work. These new methods will spread far beyond
the demonstration project site with little or no addi-
thonal spending.

Demonstration projects are well suited foe under-
graduate and graduate students in both applied and
theoretical research programmes, Woeking with local
fumilies can provide eritical feedback and reality checks
for proposed solutions while improving the sophistica-
tion and technical capabilities of small lendbolders.
Ficld restocatbon projects also provide studemts and
faculty with transdiscipliniury project  experience.
stakchokler engagement skills and the opportunity to
test and refine equipment snd plant materials, as well
as their understanding of how ecological and social
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systems behive (Aronson a2 al. 2007a: Bainbeidge
2007 ). The Natural Environmental Rescarch Council
und the Economic and Social Rescarch Counctl In the
United Kingdom cureently offer 20 interdisciplinary
study awards cach year in recognition of the impoe-
tunce of this work (hitpo//www.nerc.ac.uk), but these
are for individuals, not teams,

Stidy teams in these transdisciplinary lickds of
study, intervention and amellorative development
must include o wide range of stakeholders from the
local communities and/or encourage their particips-
tion in regular reviews because they are most familiar
with the problems and will often be able to rapidly
eliminate many of the proposed options, A systems
approach working with local communities has rarely
been used in analysing arid and semi-arid lands
management and restoration. The woek dooe by 2 S,
Ramakrishnan and his colleagues and students in
north-castern India was a good prototype for the work
that is needed | Ramakrishnan 1992), Students lived in
and studied traditional land management systems,
unalysing a wile runge of cultural. ecological and
economic factors. Box 10,1 presents the outline for a

erable exporience n the région, révisits the area,
reviews t™he Meratre, history and cumrent poltical
economy, talks with the local pecpie. and meets with
Koy stakenoiders. This research begins 10 establish the
framewsrk 10r re420ration work and potental demoans
stration projects. A catalogue of native plant commeni-
s and rare and endangéved spacies, local cultivars
of vegetabies, grang, fruits and Ivestock, their pests
and diseases, and economics i begun. Communties
suitable 10¢ 3 Iong-tarm study'demonstration are eval-
uated and discussions with community groups, NGOs
and governmantal organzations will help select a
study site.

Yoar 2. The project team loases (Or Duys) a Mepee-
sentative land holdng, farm or ranch for ten years with
80 OPUON 10 rendgw. An expaNenced restorationst or
field resoarch peoject manager, praferably mamed with
chikdren, is hired %0 lve on site. The presence of a
spouse and children faciitates imegration with the iocal

Box 10.1 A restoration and demonstration project chronology

risk of romantic compiications. One of their first tasks
" e fielc will be 10 salect and hirg 3 1ocal figla staff
person from the community. The research programme
also recruits and Degng Waining the frs! team of
uncergracuate and graduate students. This might
nchude an ervironmental histonan geographer/anthro:
pologist (a good PhD project), restoration ecologist,
agricutural engineer, organic gardener {or animal s&i-
entist for range), 504 scientist, agroecologist, hydrolo-
(81 Of MICOCAMAOIOgST, SNC PUDIC NaFTTVNUtrEcnist/
emergency medical technician. Prospective studerts
should ideally ba conversant # not fuent in the local
language and include some from farm or ranch back-
grounds and expenience Sving n prmitive condRions.
Both men and women would where possbie, live with
iocal familles. When this wouid be culturally ditficult or
naporoprato. they could ive on the site property.
Apphcations from marnied couples and famiies shoukl
Do encouraged. The resicration team would De
aquipped with 3 container full of restoegtion tools and
sUppies, construction and vehicle repair tools. and
oquipment foe restoeation work and farm operation.




Box 10.1 Continued

They would also have a used but serviceable ¥ 1on
4 x 4 flatbed truck and four-wheel-drive tractor, 30—
S0hp, with plow, spader, box scraper, backhoe, and
bucket loader,

The goal for this year would be adting 10 the under-
standing of the local culture, ecosystems, microck-
mates, solis and economy - adding to the regional
research from year 1. The god would te to begin
developing a history of the political ecclogy and emi-
renmental changes at the project site for the last 50
yoars or more, This would begin with libeary research
ang continue with iMerviews of the village alders and
observation. The restoration ecclogist weould begin
doveioping a focal and regional overview of ecosystem
function and structure and identify a plant restoration
palette and stan a seed banking programme. Soed
colection would be a priority, i appropriate, a nursery
for native plants and economic cultivars of interest
would be stanted with community involvemeant,

The facdity would be built or retrofitted as an
example of sustainable design with assistance from
the studant team, staff and local workers. Renowabie
enargy and local rescurce captureé would be demon-
stratec with a sclar photovoltaic array, solar hot water
system, passve solar heating and cooling. rainwater
harvesting system, improved water and irigation
systems, and proper treatment of water supply and
wastes. | needed, seismic safety ssues would be
addressed with an onsite retrofit. A demonstration
organic garden and agroforestry options and com-
POSting system would aiso bo designod and started,
with the goal of developing value-added products. The
gardan would help foed the team and wouks test varie-
ties suited to local site congitions,

The solls sclence and hydrology/microclimatology
students would establish a samping framework and
complete inttial surveys of the area. Both would work
with local teachers and students i possidle to engage
the community in the research. The publc health/
nutrition student woulkd heip keep tha taam healthy
and would also work to befter understand health
problems and nutritional mitations in the local
communiy.

The students and staff, truck, and tractor would be
made availabie to help with community projects as
appropriate, Funding would be provided 1o hire stu-
cdents from the local school or community to help

with restoration research and implementation and
gardening/facilty operations,

Year 3. Weork would begin on rostoration projects
and, as appropriate, oconomic development. The
primary goal weukd be working with local stakeholders
10 develop two or thrée demonstration projects for
restoration. Land tenure issues might be addressed as
well. Restoration actwiies might include fencing
Speings and riparian areas 1o improve water quality and
stabilize riparian ecosystemns. It might also include
water and sod conservation demonsirations using
gabion dams, rock nes, terraces or swales. Business
oppartunities that could benefa the local community
might also be explored, such as developing an organic
certification for a loca! grop such as nopales (Opuntia
(orckly pean cactus pads) and developing value-
added products such as cactus frult syrup, goat
cheese or organic mesquite flour and com baking
mmmtuwmumcmmrmtmm
start @ garden at the local school.

The fest annual open house and welcome 10 1he
community would be a fiesta, with food, music, and
dancing. This type of annual cultural event has proved
10 be a critical factor in improving the nteractions
between the Mapami Biosphere Reserve and neigh-
bours in the Chihuahuan desent,

Yoar 4-onward, Acdeional restoration projects (and
economic cevelopment demenstrations) would be
developed in parinership with the local community.
Existing programmes that link business students with
loca vendors/producérs in Chie and Mexico can
provide valuabla insights (see for exampie the Proyec-
cidn Social ‘Community Outreach’ programme at the
Universidad del Pacifico, Lima, Pery),

Restoration, demonstration efforts, and supporting
facilities would be analysed using a standardized sus-
flainabiity dashboard or scorecard (Mitp//esljrc it/
envind/dashbeds. htm). Projects that have succeeded
or appear ikely to succeed would be repicated and
promated. Those that had falled to meet expactations
would be revamped or dropped.

Note: the challenges caused by poltical ingtabllity
and drug viclence would need careful consideration in
many areas. Even in the 19808 concerns about the
narco-trafficantes (drug dealers) were common in
much of northern Mexico and today it is much worse
(Grant 2008).




lopgterm transdiscipbinary restoration rescarch omd
demonstration peogect in narthern Mexka,

10.4.3 Funding

By my estimate, funding a study like this in the anid
lands of & developed country like the United States
might cost S5 million over 10 years, In Mexico and
other developing countries, the ¢ost woukd be consider-
ably less. Sevure funding for the long term, perhaps
1020 years or more. & essential. The Long-Term Eco-
loglcal Rescarch sites of the National Science Foundi-
thon and a fow development and conservation projects
aroasd the world binve shown thint long-terms inte-
grazed rescarch is imaluable. Inadoquate funding, too
little, 100 shoet, has humpered much of the research on
coologhoal restoration and Integrated  developencnt,
Longaerm funding & needed 10 ensure that students
can complete projects and find continuing suppart for
carcer advancement, Profects like this can peovide
meaningful change not only in the community where
it I8 implemented. but throughout the reglon and for
similar climate/cultural aress i other areas of the
world. The benetits will also Include new faculty and
manapers trained in systems analysis and arid and
semb-arkd lnnds restoration,

The World Bank and other internationald institutions
are increasingly cognizant of the importance of oco-
nomic incentives for impeoving kand management, but
this growing recognition has led to lttle improvement
on the ground. The legacy of past economic colonial.
ism through abushve loans and development pro-
grammes has also left a series of tragic consequences.
The need lor external funding support for the develop-
ing countries that will foel the most severe impacts of
desertification and climate change is recognized
both the Cimate and Descrtification Conventions. The
United Natbons Framework Conventlon on Climate
Change (UNFOCC) places particular emphasis on the
responsibility of developed country partles for funding
chimate change mitigation and adaptation due o
their disproportionate contribution to the problem of
chimate change (Losimer e ai. 2009) If we adopt a
funding goal of just $3 per resident affected. we would
hane $1.23 billlon to work with, enough foe SOX)
local, integrated, multidisciplinary, long-term manage-
ment for restoration offoets.

Efforts 10 address the causes of desertification also
require funding (Glenn ¢t al. 1998, These would not
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be costly, but are poditically challenging. While there
have been many exampies of worthwhile peajects that
have made technical impeovements 1o agriculiure in
the drylands. there are few examples of the drylands
being systematically considered in economic and trade
policies, either nationally or regionally (Dobie 2001),
Restoration of arid and semi-arid lands on a larpe scale
will demand reform of these economic policy drivers.
Jumes F. Reyvnolds and coworkers have outlined the
Dryfarats Developament Paradigne Sor rescarch that inter-
links coupled Auman-exological sydems (H-E systems:
Reynolds et al. 2007). This paradigm coasists of five
principlkes of porticular significance in drylands and
focuses on inter- and intrarclationships in deyland
syslems:

1. H-Esystems are coupled. dynamic and co-adapting,
so that thoir structure. function and Interrelatioships
change over time. Understanding drylond desertifica
thon ind development issues requires the simultancous
consideration of both human and ecological defvers.
2, A limited subte of “show’ vartables are critical deter-
minants of H-E systemn dynamics. Identifying and
monitoring key ‘slow” varishles are particulady Impoe-
tant in drylands where highly fluctuating ‘fast” varia-
bles often mask fundamental change related 10 slow
variables.

3. Threshokds in Koy slow variables define dafferent
states of the H-E systems, The costs of intervention
tise nonlincarly with increase in land degradation or
1he degree of socio-economic dysfunction. Managers
should adopt the precautionary principle.

4. Coupled H-E systems are hicrarchical. nested and
networked across multiple scales. Drylands are often
distant from economic and policy centers and have dif-
ficulty influencing policy drivers.

8. The maintenance of a body of up-to-date local
environmental knowledge (LEK) Is key 1o functional
co-adaptation and restoration of H-E systems. The Dry-
lands Devedopment Paradigm also addresses the necds
of rescarch, management. and policy communities.

10.5 PERSPECTIVES

The world’s drylands are beset by problems of overuse
and mismanagement, and most are experiencing
declines in ecosystem health and productivity. Growing
human populations and changing economic struc-
tures can ackd further pressure w fragile lands (Depoer
201 1), Desertsfication is causing increasingly severe
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Figure 10.8 Project munager De Laurn Jackson at the restoration rescarch farm near oy, Arlzona. explored aptions fog
resoring abandaned farmland. Simple technigues of waler barvesting hastened recovery. but the project abso [Hustrated the
challenge of working on Jong-term problemys with short-teren (unding. (Photograph by David Bainbeidge. |

problems for local communitics and families and
despakr with the sulcide of more than 200000 farmers
in India in a litthe over 10 years (Sainath 2009). It leads
to unnecessary suflering. migration and displacement,
and unrest. Water is perhaps the most oritical concern.
but desertification olso Involves equally pressing cone
cerns about food. economics, Justice and blodhversity:
These problems are all expected to bacome worse as
climate change disrupts vainfall and steeam flow in arld
and semi-arid kands (Ribot et al. 1996: Lorimer o al,
2009). Solving these problems demands an under-
standing of ccological and cultural histories because
they develop over time and almost always involve
subtle or not so subtle signals and incentives that
encourage people 1o do the wrong thing. Historical
insights can help us plan polickes or developments
thal restore ecosystem structure and function, protect
and restore endangered species and ccosystems. and
improve the quality of life today and for future
generations,

Restoration research has impeoved our windersiand-
ing of the ccological ssues involved In restoration, but
this has done little 1o bmprove management, Successful
restoration in protected arcas has been possible. but the

key challenge today is improving management of arcas
tn use by addressing the ecological and socke-cconomic
causes of desertification. This elfort will benefit from
selting sustainability goals. better understanding less
disturbed reference ecosystems, developing and dem.
onstrating restoration approaches. ensuring funding
for long-term rescarch and addressing the potentially
critical impacts of cllmate chunge (Figure 10.8).

We must address the complex problem of desertifica.
tion and restoration of arld and semi-arld lands with
intefligence, commitment and compassion (Balnbridge
2007 ). Solutions are likely to be very different from
one arca to the next, rellecting the caltural, adminis-
trative and poditical differences present even when oco-
logical fuctors are similar. Restoration is both possible
and essential and can belp protect valnerable ecosys-
tems and communities from increasing risks from
global climate change while contributing to the devel-
opment of viable eco-cconomics (Brown 2001, 2005;
Critchley 2010)

The costs of ecological restoration are not Insignili-
cant, but the cost of not acting will be higher in terms
of human suffering and ecosystem damage. Combin-
ing restoration and improved management can provide



multiple benefits. As Scherr and Rhodes {2006) note,
“Synergics can be delivered by enhancing coordinition
and complenyentarity between existing conservation
and production strategles, Diverse stakeholders nead 1o
be collectively engaped in designing and delivering
strategies that dmultancously address the challenges
of meeting goals for rural livdiboods, food security and
environmentel sustainsbility’ (p. 23). Welk-funded res-
toratton cfforts in protected arcas can be undertaken
with optimism and expectation for success, Restorstion
projects for lands activedy being used or exploited or
abandoned lands hive been less common and demand
much more attention, If a mnge of optlons that previ-
ous rescarch has suggested are “best bets” are tested
and evaluated on each project arid and semb-arid lands,
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restoration projects can avold repetitive failures and
Impreve restoration practices moee ropidiy,

Sokutions that hadt and reverse desertification can be
found, but they won't reveal themselves without much
impreved, long-term. transdisciplinary research and
demonstration at field, community. and regional levels,
Restoration can improve the outlook for people and the
cnvipnment and reduce the risks of ecosystem col-
lapse and extensive migrstion. This is made even more
important by the sdded stress of climate change with
rising temperatures. bess rainfall, reduced streamtlow
and nore extreme weather events, Healthler and more
productive ecosystemns from improved management
are roee resilient and reduce the risk of ocosystem
collapse,
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