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Traditional Agroproduction: A Case Study in
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Federico M. Pulselli and Vladimiro Pelliciardi
ABSTRACT
The emergy evaluation of the Ladakh socio-economic system and traditional agriculture is presented.
Ladakh is a region of West Himalaya (State of Jammu and Kashmir, northern India), geographically
classified as “high cold desert” (altitude ranging from 2300 m to 7672 m a.s.l.), located among the
Karakoram Range, the Himalayan Range and the Tibetan Plateau. The region is poor in natural
resources and, for centuries, the population has led a self-reliant existence, mainly based upon
subsistence agriculture and caravan trade. The local traditional agriculture, still the backbone of
regional economy, is governed by seasonal cycles and supported by the careful management of
environmental scarce resources (e.g. meltwater from glaciers) and man-made soil properties. This
system is diagrammed and the UEVs of some of the main products (barley, wheat, peas, mustard and
fodder) are calculated. At the regional level, population growth, the development of tourism, and the
progressive openness to external resources characterize the current development trend, especially in
the city of Leh. The steps towards modernization (e.g. infrastructural development or agriculture
mechanization) are encouraged for economic purposes; however, they may also bring about
unsustainable behavior in the use of resources and land, and a loss of traditional knowledge and
environmental wisdom. The analysis of emergy flows and indices highlights some peculiarities of the
area and the crucial role of environmental resources involved in local processes and activities.

INTRODUCTION
Ladakh is a region of northern India, situated in the West Himalaya, geographically classified as
“high cold desert” (Negi 1995) (altitude ranging from 2300 m to 7672 m a.s.l.). It is located between
the Karakoram Range (north), the Himalayan Range (south and west) and the Tibetan Plateau (east),
bordered by Pakistan, China, and the Lahaul & Spiti districts of Himachal Pradesh (India). Politically,
it is a division of the Jammu and Kashmir State of India, divided into two districts: Leh (area: 45110
km2; 147104 inhabitants), and Kargil (area:14036 km2; 143388 inhabitants). Both districts are
governed by their respective Ladakh Autonomous Hill Development Councils (LAHDC).
The population is rather scattered in almost all the accessible areas, with the exception of the cities
of Leh and Kargil. Settlements are typically located around the banks and terraces of major rivers and
streams. For centuries this population, living in an area that is poor in natural resources, has led a
relatively self-reliant existence, based upon subsistence agriculture and livestock husbandry (the socalled traditional land-based economy), but also upon trading goods with Tibet, central Asia, and the
Indian plain (Rizvi 1996). In particular, agriculture is the backbone of every village economy,
engaging up to the 70% of the working force (LAHDC-L 2009b). Traditional agricultural activity is
governed by seasonal cycles, and farming work is done with the help of nature and supported by a
careful management of scarce resources. Environmental resources, recycling, crop rotation, meltwater,
organic manure, human and animal labour are the components of the farming system. Sabharwal &
Singh (2005) noted that this “well-integrated, coordinated and balanced form of agriculture [...] has
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evolved in response to agro-climatic conditions unique in India”. Indigenous knowledge is a crucial
aspect. Verma (1998) stated that it is “the inter-generational wisdom of local inhabitants to perform
their livelihood operations in a most eco-friendly manner under remote, isolated and inaccessible
conditions characterized by harsh climate and limited survival options”.
In the last decades, the modernization and development programs from the central government
have resulted in an increasing reliance on the Indian plain economy (imported goods, subsidized food,
fertilizers and fuels). Sustainable development programs are thus needed to connect the new socioeconomic perspectives with the limits imposed by natural resources, without compromising the
cultural identity and the memory of the local multi-century man-nature co-evolution.
This paper proposes a time series evaluation of the district of Leh, together with the assessment of
the local traditional agroproduction, both based on emergy. The main characteristics of the region and
of the local farming system are highlighted, as well as the importance of resources and the value of the
work of nature in supporting activities. The application of emergy enables to identify, quantify and
assess the flows of resources feeding these systems and provides information for a sustainable use of
resources and land. It also gives the opportunity of enlarging local knowledge and monitoring
population behaviour, especially in this case in which the human activity strongly interacts with
ecosystems dynamics and resource cycles.

THE SYSTEMS UNDER STUDY
The Territorial and Socio-Economic System
Nowadays Ladakh society is in transition. New lifestyle, practices and social mores permeate the
local community against a backdrop of centuries of old indigenous tradition and culture (Morup 2010).
In 2005, the changes in socio-economic and cultural aspects led the LAHDC of Leh to formulate the
report “Ladakh 2025 Vision Document (VD)”, a road map to local sustainable development with the
aim of designing a framework to integrate modern dynamics within the ecological and cultural heritage
and social identity of the region. The Document states that the Leh district can be seen as “an ideal
society geared towards economic self-reliance, full employment and enhanced quality of life for its
people, with equity, social justice, rights, peace and freedom, and focus on vulnerable and
marginalised sections” (LAHDC-L 2005). The VD identifies the traditional land based economy and
the new service and off-farm economy as driving forces of the local development. In Figure 1 the
energy diagram of the territorial system is presented. The large rectangle defines the boundaries of the
Leh District system with an area of 51,358 hectares (LAHDC-L 2009a).
The main system component is the traditional land-based economy, fed by natural resources. A
crucial role is played by the stream of meltwater from glaciers, collected and distributed through manmade infrastructures. Glaciers are located within the administrative boundaries of the system, but they
are represented as a finite storage in a dashed box to indicate that local population cannot influence
their dimensions by withdrawing water; on the contrary, human activity can be affected by water
shortage in case of glacier reduction due to climate change. The population and urban centres,
represented by the large consumer on the right, also consume water and other materials extracted from
local storages as well as an increasing flow of goods from outside the boundaries of the system. A
limited energy production from fossil fuels (coming from external economies) meets the need of the
population, especially in the city of Leh. The traditional farming activity stimulates feedback flows of
energy and matter; however, modern dynamics are reducing the importance of the recycling practices
because some inputs are very easy to find: subsidized food and machineries, chemical fertilizers, and
more. Off-farm activities are also developing, in particular tourism (about 150,000 visitors/yr stimulate
the sector) (Pelliciardi 2010) and job opportunities in tertiary and service sectors, government and
military forces. These factors also influence economic growth, urbanization, and money circulation,
stimulate the importance of (international) markets and trade, and generate problems like pollution and
increasing pressure on infrastructural systems in the fields of water distribution, public heath, waste
disposal, power generation, etc. The system is analysed for the period 1999-2007 and the spatial
boundary of evaluation regards 511 km2 according data reported in LAHDC-L 2009a.
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Figu
ure 1. Energy diagram of Leeh district.

The Traditional Farming System
The traditionaal farming system is a cruciall component off the Ladakh soocio-economicc organization.
Thee F.A.O. (2008) classifies Lad
dakhi agricultu
ure among the possible “Globbally Importannt Agricultural
Herritage Systems””, defined as “rremarkable lan
nd use systems and landscapees which are riich in globally
sign
nificant biologiical diversity evolving
e
from the co-adaptattion of a comm
munity with itss environment
and its needs and
d aspirations for
fo sustainable development””. It can be seeen as an ordeered series of
cycllical sequentiaal operations: manuring, ploughing,
p
sow
wing, levellinng, channellinng, irrigating,
weeeding, harvestiing, threshing. Farmers man
nure the fieldss at the beginnning of springgtime using a
mix
xture of human and animal ex
xcreta. Traditio
onally, land preeparation is peerformed with aanimals. Field
weeeding is usuallly done by the women, oncce a month. W
Water for irriggation comes ffrom glaciers,
outsside the farmin
ng system. So
owing rates, irrrigation timess and water quuantity dependd on different
facttors: kind of crrop, soil, field topography an
nd location, av erage evapotraanspiration. Haarvesting goes
from
m late August till the end of September. Ex
xpected harvesst varies from yyear to year, aand even from
field
d to field, acccording to altittude, geomorp
phology, orienttation, sowingg rates, quantitty of manure,
wateer availability, and farmer knowledge
k
an
nd experience, among other factors. Cropp is treated to
sepaarate grain from
m straw, using animals and allso air movem ent and wind. F
Finally, crops are stocked in
the house
h
store.
Thee farm under study, located in
i Hemis Shuk
kpachan (36500 m a.s.l.), a vvillage within the district of
Leh
h, includes six small fields cu
ultivated by thee family of thee farmer (5 perrsons): barley ((750 m² + 950
m²),, wheat (1750 m²),
m peas (575 m²), mustard (1000
(
m²), foddder (2825 m²).
As shown in Figure 2, the system
s
is supp
ported by naturral inputs that are consumed or withdrawn
with
hout being ex
xhausted. Ren
newable resou
urces are loccally availablee according tto contextual
cond
ditions: for insstance, this areea is characterized by intensse solar radiation and scarce precipitation.
Melltwater from gllaciers plays a crucial role fo
or irrigation; itt is exploited tthrough an artiificial channel
systtem, and ratheer fair water rationing.
r
Glacciers are remoote and out off the farmers’ control: their
dependence on gllobal climatic conditions dettermines the vvulnerability off the farming system. Each
prod
duct generates straw and grain that suppo
ort animals annd the populatiion (consumerrs). The small
storrages represent infrastructuress (buildings, channels
c
and teerraces): these are very old annd built with
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Figu
ure 2. Energy diagram of thee traditional ag
gricultural pracctices in Leh ddistrict.
locaal materials so
o that their an
nnual influence in the calcuulation is neglligible. The syystem is also
charracterized by feedbacks.
f
Products are recycled both direcctly as seeds aand indirectly aas animal and
hum
man labour and
d organic manure. Part of th
he final producct is stored forr food securityy; the product
exceeeding the need
d is sold and money
m
(dashed arrows) is alsoo used to buy rrice, fruit, tea, ssugar and salt,
thatt, in the repressentation of traaditional farmiing activity, arre negligible fflows. Data and background
info
ormation (general questions to
o the Agricultu
ure Departmennt in Leh; specific questions directly to the
farm
mer, and direct field measurem
ments) have beeen collected dduring two misssions to Ladakkh in 2009 and
2010. Reference year
y
for the an
nalysis of farm
ming system iss 2010. UEVs available in literature have
been
n used.

RE
ESULTS AN
ND DISCUS
SSION
Table 1 and Figure
F
3 show
w the trend in the use of ressources, expresssed in emergyy. In absolute
term
ms, natural reso
ources play a fundamental
f
ro
ole in feeding tthe territorial ssystem. The m
most important
one is the melted water from glaciers, as it represents the m
main source of water for dom
mestic use and
irrig
gation. Its quaantity is two orders
o
of magn
nitude larger tthan that of w
water withdraw
wn from local
sourrces, also due to
t high UEV. Also
A extracted minerals and lloss of top soill are importantt categories of
reso
ources: the forrmer depends on urbanizatiion dynamics, the latter deerives from thhe progressive
mod
dernization of agricultural praactices that priivilege mechannization and thhe use of chem
mical fertilizers
insteead of the careeful managem
ment of soil fun
nctions and orgganic matter reecycling (Pelliiciardi, 2012).
Among imported resources,
r
the most
m importan
nt are energy, fo
food, building m
materials, and vvarious inputs
for agriculture. A special catego
ory is the geneeric miscellaneeous of goodss that includes,, for instance,
elecctronic and eleectric goods, plastic, rubber and paper com
mmodities, tobbaccos and liquuors (J. & K.,
2008). It reflects the tendency of
o people to pu
urchase a largge set of differrent goods com
ming from the
glob
balized world. All input aggrregates tend to increase in tim
me. In particulaar, extracted w
water and local
and purchased building materialls depend on urbanization
u
annd population growth; impoorted food and
enerrgy consumptio
on are stimulatted also by thee tourism indusstry and the inccrease of popuulation density
in the
t city of Leeh; the importt of fertilizerss and other cchemicals depeends on the cconversion of
agro
oproduction fro
om traditional into modern; the
t import of m
miscellaneous goods is due tto the increase
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in money availability and consumption propensity which are, in turn, influenced by new job
opportunities, especially in the urban centre, and commercial connections with outside the boundaries
of the system, and central government development plans.
Table 1. Emergy inputs to the territorial system (in semj/yr), time series 1990/00 – 2006/07. Baseline
15.83 x 1024 semj/yr (see Appendix A for calculations and UEVs).
R

N
F1

F2

U

1 Rain
2 Earth heat
3 Meltwater
4 Water
5 Sand and ballast
6 Loss of topsoil
7 Fuel & Coal
8 Cereals
9 Vegetables
10 Fruits
11 Sugar
12 Manufact. food
13 Animals
14 Fodder
15 Clothes
16 Cement
17 Iron bars
18 Build. materials
19 Mechanics
20 Fertilizers
21 Others chemicals
22 Miscellan. goods
Total Emergy flow

1999/00

2000/01

2001/02

2002/03

2003/04

2004/05 2005/06 2006/07

6.07E+18
4.53E+19
2.34E+20
3.14E+18
4.95E+19
2.23E+19
1.83E+19
1.37E+19
1.29E+19
2.37E+18
1.88E+19
5.19E+18
1.51E+19
2.26E+17
1.39E+19
1.79E+19
1.45E+19
2.05E+18
2.20E+18
1.20E+19
1.30E+19
7.55E+19
5.98E+20

6.07E+18
4.53E+19
2.69E+20
3.64E+18
5.18E+19
2.55E+19
1.99E+19
1.19E+19
2.46E+19
2.24E+18
1.95E+19
4.91E+18
1.76E+19
5.61E+17
1.39E+19
1.88E+19
1.57E+19
4.79E+18
1.81E+18
1.31E+19
1.79E+19
6.67E+19
6.55E+20

6.07E+18
4.53E+19
2.69E+20
4.23E+18
5.34E+19
2.56E+19
2.09E+19
1.57E+19
2.47E+19
2.41E+18
2.10E+19
5.63E+18
1.57E+19
6.08E+17
1.38E+19
1.93E+19
1.88E+19
2.80E+18
1.90E+18
1.58E+19
1.52E+19
9.46E+19
6.93E+20

6.07E+18
4.53E+19
2.68E+20
4.71E+18
5.67E+19
2.55E+19
2.05E+19
1.56E+19
2.76E+19
2.42E+18
2.57E+19
5.18E+18
1.75E+19
6.62E+17
1.61E+19
2.04E+19
1.62E+19
3.60E+18
2.19E+18
1.39E+19
2.01E+19
9.49E+19
7.09E+20

6.07E+18
4.53E+19
2.67E+20
5.47E+18
6.96E+19
2.54E+19
2.01E+19
1.69E+19
2.96E+19
3.05E+18
3.38E+19
5.60E+18
1.72E+19
6.42E+17
7.94E+18
2.50E+19
2.09E+19
4.06E+18
3.18E+18
1.53E+19
2.25E+19
1.79E+20
8.23E+20

6.88E+18
5.13E+19
2.67E+20
6.36E+18
8.12E+19
2.54E+19
2.38E+19
1.59E+19
2.79E+19
2.97E+18
2.02E+19
7.00E+18
1.58E+19
6.52E+17
9.43E+18
2.91E+19
1.68E+19
2.93E+18
1.69E+18
1.54E+19
2.17E+19
1.29E+20
7.78E+20

6.90E+18
5.15E+19
2.71E+20
7.30E+18
8.39E+19
2.58E+19
2.51E+19
1.45E+19
3.14E+19
3.43E+18
1.99E+19
3.17E+18
1.71E+19
5.30E+17
8.36E+18
2.99E+19
5.50E+18
4.54E+18
1.42E+18
1.42E+19
1.39E+19
1.78E+20
8.18E+20

6.90E+18
5.15E+19
2.71E+20
8.38E+18
9.65E+19
2.58E+19
3.20E+19
1.72E+19
2.90E+19
3.48E+18
2.22E+19
9.13E+18
1.86E+19
7.97E+17
1.18E+19
3.43E+19
2.21E+19
4.40E+18
5.35E+18
1.81E+19
2.09E+19
1.62E+20
8.24E+20

Note: To avoid double counting for total emergy flows, only the largest emergy input, among sun, rain and wind, has been
considered for Table 2 calculation.

eMergy Flows diagram time series 1990/00 – 2006/07 ( 8 years)
3.00E+20
2.50E+20
2.00E+20
1.50E+20
1.00E+20
5.00E+19
0.00E+00

1999/00
2000/01
2001/02

Figure 3. Emergy inputs to the system – time series 1990/00 – 2006/07.
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Miscellan. goods

Fertilizers
Others chemicals

Mechanics

Cement
Iron bars
Construct. materials

Clothes

Animals
Fodder

Cereales
Vegetables
Fruits
Sugar
Manufact. food

Fuel & Coal

Water
Sand and ballast
Loss of topsoil

Rain
Earth heat
Melting water

2002/03
2003/04
2004/05
2005/06
2006/07

Figu
ure 4. Comparrison of emergyy flow categoriies (1999/00 vss 2006/07).
Tab
ble 2. Emergy indices
i
for Leh
h district and alll India (1999/22000 - 2006/077)
1999/00
1

2000//01

2001/02

2002/03
2

2003//04

2004/05

2005/06

20066/07

Ep
pP = U / Pop. 5.41E+15 5.75E+
+15 5.91E+15 5.91E+15
5
6.71E+
+15 6.20E+15 66.37E+15 6.28E
E+15
ED
D = U / Area 1.32E+12 1.45E+
+12 1.53E+12 1.57E+12
1
1.82E+
+12 1.72E+12 11.81E+12 1.83E
E+12
Renew. %
48
49
46
45
39
42
40
40
1.09
1.05
1.16
1.22
1.48
1.50
EL
LR = (N+F)/R
11.59
1.39
0.66
0.83
0.85
EIR = F/(N+R)
0.63
0
0.72
0.74
00.97
0.78
2.20
2.18
EYR
E
= U/F
2.52
2.58
2
2.40
2.34
22.03
2.29

All India
2000
5.24E+15
1.79E+12
28
2.53
0.17
1.39

Figure 4 show
ws that all flo
ow categories are increased,, in absolute tterms, in the iinterval under
inveestigation. A decrease
d
in ren
newability and
d a parallel inccrease in the uuse of local nnon renewable
reso
ources and imp
ported goods must
m be acknow
wledged. Moreeover, the inpuuts from outsidde the system
are increasing in percentage
p
whiile the weight of local resourrces is decreasiing. This is refflected also in
the emergy indicess presented in Table 2.
The %R decreeases from 48 to
t 40% and thiis is in line witth the increase in ELR. It inddicates that the
tend
dency towards the use of non
n-renewable (b
both local and iimported) can be a threat to the system in
the future, also due
d to its intrinsic marginaliity and resourrce scarcity. T
The dependencce on external
inpu
uts is also high
hlighted by th
he EIR, slightly
y increasing, eeven though loocal resources still play the
mosst important ro
ole. The slow decrease in EYR
E
representts, however, a decreasing coontribution of
[R+
+N] to the emeergy used in th
he area. The em
mergy per cappita increased bby 16% in thee period under
stud
dy, especially in
i the first 5 years,
y
indicatin
ng that the deveelopment is geenerating a sloow increase of
reso
ource consumption. Also the ED is slightly increasing, buut since the ratiio is related to the portion of
land
d that is really accessible (thee high mountaiinside is not coonsidered in thhe reporting areea), the actual
conccentration of human
h
settlem
ments is very low and large portions of laand remain freee from direct
hum
man influence.
d
of Leh is
i not particularly stressed, buut the socio-economic dynam
mics of the last
Overall, the district
decaades are generrating changes especially in population andd market orgaanization, as w
well as in flow
dim
mension, job op
pportunity, inffrastructures (u
urban, rural), tourism system
m, agroproducction. Ladakh
sociiety is in transiition from a traaditional land based
b
economyy to a modern structure invollving different
set of
o resources an
nd also influenccing culture an
nd social behavvior.
A focus on th
he land-based economy can derive from thhe investigatioon of the tradittional farming
systtem. Table 3 presents the emergy inputts to 5 crop production syystems. All tthe fields are
charracterized by the
t same annu
ual contextual conditions (soolar radiation,, wind speed aand direction,
rain
nfall, geothermaal heat, togetheer with humidiity, soil and lannd relief) but bby different areea, quantity of
wateer for irrigation
n, and quantity
y of organic maanure utilized. The main emeergy input is m
meltwater, also
charracterized by high
h
UEV. Hu
uman and anim
mal work and sseed can be connsidered as feeedback flows.
Loss of topsoil is not included because
b
the faarmers have alw
ways been ablle to maintain soil functions
yearr after year, thaanks to crop ro
otation and exccreta recycling.. Finally, no innput from outsiide the system
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is necessary to support the production. Yield is often good, so that the UEVs of the products (Table 4)
are comparable with those of similar products from conventional (intensive) agriculture.
Also topsoil can be considered a co-product of the entire system, whose UEV is given by dividing
the entire emergy flow (everything that is necessary in order to have a residue to be recycled in the
ground) by the energy embodied in manure conferred in the fields minus the energy loss due to top soil
erosion and cultivation. Formally:
UEVsoil [semj/J] = total emergy [semj/yr] / (energy conferred with manure – energy
loss by erosion and cultivation) [J/yr].
The result of this calculation (1.62 x 107 semj/J – see Appendix C for details) is a site-specific
UEV of man-made agricultural fertile soil: it is the product of centuries of fair resource management
aimed at concentrating and storing (indirect) solar energy into the ground and can be used in those
cases in which chemical fertilizers are progressively used in fields that were previously cultivated with
a traditional soil fertility management, as in the surroundings of the Leh town.
Overall, this kind of system has been able, for a very long time, to produce, select and recycle all
the matter and energy necessary for the activity to be maintained indefinitely. It has always been well
integrated within the ecosystem dynamics, using resources without compromising their availability and
closing cycles. Problems related to resource scarcity and unfertile soil have been tackled through
careful management and social control. At the same time, however, the fact that only few inputs are
used to generate agroproducts for people’s subsistence implies that the vulnerability, as a lack of
resource redundancy, of this system must also be taken into consideration; moreover, the dependence
on remote water sources, climatic events, together with other factors such as population growth in
certain areas and the transition of society towards modernization, may influence the delicate
relationship between man and its environment.
Table 3. Emergy inputs to the traditional farming system. Baseline: 15.83×1024 semj/yr (see Appendix
B for calculations and UEVs).
Input
Field area
1

Sunlight

2

Rain

3

Wind

4

Earth heat

5

Meltwater

emergy flow
emergy flow
emergy flow
emergy flow
emergy flow
Total emergy flow = 2 + 4 + 5

Unit
m2
J/yr
semj/yr
g/yr
semj/yr
J/yr
semj/yr
J/yr
semj/yr
g/yr
semj/yr
semj/yr

Barley
1700
1.10E+13
1.10E+13
1.77E+08
2.56E+13
5.49E+08
1.34E+12
2.95E+09
1.70E+14
4.28E+08
2.74E+15
2.94E+15

Wheat
1750
1.13E+13
1.13E+13
1.82E+08
2.64E+13
5.65E+08
1.38E+12
3.04E+09
1.75E+14
5.39E+08
3.45E+15
3.65E+15

Peas
575
3.72E+12
3.72E+12
5.98E+07
8.67E+12
1.86E+08
4.55E+11
9.97E+08
5.76E+13
1.29E+08
8.24E+14
8.91E+14

Mustard
1000
6.47E+12
6.47E+12
1.04E+08
1.51E+13
3.23E+08
7.91E+11
1.73E+09
1.00E+14
2.24E+08
1.43E+15
1.55E+15

Fodder
2825
1.83E+13
1.83E+13
2.94E+08
4.26E+13
9.12E+08
2.23E+12
4.90E+09
2.83E+14
3.16E+08
2.02E+15
2.35E+15

Table 4. Agroproducts of the farming system (in g and J) and corresponding Unit Emergy Values.
Output
Grain
Straw
UEVs
Grain
Straw

Unit
g/yr
J/yr
g/yr
J/yr

Barley
3.41E+05
5.58E+09
4.82E+05
7.79E+09

Wheat
3.41E+05
5.50E+09
4.81E+05
7.55E+09

Peas
4.80E+04
7.85E+08
7.26E+04
1.14E+09

Mustard
8.00E+04
1.57E+09
1.20E+05
1.89E+09

Fodder
2.26E+06
4.10E+10

semj/g
semj/J
semj/g
semj/J

8.61E+09
5.27E+05
6.09E+09
3.77E+05

1.07E+10
6.64E+05
7.60E+09
4.83E+05

1.86E+10
1.13E+06
1.23E+10
7.80E+05

1.94E+10
9.87E+05
1.29E+10
8.21E+05

1.04E+09
5.73E+04
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CONCLUSION
The system under study seems to be an example of compliance with the rules of sustainability, i.e.
durability, respect of biophysical limits, preservation of relations among people and between the
community and the environment (see Pulselli et al. 2008). At the same time, the extreme climatic
conditions and resource scarcity have always been crucial in determining the limiting factors of local
development: these limits must be carefully considered in order to assure sustainable perspectives. For
long time, “renewability” has been the keyword of the Ladakhi attitude and local nonrenewable natural
capital has not been systematically depleted. However, modern dynamics are slightly influencing the
impact of the population on the environment; consequently, attention should be paid to the use of
resources, both local and imported, and land, and some tools must be adopted to investigate these
aspects.
Emergy gives the opportunity to improve the knowledge on the dynamics of this system. This is a
prerequisite for checking its state under the influence of modernization and globalization. In stating
how to implement the Ladakh Vision Document, local authorities and stakeholders expressed the need
of coordination and convergence among the components of the system and a systematic investigation
in order to gain the information necessary to implement right programs and plans. In our opinion,
emergy gives the basis for collecting and representing this information in an organic way; furthermore,
it seems an efficacious and suitable tool in particular for this system in which the link between human
activities and the environment is very strong.
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APPENDIX
Appendix A. Calculation and UEVs for Table 1

(1) Rain = (District area) m2 x (annual average rainfall) m/yr x (water density) 1E+06 g/m3 = g/yr. Annual average
rainfall = 0.104 m/yr (Archer & Fowler 2004). (2) Earth heath = (District area) m2 x (heat flow) W/m2 x (365 x 24 x 60 x
60) (one year period in second) = J/yr. Average heat flow = 0.055 W/m2 (Hochstein & Regenauer-Lieb 1998). (3)
Meltwater = (Irrigated area) m2 x (evapotraspiration supply by irrigation) m/day x (cropping season avg. days per year)
day/yr x (water density) 1E+06 g/m3 = g/yr. Average evapotraspiration = 0.0043 m/day (Osmaston 1994); cropping
season avg. days per year: 93 (LAHDC-L 2009a). (4) Water = (Resident + Floating population) pc x (annual estimated
per capita consumption) m3/pc yr x (water density) 1E+06 g/m3 = g/yr. (5) Sand & Ballast = (number of imported
cement bags per year) n° x (bag weight) 50 kg/bag x 5 (assumed the following quantity to make regular concrete: 1 part
in weight of cement + 2 parts dry sand + 3 parts dry stone (+ 1/2 part water)). (6) Loss of top soil = (Irrigated Area) m2 x
(average speed erosion) g/m2 yr x (percentage of organic matter in soil) %/100 x (average energy content in organic
matter) J/g = J/yr. Average erosion rates = 1.00 E+06 g/ha yr = 1.00 E+02 g/ m2 yr (Dawa 2008), organic matter 0,68 %
(Sagwal 1991), energy contents 20930 J/g (Odum 1996). From item 7 to 22, the quantity of manufactured goods, fuel,
food, and other commodities imported into Leh District, expressed in g/yr (and in some cases transformed into J/yr), has
been calculated by scaling down aggregated data for Jammu & Kashmir State, referred proportionally to the number of
inhabitants or workers employed in each specific manufacturing sector.
Values and references for UEVs: 1.45E+05 semj/g n° 1, 1.68E+09 semj/g n° 5, 6.69E+04 semj/J n° 7 only for Coal,
and 1.68E+09 semj/g n° 18 only for Quarry (Odum et al., 2000); 5.78E+04 semj/J n° 2 (Odum, 1996); 6.40E+06 semj/g
n° 3 (Odum, 2000); 3.42E+06 semj/g n° 4, 3.04E+09 semj/g n° 16 (Pulselli et al., 2009); 1.62E+07 semj/J n° 6 (this
study); 2.92E+09 semj/g Petrol, 2.83E+09 semj/g Diesel, 3.11E+09 semj/g GPL, 2.64E+09 semj/g Lubricant, 2.88E+09
semj/g Kerosene Oil, all n° 7 for Fuel (Bastianoni et al., 2009); 1.36E+09 semj/g n° 8, 6.79E+08 semj/g n° 18 only for
Wood, 3.97E+08 semj/g n° 14 (Castellini et al., 2006); 1.09E+10 semj/g n° 9 and 4.05E+10 semj/g n° 20 (BrandtWilliams 2002); 1.44E+09 semj/g n° 10 (Niccolucci et al., 2010); 1.40E+10 semj/g n° 11 (Simoncini et al., 2009);
3.24E+09 semj/g n° 12 (Ulgiati et al., 1993); 2.23E+10 semj/g n° 13 (Ulgiati et al., 1994); 1.29E+11 semj/g n° 15,
1.01E+10 semj/g n° 17 and n° 19, 1.53E+10 semj/g n° 21 (Campbell et al., 2005); 1.41E+09 semj/g n° 18 only for
Glass (Odum & Odum, 1987); 1.30E+10 semj/g n° 22 (Odum & Odum, 1983).

Appendix B. Calculation and UEVs for Table 3

(1) Sunlight = (field area) m2 x (average annual insolation) J/m2 yr x (1-albedo) = J/yr. Annual average insolation =
7.80E+09 J/m2 yr (Jacobson 2000); albedo 0.17 (bare soil Markvart & CastaŁżer 2003). (2) Rain = (field area) m2 x
(annual average rainfall) m/yr x (water density) 1E+06 g/m3 = g/yr. Annual average rainfall = 0.104 m/yr (Archer &
Fowler 2004). (3) Wind = (field area) m2 / (altitude) m x (density of air) 1.23 kg/m3 x (average wind speed square)
(m/s)2 x (diffusion coefficient) m2/s x (one year period in second) (365 x 24 x 60 x 60) s/yr = J/yr. Altitude = 3650 m asl;
average wind speed = 1.4 m/s (Bansal & Yadav 2000); diffusion coefficient = 15.1 m2/s (Campbell 1998). (4) Earth
heath = (field area) m2 x (heat flow) W/m2 x (365 x 24 x 60 x 60) (one year period in second) = J/yr. Average heat flow =
0.055 W/m2 (Hochstein & Regenauer-Lieb 1998). (5) Meltwater = (cultivated area) m2 x (height of water irrigation)
m/day x (cropping season avg. days per year) day/yr x (water density) 1E+06 g/m3 = g/yr. Height of water diverted into
field calculated through the volume measured during one day irrigation = 0.028 m/day (personal measure); number of
days for irrigation during one year cropping season: 9, 11, 8, 8, 4 day/yr respectively for barley, wheat, peas, mustard,
and fodder (farmer communication).
Values and references for UEVs: 1 semj/J, for input n° 1 and 5.78E+04 semj/J for input n° 4 (Odum 1996); 1.45E+05
semj/g for input n° 2 and 2.45E+03 semj/J for input n° 3 (Odum et al. 2000); 6.40E+06 semj/g for input n° 5 (Odum
2000).

Appendix C. Calculation and UEVs of man-made soil
Quantity of manure (barley and wheat only) = 2725 kg/yr; energy content in manure = 72 kcal/kg (Gezer et al. 2003);
total energy contribution to soil by manure = (quant. of manure) kg x (energy content in manure) kcal/kg x 4186 J/kcal =
8.21E+08 J/yr. Energy lost from top soil erosion in cultivated area = 6.8E+03 g/ha/yr (org. mat. loss) x 5 kcal/g (Odum
1996) x 4186 J/kcal = 1.42E+08 J/ha/yr. Loss of organic matter = m2 (field area) x 100 g/m2 yr (mass of topsoil loss) x
0.0068 (organic matter content) = 6.8E+03 g/yr. Erosion rate = 1.0 tonnes/ha yr (Dawa 2008) equals to 100 g/m2 yr;
average of organic matter content in soil 0.68 % (Sagwal 1991).
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