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A BSTR A CT
SAMeFrame is a cross-scnie sustainability assessment methodology framework directed at agricultural 
technology innovation performance evaluation. The system comprises a set o f  integrated spreadsheets for 
accounting the emergy balances from the agricultural and livestock production activities at three scales: I) the 
farm, 2) the region, and 3) the nation. Data needed to fulfil the requirements o f  SAM eFrame at the macro scales 
(country through county) arc obtained from the national, regional, and agricultural censuses, while micro-scale 
data are obtained directly from the farm records. Based on integrated emergy accounting, several performance 
indices arc calculated at all three levels o f analysis and displayed numerically and graphically in the assessment 
spreadsheets. The spreadsheets are used to evaluate impacts o f  changes in agricultural technology on emergy 
indices o f  sustainability. Data from a farm (or other niral activity) are entered into the “ farm-scale” spreadsheet 
and indices are automatically calculated. Comparisons can be made "before and after" technologicnl innovation, 
or between different technologies. The spreadsheet analysis methodology is demonstrated using data for the 
USA, Florida, and average conditions for six crops grown in Florida. Spreadsheets may be downloaded from the 
following URL: http://w w w.ees.uf1.edu/homeup/brown/cep/. When updated with national and regional data from 
other regions, they can be used to evaluate agricultural technology innovation in other parts o f  the world.

1. IN TR O D U C T IO N

It is a com m on practice to decide on the developm ent o f  plans, pro jects, and even technology 
research program s according to econom ic, technical, and po litical criteria. Environm ental 
quality, sustainable natural resource use, and socio-cultural im pacts se ldom  receive the 
required consideration, and w hen included, they  are ofte.-i considered  on ly  from  an econom ic 
perspective that offers a poor basis for dev ising  alternative, m ore appropria te  developm ent 
options.
T he introduction o f  sustainability  criteria into the decision  m ak ing  process brings about 
com plex conceptual and policy  o rientation  problem s. It in troduces not only  questions 
concerning  the definition o f  sustainable use o f  natural resources and the regenerative capacity  
o f  ecosystem s, but also questions concerning the trade-offs betw een  im provem ent and grow th 
o f  econom ic activities, environm ental conservation , and the fair sha ring  o f  w ealth  am ong the 
social groups involved.
I f  sustainability  is to be understood, incorporated into decision  m aking , and planned for, it 
m ust be quantitatively evaluated. T he “Sustainab ility  A ssessm ent M ethodo logy  F ram ew ork” 
(SA M eFram e) presented in this paper offers a system ic approach  based  on the energy flow s 
associated with all change processes brought about by the in trod u c tio n  o f  r r ,w agricultural 
activities in a rural establishm ent, especially  those associated  with technological innovations.
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T he system  com prises a tem plate for the gathering, docum entation , and synthesis o f  
inform ation on sustainable developm ent.

2. EN V IR O N M E N T A L  A C C O U N T IN G  W ITH  SA M EFR A M E

A gro-ecosystem s use environm ental energies d irectly  and indirectly  from  both renew able 
energy flow s and from  storages o f  m aterials and energies that resulted from  past biosphere 
production. A ccounting for all inputs to agro-ecosystem s, renew able, slow  renew able, and 
non-renew able alike, is im perative if  sustainability  is to be understood in an environm ental 
context, fa n n in g  system s and forest extraction involve both m onied and noil-m onied flows o f  
m aterials and energy, the totals o f  w hich determ ine sustainability  (B ro w n [l] , Rodrigues el
a im ) -
Using m ethods o f  environm ental accounting (O dum [3,4,5]), the flow s o f  both m onied and 
non-m onied m aterials and energy w ithin agro-production system s can be evaluated. T he use 
o f  m aterials, energy, labor, and m achinery as well as environm ental serv ices as both an input 
and a sink for by-products are evaluated  in their appropriate units such as tons, cubic m eters, 
hum an-hours, joules, etc. and integrated into a com m on basis using  techniques o f  em ergy 
analysis. Using this com m on em ergy unit, costs, im pacts, and changes in natural capital can 
be sum m ed to evaluate total environm ental sustainability  (U lgiati el al.[6]).
SA M eFram e is a cross-scale  sustainability  assessm ent m ethodology fram ew ork directed at 
agricultural technology innovation  perform ance evaluation. T he system  com prises a set o f  
integrated spreadsheets (M S Excel® platform ) for accounting the em ergy balances from  the 
agricultural and livestock p roduction  activities at the farm  level, the regional insertion o f  the 
farm at the county o r S tate  level, and the system ic evaluation o f  the country  and national 
agriculture (Figure 1).

Figure 1. System diagram o f  the energy flows and transformations at various scales, considered 
for the assessment o f  sustainability o f  rural activities with SAM eFrame
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D ata needed to fulfil the requirem ents o f  S A M eFram e at the m acro scales (country through 
county) are obtained from  the national, regional, and agricultural censuses, w hile m icro-scale 
data are obtained d irectly  from  the farm  records.
Based on this integrated em crgy accounting, a series o f  perform ance indices is obtained for all 
scales and expressed in num eric and graphic form at in the spreadsheets, facilitating a 
circum stantiated assessm ent o f  sustainability . E ach scale  considered  in the assessm ent is 
described in a general diagram  constructed  w ith  energy  system s language, and som e diagram s 
are used to express sum m ary results o f  the assessm ent. A ssessing  the contributions o f  an 
agricultural technology innovation  o r a rural activ ity  w ith  S A M eFram e involves filling out all 
required data on input use and production  (m arked cells in the spreadsheets -  dow nload 
available from h ttn ://w w w .cnvem ;.ufl.edu/liom epp/brow n/svseco /). All appropriate data from 
one scale spreadsheet are autom atically  transported  to the next scale, converging to com pose 
the “farm resu lts” spreadsheet. The resulting  em ergy  flow s are com posed  into a series o f  
indices concerning the sustainability  o f  the system s (F igure 2), that can be com bined and 
com pared to address issues o f  concern to public policy.

Product (Ylold, Y) = R + N + F 

% Rcnewnblo = R / (R + N + F)

Nonrenewable to Renewable Ratio = (N + F ) / R

EMERGY Yield Ratio = Y /F

EMERGY Investment Ratio = F /  (R + N)

Environmental Loading Ratio = (F + N) /  R

Figure 2. Some o f the emergy indices com posed into SAM eFram e for the assessment o f  
sustainability o f  rural activities (after Brown et al., 2000).

2.1. C ountry level assessm ent
T he em ergy evaluation o f  the country  establishes the large-scale resource base and econom ic 
setting for all productive activities developed in the sm aller scales, and m ust be the first step  
in the sustainability  assessm ent. A sum m ary  d iagram  o f  the m ain  energy pathways o f  the 
USA constructed with SA M eFram e is presented  in Figure 3. T h e  overall energy use and 
em ergy evaluation o f  the country are com bined w ith the m arket values o f  im ports, exports, 
and m oney flows to define the em ergy /m oney  ratio  for the national econom y. T his 
em ergy/m oney ratio influences all production activ ities w ithin the country, as well as the 
exchanges o f  goods and services betw een countries.
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Solar Emergy / Money =
1.18E25 s e j/y r  

9.94E12 $ / yr
= 1.19E12 sej / $

Figure 3. Summary results o f the overall energy use and emergy/money ratio o f  the USA (atler Odum, 
1996).

Essential indication o f  the sustainability  o f  a country  is given by the share o f  em ergy  (hat is 
obtained from the environm ent, or from  nonrenew able sources and storages. T he em ergy 
signature constructed w ith SA M cFram e for the USA is show n in Figure 4.
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Figure 4. Emergy signature o f  environm ent and econom y o f  the USA.
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2.2. N ational agriculture level assessm ent
T he general em ergy analysis o f  (he country  o ffers (he basis for assessing  (lie National 
A griculture and Livestock Production System , w hich  sets the econom ic and (lie resources 
environm ent for (lie insertion o f  thè farm. T h is large scale  structuring  o f  rural productive 
activities determ ines how the local production  o f  (he farm can m atch the em ergy investm ents 
characteristic  o f  (he w hole country, and belter rely on special local conditions to im prove 
sustainability . T he sum m ary em ergy Hows com paring  natural sources and purchased inputs o f  
the US National A griculture and Livestock P roduction  System  is show n in Figure 5.

Y 2 (S o lar  E M E IIG Y  o f  L ivestock) =  1 .48E 24

Y3 (T ota l S o lar E M E R G Y  o f  the S y ste m , =  4 .42E 24  

w ithout d ouble cou n tin g)

Figure 5. Summary emergy flows o f the US national agriculture and livestock production systems 
(after Ulgiali ct al., 1993).

2.3. C rops In national agriculture spreadsheet
T he ten m ost im portant products in the N ational A gricu ltu re  and L ivestock P roduction  
System  arc analyzed in this spreadsheet and the  sum m ary  results, em ergy  signature o f  
production and em ergy ralios, as well as transfo rm ity  values are show n in dedicated  tables 
and diagram s. All these large-scale assessm ents set the basis for com parison  w ith the local 
production at the farm  level (evaluated  in specific  sp readsheets). Each spreadsheet d isp lays 
com plete tables w ith em ergy ratios and d iagram s to facilita te such com parisons.

2.4. C ounty level spreadsheet

T he em ergy evaluation o f  the com ity (as inserted  w ith in  the larger scale o f  the country  and 
national agriculture) establishes the local resource base and econom ic  setting for the 
productive activities developed at the indiv idual farm  scale. T he overall energy use and 
em ergy evaluation o f  the county are com bined w ith  the m arket values o f  im ports, exports, and
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m oney flow s to define the em ergy/money ratio for the local economy. This em erg y /im n e y  
ratio influences all production activities within the county, as well as the exchanges ■ >ls 
and services between the county and the national economy. Essential indication ui the 
sustainability o f  a county Is given by the share o f  emergy that is obtained from the 
environment, or from nonrenewable sources and storages. In the presently available 
construction o f  SAMeFrnme, the county level Is represented by the Stale o f  Florida, which  
emergy signature is shown in Figure 6.
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Figure 6. Emergy signature o f  environment and economy o f Florida.

2.5. Farm  results spreadsheet

T he specific objective o f  SA M eFram c is the assessm ent o f  the contribution brought about by 
any given technological innovation or rural productive activity  to the sustainability  o f  the 
farm. T he procedure involves the cross-scale em ergy evaluation o f  the farm , as affected  by 
the technological innovation o r productive activity , and its effects on the insertion  o f  the farm  
into the local m arket and the national econom y. T he contribution  o f  any given technological 
innovation o r rural productive activity to the sustainability  o f  the farm  depends on how  it 
influences the local em ergy allocation and the m atch ing  o f  sources relative to the larger scale 
em ergy investm ents characterist'c  o f  the county  (at the local level) and the w hole country. 
T echnological innovations and productive activ ities that take advantage o f  local em ergy 
sources and storages, o r favor feedback Hows that im prove em ergy use effic iency, will 
increase the overall sustainability  o f  the  farm . T he final assessm ent o f  a technological 
innovation or a productive activity  is obtained by  com paring the em ergy ra tios and 
sustainability  indices o f  the farm , before and after technology adoption  o r activ ity  
introduction, as well as how these changes in fluence the farm perform ance relative to the 
larger scales presented in the respective coun try  and county spreadsheets.

2.6. Farm  crops and livestock sp r e a d sh e e t

T he m ost im portant crops and livestock p roduced in the farm arc analyzed in these two 
SA M eFram e spreadsheets, and the results are linked to com pose the “ farm  resu lts” 
spreadsheet. All the sum m ary results, em ergy signature o f  each production  process, em ergy  
ratios, as well as transforrnity values are show n in dedicated tables and diagram s in these farm 
crops and livestock spreadsheets.
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3. R E SU L TS

T he com position o f  SA M ePrnm e for the U SA , the national agriculture and selected 
agricultural production system s (corn, soybean , w heat, sugarcane, cotton, oranges, and cattle), 
the S tate o f  Florida, and the m ain F lorid ian  agricultural system s (the sam e sclcclcd for the 
national agriculture) representing  o typical- farm, resulted in a printed report w ith over seventy  
pages. The report offers a com plete em ergy  database o f  the econom y and resources use from  
the form to the national level, con tribu ting  tow ards the assessm ent o f  susta inab ility  o f  the 
agricultural production system s.
T he report show s that the S tate o f  F lorida provides im portant resource Hows to (lie country , 
especially  as m ined phosphates. T he em ergy  signature o f  the State o f  F lorida, how ever, show s 
the dependence on im ported fuels and serv ices, w hich constitute m ost o f  the inpu ts for the 
State econom y. In general, the (ransform ities o f  agricultural p roduction  in F lorida are 
considerably  larger than those ch aracteristic  o f  the national agriculture, w hich  indicates 
com paratively  less sustainable p roduclion  system s at (he state level.

4. C O N C L U SIO N

C ontrasting with econom ic benefit-cost analyses norm ally carried out to assess the 
perform ance o f  agricultural activities and technology  contribution tow ard sustainab ility  o f  
farm  system s, w hich are h ighly influenced by transitory  aspects o f  the m arket and do not 
account for environm ental issues in general, the integrated emergy assessm ent m ade possib le  
by SA M eFram e explicitly considers the cross-sca le  m atching o f  environm ental and purchased 
input uses. A ccordingly, the results ob ta ined  w ith SA M eFram e point oul that soil and w ater 
conservation practices are crucial for susta inab ility , and that these p ractices should  be greatly  
stim ulated. How ever, resources for such are  d ifficult to com e by, because the em crgy /m oney  
ratio characteristic o f  rural areas im poses that both  the farms and the national agricu ltu re , 
function as net providers o f  large am ounts o f  w ealth  to the urban m arkets.
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