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The whole is not always the sum total of the parts. 

I. Why Systems Research?

• IN SOME SYSTEMS, THE VALUE IS ONLY IN THE INTEGRATION

…Why Systems Research cont’d?

• But the parts are also important: if a part is missing/malfunctioning part  the whole 
system malfunctions/stops to function
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…Why Systems Research cont’d?

b ’ hEvery member’s happiness 
determines a family’s 
happiness

If a member is hurting, the whole family hurts 

• FARMERS THINK AND ACT IN A SYSTEMS CONTEXT: 

o POSSIBLE REASON FOR LOW ADOPTION OF 

… Why Systems Research? (cont’d)

TECHNOLOGIES?

• FARMERS DIVERSIFY TO REDUCE RISK 

o MULTIPLE ENTERPRISES

o MULTIPLE SPECIES

BALANCING BETWEEN PRODUCERS & CONSUMERS• BALANCING BETWEEN PRODUCERS & CONSUMERS

o MARKETS, PRICES, SUBSIDIES, TAXES…

• THE ONLY WAY TO PUSH THE SCIENTIFIC FRONTIER?

o WHEAT HAS REACHED/IS APPROACHING ITS GENETIC YIELD 

BAR?
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• Every system is composed of sub-systems

Boundary
Interrelationships

II. Important considerations in systems research

Output(s)Input(s)

System A

Components 
(or  sub-systems)

Systems are 
composed of 

b t

Regional economic system

(Supra) National  econoc system

Regional 
system B

Regional 
system A

Soils, climate, 
vegetation Agricultural Secondary 

…Systems research considerations cont’d

sub-systems

Agricultural 
production Farm 

household
Cropping 
system(s)

Livestock 
system(s)

Farm system

Villages

Communities, Watersheds/catchments

sector sector

systems
as a 
Hierarchy 
of
Sub-systems

Fresco & Westphal (1988) 
Exptl. Agric. 24, 399-419 Crop production system livestock production system

Livestock systemCropping system

Crops weeds

Soil

Herds Pastures

Feed
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Policies

Scales, hierarchies, boundaries, elements, relationships

…Systems research considerations cont’d

System boundary

Policies

M k t

Water resources

members

assets

Inputs

OutputsHousehold

Household

Source: http://www.apsru.gov.au/ - with some modifications by myself

Institutions

MarketsHousehold

• Trade-offs/synergies

…Systems research considerations cont’d

Watershed

Source: Tittonel, P. 2012. IAAS training, Montpellier, France.
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• Production systems (PS) are complex
• Prohibitively massive data needed

III. Systems modeling: where do we start?

y
• Surveys and measurements
• Multidisciplinary experiments 

Modeling a necessity for systems research
• Modeling PS extremely challenging 

Starting simple and small – wise

Impossible

Starting simple and small – wise
o Helps draw some lessons
o Helps breaking into sub-systems 
o Makes integration easier

• FARM HOUSEHOLD – A GOOD PLACE TO START

oTARGETS THE MAIN SUBJECTS OF ANY 

... Systems modeling: where do we start? Cont’d

INTERVENTION

oHOUSEHOLDS ARE THE MOST INFLUENTIAL 

COMPONENTS OF ANY PRODUCTION SYSTEM

oHOUSEHOLDS COMBINE THE SOCIO-ECONOMIC 

AND THE BIO-PHYSICAL

oBEST LINK BETWEEN THE LOWER AND UPPER SCALES

oRESULTS HAVE WIDE IMPLICATIONS

• POLICY, RESEARCH, DEVELOPMENT, EXTENSION, …
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Assets:
- Physical

Environment/
Weather/Climate

Technologies

IV. Building bio-economic farm household models

Physical
- Social
- Financial
- Human
- NaturalInstitutions

Farm 
Household2

Farm 
Household3

Farm 
Household1

Farm 
Household-N

C it 1 C it 2

Community-N

Policies

Markets

Community1 Community2

Community3

… Building bio-economic FH models (cont’d)
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• Farm households have objectives & aspirations
• Variation in behavior, access, relations … among 

farm hhs

... Building bio-economic FH models (cont’d)

farm hhs
o A need for establishing farm household typologies

• Economists assume objective: maximize utility:
o Max benefits

• Maximize expected Revenue
• Minimize cost

F il  f d lf ffi io Family food self sufficiency
o Min risk
o Max benefits and min risk
o Sustainability/conservation

• Objective pursued subject to opportunities and 
constraints

... Building bio-economic FH models (Cont’d)

constraints
o Resources/assets
o Policies, institutions, markets,…
o Enterprises 
o Weather/climate, …

F  d f  h i io Farm and farmer characteristics
o Weather and climate
o Technology choice and agronomic practices
o Relationships
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Elements of a bio-economic systems modeling

Improved varieties 
- Cereals (1,2,3,…)
- Legumes (i,ii,iii,iv)

Baseline/Characterization 
-Social, economic, policy, 
institutional, market, bio-

Crop simulation 
model

Improved breeds and 

Improved dairy 
processing techniques

Improved land and water 
management techniques
- Water harvesting (A,B,C)
- Soil conservation (D,E,F,G)

- Tillage types (ZT/MT)
- Crop rotation (A, B, C)
- Residue retention (1,2,…, N)

Sowing date (i  ii  iii  iv)

physical

Bio-economic 
model

Li t k feed
- Goats (A,B,C)
- Sheep (D,E,F,G)
- Feed, forage 

- Sowing date (i, ii, iii, iv)
- Organic fertilizers (manure)
- Diversification & sustainability  

options

Livestock 
simulation model

Geo-informatics
• Historical &forecasts 

of weather

Magnitude, variability, 
distribution of resources: 
soil, water, forest,

... Building bio-economic FH models (Cont’d)

• Calibration and Validation important
• Model can be used to determine: 

o Optimal enterprises
o Optimal land use
o Optimal combination of technologies
o Expected impacts on:

 Farm profits /Household Income Farm profits /Household Income
 Food security (HH/aggregate) & Nutrition
 Quality/quantity of natural resources
 Environmental sustainability

o Potential opportuniteis and risk of the system
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... Building bio-economic FH models (Cont’d)

• Bio-economic FH models can be scaled up to:
o Communityo Community
o Catchment
o Region
o National

• Aggregation
Si l  O ti i i  A to Single Optimizing Agent

o Using multi-agent modeling
o Using relative weights

• Incorporating geo-references at all scales

... Building bio-economic FH models (Cont’d)

• Bio-economic models can be used for estimating 

potential impacts (at all scales) - scenario 

simulations

o Socio-economic, policy, institutional and markets

o Technological changes

o Climate change
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... Building bio-economic FH models (Cont’d)

• Base models use historical weather data for:

o Establishing probabilities of states of nature

o Determining magnitude & distribution

D t i i  i t  & i t t l i bilit  o Determining inter & intra-temporal variability 

• Bio-economic models: as tools for cc adaptation

... Building bio-economic FH models (Cont’d)

o Use predictions from CC models

o Replace all the weather parameters in the base model 

with their predicted future values

o Simulate for individual & combined changes of:o S u a e o  d v dua  & co b ed c a ges o :

• policies, technologies, institutions, markets  and CC
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VI. CONCEPTS OF OPTIMIZATION

• DEFINITION (MATHEMATICS): 

• OPTIMIZATION IS A PROCESS/METHOD OF FINDING 

THE OPTIMAL MIX OF VALUES FOR DECISION 

VARIABLES THAT WILL LEAD TO THE 

MAXIMUM/MINIMUM ACHIEVABLE VALUE FOR THE 

OBJECTIVE FUNCTION UNDER A SET OF 

CONSTRAINTS.

…CONCEPTS CONT’D

• OBJECTIVE FUNCTION: IS A FUNCTION DESCRIBING 

THE RELATIONSHIP BETWEEN OUTCOME/IMPACT /

VARIABLE AND THE DECISION VARIABLES

• OUTCOME/IMPACT VARIABLE: THE VARIABLE (OR 

ISSUE) THAT YOU WANT TO DO SOMETHING ABOUT

• PROFIT

• COST

• NUTRIENT UPTAKE BY PLANTS

• SOIL EROSION, …
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… CONCEPTS CONT’D

• OBJECTIVES: WHAT YOU WANT TO DO WITH 

YOUR OUTCOME/IMPACT VARIABLE :

• MAXIMIZE PROFIT OF YOUR FARM

• MINIMIZE COST OF A ROUND TRIP BY CAR FROM 

HOME TO WORK IN CAIRO.

• MAXIMIZE NUTRIENT UPTAKE BY PLANTS

• MINIMIZE SOIL EROSION, …

… CONCEPTS CONT’D
• DECISION VARIABLES: THE VARIABLES, THE VALUES OF 

WHICH YOU ALTER TO ACHIEVE YOUR OBJECTIVE:WHICH YOU ALTER TO ACHIEVE YOUR OBJECTIVE:

• MAXIMIZE PROFIT OF YOUR FARM: CHOOSE AMOUNT OF INPUTS 

OF PRODUCTION AND MANAGEMENT TECHNIQUES

• MINIMIZE COST OF A ROUND TRIP BY CAR FROM HOME TO WORK 

IN CAIRO: CHOOSE ROUTE AND TIME OF THE DAY

• MAXIMIZE NUTRIENT UPTAKE BY PLANTS: CHOOSE QUANTITY AND 

TIMING OF FERTILIZER AND IRRIGATION APPLICATIONS

• MINIMIZE SOIL EROSION, … CHOOSE TILLAGE AND OTHER S&W 

CONSERVATION MEASURES TO IMPLEMENT ON YOUR FARM
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VII. EXAMPLES OF OPTIMIZATION 
PROBLEMS

1) SUPPOSE: THE PROFIT FUNCTION OF A FARM IS GIVEN BY:

PROFIT (PRO) = -2X2 + 60X +100, WHERE 

X IS THE AMOUNT OF WATER (M3) USED.

QUESTION: HOW MUCH WATER SHOULD THE FAMER USE 

TO MAXIMIZE HER PROFIT?

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

A) Graphical Solution

262

388

478

532
550

532

478

200

300

400

500

600

Pr
of

it

Profit(Pro)=-2*X2+60*X+100

What is the max 
possible profit? What if the government 

imposes a condition 
that irrigation water 
<=12. Where is the 
feasible range?

What would be the 
100

0

100

200

0 3 6 9 12 15 18 21

X=Irrigation waterWhat is the level of 
irrigation that leads to the 
maximum possible profit?

What would be the 
maximum 
possible profit 
now?
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

2) SUPPOSE: THE PROFIT FUNCTION OF THE FARM IS INSTEAD:

PROFIT (PRO) = -2X2 + 60X - 3Y2+72Y+100, WHERE 

Y = AMOUNT OF FERTILIZERS IN KG 

X = AMOUNT OF WATER IN M3 USED.X  AMOUNT OF WATER IN M USED.

QUESTION: HOW MUCH WATER AND FERTILIZERS 

SHOULD THE FAMER USE TO MAXIMIZE HER PROFIT?

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

A) Graphical Solution

300

400

500

600

700

800

900

1000

Pr
of

it

Profit surface
What is the max 
possible profit?

What are the levels of irrigation 
and fertilizer that lead to the 
maximum possible profit?

5
10

15
20

0

100

200

0
5

10
15

20

0-100 100-200 200-300 300-400 400-500 500-600 600-700 700-800 800-900 900-1000

What if the government 
imposes a condition that 
Y/X>=1.5?

It is possible but 
difficult to tell 
results from the 
graph!
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

3) SUPPOSE THE PROFIT FUNCTION OF THE FARM IS INSTEAD3) SUPPOSE: THE PROFIT FUNCTION OF THE FARM IS INSTEAD:

PROFIT (PRO) = -2X2 + 60X - 3Y2+72Y-20Z+50Z2+100, WHERE 

Y = AMOUNT OF FERTILIZERS IN KG 

X = AMOUNT OF WATER IN M3

Z = AMOUNT OF SEED USEDZ = AMOUNT OF SEED USED

QUESTION: HOW MUCH WATER, FERTILIZERS AND SEED 

SHOULD THE FAMER USE TO MAXIMIZE HER PROFIT?

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

A) Graphical Solution

???
Requires a 4-D diagram. 

Inconceivable!!!
A need for other methods.
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

REVIEW OF FIRST AND SECOND DERIVATIVES OF 

B) Calculus for solving Optimization Problems
REVIEW OF FIRST AND SECOND DERIVATIVES OF 

POLYNOMIAL EQUATIONS

• SUPPOSE WE HAVE A FUNCTION F(X)= XA, THEN THE FIRST DERIVATIVE 

DENOTED BY F’(X) = A*XA-1. FOR ANY REAL NUMBER A.

• LIKEWISE, IF F(X) = BXA, 

THEN THE FIRST DERIVATIVE IS GIVEN BY: F’(X)=A*BXA-1

Example1: Y=X3, then Y’= 3*X(3-1)=3*X2

Example2: Y=4*X3, then Y’= 3*4*X(3-1)=12*X2

Example3: Y=7*X0.2, then Y’= 0.2*7*X(0.5-1)=1.4*X-0.8

Example4: Y=1*X(1/3), then Y’=(1/3)*1*X((1/3)-1)=(1/3)*X-(2/3)

Example4: Y=4*X, then Y’= 1*4*X(1-1)=4*X0=4*1=4

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

Calculus for solving Optimization Problems cont’d
• SUPPOSE SE HAVE A FUNCTION F(X)= XA, THEN 

• THE FIRST DERIVATIVE F’(X) = A*XA-1, 

• THE SECOND DERIVATIVE DENOTED BY F’’(X)=(A-1)*A*X((A-1)-1) =(A-1)*A*X(A-2) 

• LIKEWISE, IF F(X) = BXA,  F’(X)=A*B*XA-1 AND F’’(X) = (A-1)*A*B*X(A-2)

* * (3 1 1) *Example1: Y=X3, then Y’= 3*X(3-1)=3*X2

Example2: Y=4*X3, then Y’= 3*4*X(3-1)=12*X2

Example3: Y=7*X0.5, then Y’= 0.2*7*X(0.5-1)=1.4*X-0.5

Example4: Y=1*X(1/3), then Y’=(1/3)*1*X((1/3)-1)=(1/3)*X-(2/3)

2*3*X(3-1-1)=6*X, AND Y’’=

AND Y’’= 2*12*X=24*X

AND Y’’= 0.7*X(-0.5)

AND Y’’= (2/9)*(-1/3)

Example4: Y=8*X, then Y’= 8 AND Y’’= 0



4/27/2016

18

CALCULUS FOR SOLVING OPTIMIZATION 
PROBLEMS CONT’D

WHAT DOES THE FIRST DERIVATIVE TELL US?• WHAT DOES THE FIRST DERIVATIVE TELL US?

• THE FIRST DERIVATIVE OF A FUNCTION IS A MEASURE OF THE 

SLOPE OF THE CURVE/SURFACE FOR DIFFERENT VALUES OF 

THE EXPLANATORY VARIABLE

• EXAMPLE: PROFIT (PRO) = -2X2 + 60X +100

PRO’=-4X+60, THEREFORE, AT X=0, SLOPE OF PRO=60 

X 0 1 5 10 15 20

Slope of Profit Function (PRO’) 60 56 40 20 0 -20

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

A) Graphical Solution

262

388

478

532
550

532

478

200

300

400

500

600

Pr
of

it

Profit(Pro)=-2*X2+60*X+100

Can you relate the profit 
Maximizing level of X and 
slope of the profit curve?

The slope of the profit 

100

0

100

200

0 3 6 9 12 15 18 21

X=Irrigation water

curve is zero! But what 
does that mean?

I.e., Pro’=0
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

Does a zero slope guarantee a maximum value for a function?
S  P fit  24  + 2X2 L  l  h  l  PRO’  24 + 4XSuppose Profit = -24x + 2X2 Lets plot the slope: PRO’ = -24 + 4X

X 0 1 5 6 8 10 15 20
Slope of Profit Function -24 -20 -4 0 8 16 36 56

At the value of irrigation water at which 
slope of profit curve =0, profit is not 
maximum! Oooops!!!

A zero slope only tells us that we have 
 l l i  b   h  l

0 1 5 6 8 10 15 20

a local optima but not what exactly.

A zero slope therefore forms the FIRST 
ORDER CONDITION (FOC) which is A 
NECESSARY but not sufficient condition 
FOR A LOCAL OPTIMA)

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

• SO IF WE DON’T USE THE GRAPHICAL METHOD, HOW DO WE KNOW 

WHAT WE HAVE IS A MAXIMUM OR A MINIMUM?

• WE NEED A SUFFICIENT CONDITION: 

• WE USE SECOND ORDER CONDTION (SOC)

• AT THE LOCAL OPTIMUM VALUE, THE SLOPE OF THE SLOPE CURVE FOR THE 

FUNCTION MUST BE:

• NEGATIVE FOR A LOCAL MAXIM I.E., F’’<0

• AND

• POSITIVE FOR A LOCAL MINIMA, I.E., F’’>0

• THEREFORE, FOR PROFIT (PRO) = -2X2 + 60X +100, PRO’=0 X=15, 

I.E., AT X=15 WE HAVE A LOCAL OPTIMA. PRO’’ = -4X          PRO’’(15)=-60

These are sufficient 
conditions
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

GOING BACK TO OUR EXAMPLES:

EXAMPLE 1 PROFIT (PRO) = 2X2 + 60X +100  PRO’=0 X=15  EXAMPLE 1: PROFIT (PRO) = -2X2 + 60X +100, PRO’=0 X=15, 

I.E., AT X=15 WE HAVE A LOCAL OPTIMA. 

PRO’’ = -4X          PRO’’(15)=-60 

Is that a maxima or a minima? We have a maximized at x=15

Example 2: Profit = -24x + 2X2, Pro’=0          X= 6

What do we have at X=6? A minima!

i.e., at X=6 we have a local optima. 
Pro’’ = 24, i.e., at any value of X, Pro’’>0       

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

2 Unknowns and 2 equations

Unique solutions

Is the value of X a minima/maxima?
We need the SOCs!
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

A Local Minimum

A Local Maximum

A Local Minimum

A saddle point
SOC test is inconclusive
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

Which one is a minima and which one a maxima?

We don’t know, we have to check the SOC.

…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

Tip: The Hessian matrix is 
always symmetric with 
respect to the main 
diagonal from top left to 

A saddle point

diagonal from top left to 
bottom right

D(H)= (-10*0)-(32*32)=-1024<0

D(H)=?
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

117

147

173

195

213
227

237 243 245 243 237
227

213

195

173

147

117

100

150

200

250

300

F(X)=-2x2 + 40X + 45

45

83 83

45

0

50

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

…EXAMPLES OF OPTIMIZATION PROBLEMS 
CONT’D

•

3 Unknowns and 3 equations

Unique solutions

Is this indeed a maxima?
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

•

Local maxima at X*=1.3, Y*=6.447

The determinant = 3056>0 and Lxx<0, 
F is negative definite (concave)

…EXAMPLES OF OPTIMIZATION PROBLEMS 
CONT’D

•
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…EXAMPLES OF OPTIMIZATION 
PROBLEMS CONT’D

• CAN YOU IMAGINE HOW DIFFICULT SOLVING 

OPTIMIZATION PROBLEMS WITH MANY INPUTS 

AND MANY CONSTRAINTS WITH COMPLEX 

RELATIONSHIPS WOULD BE? THANKS TO 

COMPUTING TECHNOLOGY, NOW THAT IS NO 

MORE A PROBLEM.

VIII. SOLVERS

SOME OF THE SOFTWARE THAT ARE AVAILABLE TO 

SOLVE OPTIMIZATION PROBLEMS INCLUDE:

1) EXCEL

2) GAMS

3) MATLAB3) MATLAB

4) R AND MANY MORE

Lets try Excel and/or GAMS
(Depending on time)
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IX. BIO-ECONOMIC MODELLING

1. FRIST STEP IS TO DECIDE ON THE PURPOSE OF MODELING

i. FARM BUSINESS DECISIONS?

ii. HOUSEHOLD WELFARE/INTRA-HOUSEHOLD 

ALLOCATIONS/DISTRIBUTION OF BENEFITS?

iii. INTER-HOUSEHOLD RELATIONS/WELFARE?

iv. LIVELIHOODS/AGRO-ECOLOGICAL SUSTAINABILITY?

v. TO STUDY THE EFFECTS OF INSTITUTIONS?

vi. POLICY ANALYSIS?

…BIO-ECONOMIC MODELLING CONT’D
1. SECOND STEP IS TO DECIDE ON TYPE OF MODEL

Type 1 Type 2 Type 3 Type 4

Single-enterprise 
Farm model: 

Multi-enterprise 
Farm model: 

Farm household model 
(intra and inter-
household relations 
ignored)

Farm household model 
(only intra-household 
relations captured)

Single crop Multiple crops Multiple crops Multiple crops
Production
Marketing Marketing Marketing Marketing

Resources (labor, 
capital, land, water)

Resources (labor, 
capital, land, water)

Resources (labor, capital, 
land, water)

Resources (male-labour, 
female-labor, child-labor, 
capital, land, water)

Consumption
Male and female 
consumption

Farm Profit Farm profit Family Income
Male income, Female 
income
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…BIO-ECONOMIC MODELLING CONT’D
…DECIDING ON TYPE OF MODEL, CONT’D

Type 5 Type 6 Type 7 ….

Farm household model 
(intra-household relations 
ignored but inter-household 
relations captured)

Farm household model 
(intra and inter 
household relations 
captured)

Variant of Type 3 (with feed back 
loop to resource base)

Multiple crops Multiple crops Multiple crops

Marketing Marketing Marketing

Resources (family resources, 
community resources)

Resources (female labor, 
male labor, family 
resources, community 
resources)

Changes to resources (family (male-
labor, female-labor, child-labor), 
family (capital, land, water), 
community(capital, land, water)

Consumption Consumption Consumption

Family income, social benefit
Male income, female 
income, social benefit

Male income, Female income, social 
benefit

…BIO-ECONOMIC MODELLING CONT’D

2. CHARACTERIZE THE DECISION MAKER(S) AND ALL 

OTHER ELEMENTSOTHER ELEMENTS

3. DEFINE THE OBJECTIVES OF THE DECISION MAKER (S)

4. DEFINE THE OPPORTUNITIES AND CONSTRAINTS 

FACING THEM

5 DEFINE/ESTABLISH RELATIONSHIPS (CONCEPTUAL 5. DEFINE/ESTABLISH RELATIONSHIPS (CONCEPTUAL 

MODEL)

6. BUILD EMPIRICAL MODEL (PAPER AND PENCIL)

7. START CODING (SOFTWARE OF YOUR CHOICE)
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…BIO-ECONOMIC MODELLING CONT’D

8. CALIBRATE USING CAREFULLY PICKED 

PARAMETERS

9. VALIDATE WITH DATA OTHER THAN THAT USED 

FOR BUILDING THE MODEL

10.CONDUCT SCENARIO SIMULATIONS

POLICY, INSTITUTIONAL, MARKET

11.BE CAREFUL WITH CONCLUSIONS 

• FOCUS MORE ON THE DIRECTION THAN 

MAGNITUDE OF CHANGES

X. PRACTICE BIO-ECONOMIC 
MODELLING

PRACTICE 1  START WITH A SINGLE ENTERPRISE FARM PRACTICE 1: START WITH A SINGLE-ENTERPRISE FARM 

MODEL (TYPE 1) – EXCEL/GAMS

PRACTICE 2: EXPAND IT TO MULTI-ENTERPRISE FARM MODEL 

(TYPE 2) – EXCEL/GAMS

PRACTICE 3: START WITH MULTI-ENTERPRISE FARM 

HOUSEHOLD MODEL (TYPE 3) – EXCEL/GAMS

PRACTICE 4: EXPAND TO MULTI-ENTERPRISE FARM 

HOUSEHOLD MODEL WITH INTRA-HOUSEHOLD RELATIONS 

(TYPE 4) – EXCEL/GAMS
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PRACTICE BIO-ECONOMIC CONT’D
PRACTICE 1: START WITH A SINGLE-ENTERPRISE FARM MODEL (TYPE 1) – EXCEL/GAMS

• YIGEZU FAMILY FARM PRODUCES ONLY WHEAT AND THE PRODUCTION FUNCTION IS:

• Y = 250 +  10*X -0.006*X2 + 0.000001*X3 (BIOPHYSICAL RELATIONSHIP)

• ECONOMIC CONSIDERATIONS
• MARKET PRICE OF WHEAT = 300 SYL/KG/

• PRICE OF FERTILIZERS = 800 SYL/KG

• TOTAL CAPITAL OF THE FARM IS 600,000 SYL (ASSUME NO OTHER COST)

QUESTIONS
1) WHAT AMOUNT OF FERTILIZERS (X) MAXIMIZES THE FARM’S PROFIT?

2) TO BOOST PRODUCTION, IF GOVERNMENT INTRODUCES A POLICY TO OFFER PRICE SUPPORT OF 

15%, WILL OUTPUT INCREASE? WHY? WHAT DO YOU THINK CAN CHANGE THE SITUATION? 

3) HOW MUCH CREDIT SHOULD THE FARMER TAKE IF THE INTEREST RATE IS: A) 0%  B)15%  C) 30% D) 

50% (INSTITUTIONAL SIMULATION)50% (INSTITUTIONAL SIMULATION)

4) IS THE COUNTRY BENEFITTING FROM PRICE SUPPORT POLICY IF: A) NO CREDIT B) WITH CREDIT?

5) HOW BIG A CHANGE IN INTERNATIONAL MARKET PRICES CAN THE FARM ABSORB WITHOUT 

CHANGING PRODUCTION? (ASSUME AND 1:1 CORRELATION BETWEEN WOULD & DOMESTIC PRICES

6) SEEING THE HIGH FERTILIZER APPLICATION RATE, GOVERNMENT DECIDES TO IMPOSE A FERTILIZER TA

OF: A) 15% B)30% C)100% WITH/WITHOUT CREDIT AND/OR PRICE SUPPORT?

7) WHAT IF A WHEAT VARIETY IS INTRODUCED FREELY WHICH INCREASES YIELD BY 20% (START FROM 

BASE CASE)

PRACTICE BIO-ECONOMIC CONT’D

PRACTICE 2  EXPAND IT TO MULTI ENTERPRISE FARM MODEL PRACTICE 2: EXPAND IT TO MULTI-ENTERPRISE FARM MODEL 

(TYPE 2) – EXCEL/GAMS
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PRACTICE BIO-ECONOMIC CONT’D

PRACTICE 3  START WITH MULTI ENTERPRISE FARM PRACTICE 3: START WITH MULTI-ENTERPRISE FARM 

HOUSEHOLD MODEL (TYPE 3) – GAMS

PRACTICE BIO-ECONOMIC CONT’D

PRACTICE 4  EXPAND TO MULTI ENTERPRISE FARM PRACTICE 4: EXPAND TO MULTI-ENTERPRISE FARM 

HOUSEHOLD MODEL WITH INTRA-HOUSEHOLD RELATIONS 

(TYPE 4) – GAMS
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,شكرا
Merci  DankeMerci, Danke

Cam on
THANK YOU THANK YOU 
አመሰግናለሁ


