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l. Systems research considerations
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Scales, hierarchies, boundaries, relationships

... Systems research considerations (cont’d)
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ll. Systems Research: where to start?

* Farm households — a good place to start
oBest link between the lower and upper scales

oHouseholds are the most influential components
of any production system (as active and reactive
components)

oHouseholds are beneficiaries/victims of the
socio-economic, bio-physical and environmental
changes;

oTargets often the main subjects of any
Intervention

oResults can have wide implications
* Policy, research, development, extension,-...
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' 1)Dynamic stochastic model of an integrated

crop-livestock household (DSM-ICLH)

2)A version of the dynamic agricultural
household bio-economic simulation model
(DAHBSI)- (originally developed by CEHEAM-
IAMM under IFPRI’s BioSight project)



Basic Structure of the DAHBSIM and DSM-ICLH models
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Basic Structure of the DSM-ICLH models

varieties (new and old)
Crop - Cereals (1,2,3,...)

simulation - Legumes (i,ji,iii,iv)

model
Land and water management

techniques (new and old)
- Water harvesting (A,B,C)

- Soil conservation (D,E,F,G)

Bio-economic
model Agronomic practices (new &
old)

Tillage types (ZT/MT)
Breeds and feed | vestock Crop rotation (A, B, C)
- Species (A,B,C ) . i i
} p ( ) simulation Resu.jue reten.tl?nn('l,'z, ,N)
- Breeds (D,E,F,G) ) Sowing date (i, ii, iii, iv)
- Feed, forage | Organic fertilizers (manure)

Geo-informatics Endowments: Magnitude, quality,
Historical distribution of resources (land,
&forecasts of soil, water, capital, labor, etc.)

weather



The objective function (DAHBSIM)
A variant of the Mean-Variance Utility Function

Present value of Net Income over the entire planning horizon

!

T~ Risk aversion coefficient

Standard deviation of the
farm household net income

Production

Off farm income
Own consumption
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Solved Using Forward Recursion



* Objective function (DSM-ICLH)
= A linear utility function (risk neutrality assumed)

Vti — Max ﬂti(Dti)-l_aZ Ptij(Dti)XVHl,j , Vi,
Dy j
Where,
V, = maximum expected profit in period t and state i
z.(D,) Contrlbutnlons-of cur.rent actlo-nts, to profit |
D,; = Set of actions in period t conditional on state i
R (Dy) = transition probability from state j to state j

Solved Using Backward recursion (Bellman, 1957)
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...bio-economic modeling tools at ICARDA cont’d

1. Dynamic stochastic model of an integrated crop-
livestock household (DSM-ICLH) — Jordan
(dissertation completed, one article published and
another ready for submission)

Strengths
* Intertemporal decision tool
e Stochastic with risk component - (weather only)
* Dynamic — with recourse (suitable for response farming)

* Solved using gams (compatible with most existing
household models)

* Integrates crops, livestock and soils
» Captures synergies/trade-offs




...bio-economic modeling tools at ICARDA cont’d

...Dynamic stochastic model of an integrated crop-
livestock household (DSM-ICLH) cont’d

Shortcomings
* Discrete data points
Limited by curse of dimensionality (as all SDPs)
» Uses outputs from:
e APSIM-for crops
* A separate infinite horizon dynamic programing (DP) model
e For valuing slow evolving components (soils) - published
e Solved using MATLAB

e Deterministic livestock-unit (LU) formulation used (but
linked to weather via feed)

Integrates crops, livestock and soils

* Limited number of enterprises (crops & livestock), species/varieties, time
periods.

Not generic
Difficult to aggregate into higher scales (village/watershed/catchment...)




...bio-economic modeling tools at ICARDA cont’d

2. Dynamic agricultural household bio-economic simulation model
(DAHBSIM) — morocco (dissertation ready; manuscript under
preparation)

Strengths

Intertemporal decision tool
Stochastic
Solved using gams (compatible with most existing household models)

Integrates crops, livestock and soils (efforts to include trees and
investment)

Modular (with summary biophysical models imbedded in the model)
Identifies three distinct farm household typologies

No limits to the number of enterprises, species, time periods.
Semi-generic (can be adapted to other contexts)

Captures synergies/trade-offs

Amenable to aggregation into higher scales



...bio-economic modeling tools at ICARDA cont’d

* Dynamic stochastic model of an integrated crop-
livestock household (DSM-ICLH)

Shortcomings
* Uses summary biophysical models

* Recursive but not dynamic in the true sense —
recourse not very clear

* Deterministic livestock-unit (LU) formulation used
(but linked to weather via feed)

* Perennial crops, investment, consumption
modules still being developed;

* Needs some more investment to exploit its full
potential.
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Some results from DSP-ICLH:
Simulated results on Various indicators

Scenarios Varying Area and Livestock Units

Endovwments Base #1 #2 #3 #4 #5
Area (heciares) 2 2 2 4 3 a
Livestock Units 2 1 3 2 2 2
Financial Results
Mean /000 1145 -Ba0 2668 2708 31492 4504
Minimwom <77 1890 -3203 -465 -2193 -2148 -2035
Maximuom 7 1795 175 3370 4034 4775 H7649
Soil Results (meam levels)
ESW () 3635 266 263 266 Ba3 Ea3
NOsz (&g Sha) 15.1 152 151 152 149 13.7
SOM &z o) 1530 150& 1538 1510 1413 1045
Planting Choices (feciares)
Dec Dec Dec Dec Dec Dec Dec
Barley  Barley Barley Barley Barley Wheat Barley TWheat
=100 2 2 2 4 4.33 .67 204 5336
=100 2 2 2 4 5 Q B Q

Motes: Base indicates the main results. The mumbered scenarios (#1 through #3) are the results varying
the household’s area and livestock units owned. Financial results include all financial related outcomes
at the end of the year, meluding the value of the livestock units. Acronyvims: ESW- Extractable Soil
Water, MO:- WNitrates, S0OM- Surface Organic Material. Planting choices indicate the optimal choice for
the stochastic weather states. For example, in the base scenario the farmer plants all 2 hectares of their
land to barley mn December unconditional of weather. In the scenario with & hectares and 2 livestock
umnitz, the farmer plants all thewr land to barley if rainfall was above 100 mm in December. If rainfall
was less than 100 mm. they plant 264 hectares to barley and the remaming 5. 34 ha. to wheat (All
planting occurs in December). All optimal planting choices selected the ha.rlE]r (Rum v variety) or wheat

with 100kz'ha of DAP znd a 40 kg'ha top-dressing of Urea. JD indicates the loczl currency, the
Jordamian Dinar.
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S Sorﬁ/e results from DSP-ICLH:

_ Simulated results on soil quality

Fom S5.0)an & oz Probatity of s 9.4% W | Note: The axes of each_graph are the soil attribute
Wheat, 0, 40, Man. & graze. levels: Extractable Soil Water and NO3 are

Wheat, 50,40, Mech. & graze
Fallow

oo 4dnm

represented on the horizontal axes, and Surface
Organic Matter is on the vertical axis. On the left-hand
3000 figure, each shape represents the optimal choice of

Yy crop (Rum, Wheat, or Fallow), the fertilizer
0
’.0 “-::'Vvv' "Vvv oo application at planting (0 or 50 kg/ha of DAP), the rate
B e ¥ Yy of application of top-dressed urea 60 days after
| ::':._"v,:'vv | pp p %

planting (0 or 40 kg/ha) and the harvest technology
b 20— ‘ (Manual or Mechanical) for each discrete soil state.
‘ iz | The right-hand figure represents the same choices,
2 o0 however, the size of each shape indicates the steady-

T state probability for each state. The optimal
. "o,.Vv," o e [, management choice for each state is again denoted by
o A& shape. The legend indicates all management choices
for the respective shape. The ordering of the quadruple
indicating the management choice in the legend is:
crop type, fertilizer level at planting, top-dressing, and
harvesting choice. E.g. Rum, 50, 40, Man. (for
Manual) indicates planting the barley variety Rum

Optimal Strategies Probability Weighted Dptimal Strategies

Soil Organic Matter (kg./ha.)
g
o
r
4:“1
Suil Drganic Matter (kg./ha.)

100 49 100 49
Extractable Soi Water (nm) 08 (ka/he) Extractable Soi Water (nm) 0= (<9/ha) with 50 kg/ha of DAP at planting, top-dressing with
40 kg/ha of Urea 60 days after planting, and manual
harvesting followed by grazing. Source: Results of
Fig. DP Results with Unconditional Choices DP.
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Some results from DSP-ICLH:
Simulated results on soil quality indicators

Note: The axes of each graph are the soil
attribute levels. A fourth dimension is the size of
the shape, which corresponds to the probability
of the recurring state in the steady-state solution.
Non-recurring states are omitted. The optimal
management choice for each state is denoted by
its shape as in Figure 1. Each of the four graphs
corresponds to the timing of the arrival of
rainfall at planting. E.g., the top left graph
S indicates the strategies and frequency of
ESW (mm) %0 40 zgm(ky:; ESW(mm) 1% 1o B . recurrence_inthe ste_ady—state_ solution when _100
| P T mm of rainfall arrives during the early time

Late Planting ———2 Final Planting (Feb. 1st.) window. The legend indicates all the

management choices for the respective shape.

Optimal harvesting choice is mechanical for all

Early Planting* Probability of State: 10%

Middle Planting

SOM (kg./ha.)
SOM (kg./ha.)

1400 1500,

= D . m ™ = o %
< 000 ' A -« B " planting periods, except Early, as denoted by *.
; 800 f o & The quadruple of the management choice
% 90 T 2 N indicates: crop type, fertilizer level at planting,
B %ﬁ‘ s, e, -\- m @@% N top-dressing, and harvesting choice. E.g. Rum,
so' S o ".,‘ 50, 40, and Man. indicates planting the barley
e "0 0 49 variety Rum with 50 kg/ha of DAP, top-dressing
el g L] NO3 (kg /ha) B A0 Seovagme with 40 kg/ha of Urea, and manual harvesting
followed by grazing. Source: Results of DP v
calculations.

Fig.. Results with Adaptive Responses During the Year
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\/§ome results from DAH BSII\/I—I\/Iorocco\:/
_;’Simulated results on Farm income

Average

Average farm income Difference Differenc
Scénario consumption
(dh/ha) (%0) e (%)
(Kcal/capita/day)
Sc_base 7400 - 1523
Sc_prime 8382 13 1579 4
Sc_variabilite 8429 14 1 658 o
Sc_Eauls0 8504 15 1 681 10
Sc_combiné 9407 27 1870 22



‘S6me results from DAHBSIM-Moroco:

Cropping pattern @

120%
100% -
80% m Chickpea
—_ M Fababean
a3
@ 60% - M Onion
< m Potato
40% - M Barley
B Wheat
20% -
0% -
Sc_base Sc_combiné v/
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Some results from DAHBSIM-Morocco:
Calorie consumption
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Some results from DAHBSIM-Morocco:

N_Fertilizer applicaiton
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« / Some results "
‘ Morocco: Con
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... Building bio-economic models  _
Cont’d

Profit
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