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WORLD3 – 03

AND SPECIFICATION OF THE 11 RUNS 

PRESENTED IN 

THE LIMITS GROWTH – THE 30 YEAR UPDATE 
This memo describes the version of the World3 model that is used to generate the 11 scenarios presented in the book The Limits to Growth – The 30 Year Update that will appear in 2004. 

The model is called “World3-03” and can be obtained from the version of the World3-91 model that was described in the 1992 book Beyond the Limits by making a few changes, all of which are described below.
World3-03 differs from World3-91 in one major way:  the cost of technology is determined by the implemented level of technology, not the available level of technology. In addition one table function has been changed. Finally two new indicators of system performance have been included and some changes to plot layout made. All changes are detailed below.

The full model is included in a separate file called  “mo040209 World3-03 Sc 1” which is written in the computer language Stella.

MODEL CHANGES

To arrive at World3-03, starting from World3-91, one needs to follow the description below. I have highlighted the necessary changes necessary.

1.  Change the determinant of the cost of resource -, pollution -, and yield - technology from available technology to implemented technology.
ind_cap_out_ratio_2_ICOR2T = GRAPH(s_nr_res_use_fact_131)

(0.00, 3.75), (0.1, 3.60), (0.2, 3.47), (0.3, 3.36), (0.4, 3.25), (0.5, 3.16), (0.6, 3.10), (0.7, 3.06), (0.8, 3.02), (0.9, 3.01), (1.00, 3.00)

ppoll_tech_mult_icor_COPM = GRAPH(s_ppoll_gen_fact_138)

(0.00, 1.25), (0.1, 1.20), (0.2, 1.15), (0.3, 1.11), (0.4, 1.08), (0.5, 1.05), (0.6, 1.03), (0.7, 1.02), (0.8, 1.01), (0.9, 1.00), (1.00, 1.00)

yield_tech_mult_icor_COYM = GRAPH(s_land_yield_fact_104)

(1.00, 1.00), (1.20, 1.05), (1.40, 1.12), (1.60, 1.25), (1.80, 1.35), (2.00, 1.50)

2. Change the population sector to make desired family size slightly more responsive to high levels of industrial output per capita. This has the effect of fine tuning Population to 6 billion in the year 2000.

soc_fam_size_norm_39 = GRAPH(del_ind_out_pc_40)
(0.00, 1.25), (200, 0.94), (400, 0.715), (600, 0.59), (800, 0.5)
from: 1.5/1/.9/.8/.75

3. Change the plot scale for population from (0, 13 billion) to (0, 12 billion) to simplify reading.

4. Add the new variable named the Human Welfare Index, which is an indicator of the well-being of the average global citizen.

HWI_Human_Welfare_Index = (Life_Expectancy_Index+Education_Index+GDP_Index)/3

Life_Expectancy_Index = GRAPH(life_expectancy_19)

(25.0, 0.00), (35.0, 0.16), (45.0, 0.33), (55.0, 0.5), (65.0, 0.67), (75.0, 0.84), (85.0, 1.00)

Education_Index = GRAPH(GDP_per_capita_2)

(0.00, 0.00), (1000, 0.81), (2000, 0.88), (3000, 0.92), (4000, 0.95), (5000, 0.98), (6000, 0.99), (7000, 1.00)

GDP_Index = (LOG10(GDP_per_capita_2)-LOG10(24))/(LOG10(9508)-LOG10(24))

GDP_per_capita_2 = GRAPH(ind_out_pc_49)

(0.00, 120), (200, 600), (400, 1200), (600, 1800), (800, 2500), (1000, 3200)

5. Add the new variable named the Human Ecological Footprint, which is and indicator of humanity’s total environmental burden on the Planet.

HEF_Human_Ecological_Footprint = (Arable_Land_in_Gha+Urban_Land_in_Gha+Absorption_Land_in_Gha)/1.91

Arable_Land_in_Gha = arable_land_85/1e9

Urban_Land_in_Gha = urban_ind_land_120/1e9

Absorption_Land_in_Gha = ppoll_gen_rt_137*Gha_per_unit_of_pollution

Gha_per_unit_of_pollution = 4/1e9

6. Add plot scales for the Human Welfare Index  (0, 1) and for the Human Ecological Footprint (0, 4).

SEPCIFICATION OF MODEL RUNS

To produce the scenarios used in The Limits to Growth – The 30 year update, one proceeds as follows:

Scenario #1 is produced by the model World3-03 as it appears in the accompanying file “mo040209 World3-03 Sc 1”. It is important that

INITIAL (nr_resources_129)  = 1 e 12        

Scenario #2 is Scenario #1 with double -- and more accessible -- non-renewable resources 

INITIAL (nr_resources_129)  = 2 e 12















from: 1e12
p_fr_cap_al_obt_res_2_136 = GRAPH(nr_res_fr_remain_133)

(0.00, 1.00), (0.1, 0.1), (0.2, 0.05), (0.3, 0.05), (0.4, 0.05), (0.5, 0.05), (0.6, 0.05), (0.7, 0.05), (0.8, 0.05), (0.9, 0.05), (1.00, 0.05)

     from: 0.2 & 0.1
t_fcaor_time = 2002







from: 4000
Scenario #3 is Scenario #2 plus pollution technology advancing from 2002

p_ppoll_tech_chg_mlt_POLGFM = GRAPH(1-ppoll_index_143/ 

des_ppoll_index_DPOLX)

(-1.00, -0.04), (0.00, 0.00)






      from: 0
t_policy_year_150 = 2002






from: 4000
Scenario #4 is Scenario #3 plus yield technology advancing from 2002

p_yield_tech_chg_mlt_LYCM = GRAPH(des_food_ratio_DFR-food_ratio_ 127) 

(0.00, 0.00), (1.00, 0.04)






      from: 0
Scenario #5 is Scenario #4 plus erosion control advancing from 2002

t_land_life_time = 2002






from: 4000
Scenario #6 is Scenario #5 plus resource technology advancing from 2002

p_res_tech_chg_mlt_NRCM = GRAPH(1-nr_res_use_rate_130/des_res_ 

use_rt_DNRUR)

(-1.00, -0.04), (0.00, 0.00)






     from: 0
Scenario #7 is Scenario #2 (NB! #2, not #6!!!) plus population policies from 2002

t_fert_cont_eff_time_45 = 2002





 from: 4000
t_zero_pop_grow_time_38 = 2002 




 from: 4000
Scenario #8 is Scenario #7 plus a fixed goal for industrial output per capita from 2002, and 25 % longer life of capital

ind_out_pc_des_59 = 350






   from: 400
 t_ind_equil_time_57 = 2002





from: 4000
t_policy_year_150 = 2002






 from: 4000
p_avg_life_agr_inp_2_100 = 2.5





      from: 2
p_avg_life_ind_cap_2_54 = 18





   from: 14
p_avg_life_serv_cap_2_69 = 25





   from: 20
Scenario #9 is Scenario #8 plus resource -, pollution -, and yield – technologies and erosion control advancing from 2002

p_ppoll_tech_chg_mlt_POLGFM = 

GRAPH(1-ppoll_index_143/des_ppoll_index_DPOLX)

(-1.00, -0.04), (0.00, 0.00)






      from: 0
p_res_tech_chg_mlt_NRCM = GRAPH(1-nr_res_use_rate_130/des_res _use_rt 

_DNRUR)

(-1.00, -0.04), (0.00, 0.00)






      from: 0
p_yield_tech_chg_mlt_LYCM = GRAPH(des_food_ratio_DFR-food_ratio_127) (0.00, 0.00), (1.00, 0.04)






      from: 0

t_land_life_time = 2002






from: 4000
Scenario #10 is Scenario #9 with policy implementation 20 years earlier, in 1982:

t_policy_year_150 = 1982






from: 2002
t_fert_cont_eff_time_45 = 1982





from: 2002
t_zero_pop_grow_time_38 = 1982




from: 2002
t_land_life_time = 1982






from: 2002
t_ind_equil_time_57 = 1982





from: 2002
Scenario IFI-IFO is Scenario #2 plus a number of assumptions to accelerate technological advance without cost, and removing all physical growth limits

t_policy_year_150 = 2002






from: 4000
p_ppoll_tech_chg_mlt_POLGFM = GRAPH(1-ppoll_index_143/des_ppoll_ 

index_DPOLX)

(-1.00, -0.05), (0.00, 0.00)






   from: 0/0

p_res_tech_chg_mlt_NRCM = GRAPH(1-nr_res_use_rate_130/des_res_use 

_rt_DNRUR)

(-1.00, -0.05), (0.00, 0.00)






   from: 0/0
p_yield_tech_chg_mlt_LYCM = GRAPH(des_food_ratio_DFR-food_ratio_127) (0.00,0.00), (1.00, 0.05)






   from: 0/0

tech_dev_del_TDD = 2






    from: 20

t_land_life_time = 2002






from: 4000
ind_cap_out_ratio_2_ICOR2T = GRAPH(res_tech_NRTD)

(0.00, 3.00), (0.1, 3.00), (0.2, 3.00), (0.3, 3.00), (0.4, 3.00), (0.5,

3.00), (0.6, 3.00), (0.7, 3.00), (0.8, 3.00), (0.9, 3.00), (1.00, 3.00) 

from: 3.75/3.60/3.47/3.36/3.25/3.16/3.10/3.06/3.02/3.01/3.00

ppoll_tech_mult_icor_COPM = GRAPH(ppoll_tech_PTD)

(0.00, 1.00), (0.1, 1.00), (0.2, 1.00), (0.3, 1.00), (0.4, 1.00), (0.5,

1.00), (0.6, 1.00), (0.7, 1.00), (0.8, 1.00), (0.9, 1.00), (1.00, 1.00)


from: 1.25/1.20/1.15/1.11/1.08/1.05/1.03/1.02/1.01/1.00/1.00

yield_tech_mult_icor_COYM = GRAPH(yield_tech_LYTD)

(1.00, 1.00), (1.20, 1.00), (1.40, 1.00), (1.60, 1.00), (1.80, 1.00), (2.00, 1.00)






from: 1.00/1.05/1.12/1.25/1.35/1.50

t_air_poll_time = 2002






from: 4000
urb_ind_land_pc_117 = GRAPH(ind_out_pc_49)

(0.00, 0.005), (200, 0.008), (400, 0.015), (600, 0.018), (800, 0.019), 

(1000,0.02), (1200, 0.02), (1400, 0.02), (1600, 0.02)



      from: 0.005/0.008/0.015/0.025/0.04/0.05/5/0.07/0.08/0.09

crowd_mult_ind_27 = GRAPH(ind_out_pc_49)

(0.00, 0.5), (200, 0.05), (400, 0.00), (600, 0.00), (800, 0.00), (1000,

0.00), (1200, 0.00), (1400, 0.00), (1600, 0.00)





   from: 0.5/0.05/-0.1/-0.08/-0.02/-0.05/0.10/0.15/0.20

des_food_ratio_DFR = 5






       from: 2
des_ppoll_index_DPOLX = .001





    from: 1.2

des_res_use_rt_DNRUR = 10e9





 from: 4.8e9
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