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Main: 

1 $title magpie 
2 * 16 time slices until 2145 
3 * Regional feed grain balances 
4 * Water constraints: requirements for irrig. vs. discharge 
5 * Cost structures to be linked to GDP? 
6 * No climate change effects on yields 
7 * Endogenous TC 
8  
9 *##################### R SECTION START (VERSION INFO) ########################## 
10 *Used data set: GLUES2-sresa2-constant_co2-miub_echo_g_rev17 
11 * 
12 *Low resolution: n200 
13 *High resolution: 0.5 
14 * 
15 *Total number of cells: 200 
16 * 
17 *Number of cells per region: 
18 * AFR CPA EUR FSU LAM MEA NAM PAO PAS SAS 
19 * 28 16 12 48 24 13 37 11 4 7 
20 * 
21 *lpj2magpie settings: 
22 ** Used data set: GLUES2-sresa2-constant_co2-miub_echo_g 
23 ** Revision: 17.0 
24 * 
25 *aggregation settings: 
26 ** Inputresolution: 0.5 
27 ** Outputresolution: n200 
28 ** (clustering) n-repeat: 5 
29 ** (clustering) n-redistribute: 0 
30 * 
31 *Last modification (input data): Mon Apr 22 23:22:49 2013* 
32 * 
33 *###################### R SECTION END (VERSION INFO) ########################### 
34  
35 $offupper 
36 $offsymxref 
37 $offsymlist 
38 $Offlisting 
39  
40 ******************************************************************************** 
41 *** WARNING **** WARNING **** WARNING **** WARNING **** WARNING **** WARNING *** 
42 ******************************************************************************** 
43  
44 * PLEASE DO NOT PERFORM ANY CHANGES HERE! ALL SETTINGS WILL BE AUTOMATICALLY 
45 * SET BY MAGPIE_START.R BASED ON THE SETTINGS OF THE CORRESPONDING CFG FILE 
46 * PLEASE DO ALL SETTINGS IN THE CORRESPONDING CFG FILE (e.g. config/default.cfg) 
47  
48 ******************************************************************************** 
49 *** WARNING **** WARNING **** WARNING **** WARNING **** WARNING **** WARNING *** 
50 ******************************************************************************** 
51  
52 **************************MODEL SPECIFIC SCALARS******************************** 
53 * Key parameters during model runs 
54  
55 $setglobal max_timesteps 3 
56  
57 scalars s_use_calib      use of regional calibration factors (1:yes 0:no)  / 1 / 
58         sm_use_gdx       use of gdx files                                  / 2 / 
59         sm_maxiter       maximal solve iterations if modelstat is >2      / 3 / 
60         sm_with_climate  use of climate scenarios (1:yes 0:no)             / 0 / 
61 ; 
62  
63 *******************************MODULE SETUP************************************* 
64 $setglobal scenarios SSP2_june13 
65 $setglobal interest_rate glo 
66 $setglobal maccs on_MAI13_AllLand 
67 $setglobal nitrogen june13 
68 $setglobal carbon normal 
69 $setglobal methane ipcc1996 
70 $setglobal phosphorus off 
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71  
72 $setglobal nr_impact off 
73  
74 $setglobal crop dynamic 
75 $setglobal pasture dynamic 
76 $setglobal forestry static 
77 $setglobal forest dynamic2 
78 $setglobal urban static 
79 $setglobal other dynamic 
80  
81 $setglobal factor_costs old 
82  
83 $setglobal landconversion calib_APR13 
84  
85 $setglobal presolve off 
86  
87 $setglobal residues detailed 
88  
89 $setglobal processing detailed 
90  
91 $setglobal livestock normal 
92  
93 $setglobal tc endo_APR13 
94  
95 $setglobal trade tb_old 
96  
97 $setglobal transport on 
98  
99 $setglobal area_equipped_for_irrigation endo_APR13 
100  
101 $setglobal water_availability surface_only 
102  
103 $setglobal water_demand standard 
104  
105 $setglobal bioenergy standard 
106 scalars sm_biodem_level bioenergy demand level (1: regional 0: global)    / 1 / ; 
107  
108 *******************************END MODULE SETUP********************************* 
109  
110 ***************************PREDEFINED MACROS************************************ 
111 $include "./core/macros.gms" 
112 ******************************************************************************** 
113 *************************BASIC SETS (INDICES)*********************************** 
114 $include "./core/sets.gms" 
115 $batinclude "./modules/include.gms" sets 
116 ******************************************************************************** 
117 **********INTRODUCE CALCULATION PARAMETERS, VARIABLES AND EQUATIONS************* 
118 $include "./core/declarations.gms" 
119 $batinclude "./modules/include.gms" declarations 
120 ******************************************************************************** 
121 *****************************IMPORT DATA FILES********************************** 
122 $include "./core/input.gms" 
123 $batinclude "./modules/include.gms" input 
124 ******************************************************************************** 
125 ********************OBJECTIVE FUNCTION & CONSTRAINTS**************************** 
126 $include "./core/equations.gms" 
127 $batinclude "./modules/include.gms" equations 
128 ******************************************************************************** 
129  
130 model magpie / all / ; 
131  
132 magpie.optfile = 0 ; 
133 magpie.scaleopt= 1 ; 
134 magpie.solprint = 2 ; 
135 magpie.holdfixed = 1 ; 
136  
137 option lp = cplex ; 
138 option qcp = cplex ; 
139 option nlp= conopt ; 
140 option iterlim= 100000 ; 
141 option reslim = 100000 ; 
142 option sysout = Off ; 
143 option limcol = 0 ; 
144 option limrow= 0 ; 
145 option decimals = 3 ; 
146 option savepoint = 1 ; 
147  
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148 *****************************VARIABLE SCALING*********************************** 
149 $include "./core/scaling.gms" 
150 $batinclude "./modules/include.gms" scaling 
151 ******************************************************************************** 
152  
153 ***************************GENERAL CALCULATIONS********************************* 
154 $include "./core/calculations.gms" 
155 ******************************************************************************** 
156  
157 *** EOF magpie.gms *** 

Sets: 

1 *************************BASIC SETS (INDICES)*********************************** 
2  
3 *############################################################################### 
4 *######################## R SECTION START (SETS) ############################### 
5 *THIS CODE IS CREATED AUTOMATICALLY, DO NOT MODIFY THESE LINES DIRECTLY 
6 *ANY DIRECT MODIFICATION WILL BE LOST AFTER NEXT INPUT DOWNLOAD 
7 *CHANGES CAN BE DONE USING THE ARCHIVE DOWNLOADER UNDER SCRIPTS_INTERN 
8 *THERE YOU CAN ALSO FIND ADDITIONAL INFORMATION 
9  
10 sets 
11  
12    i all economic regions /AFR,CPA,EUR,FSU,LAM,MEA,NAM,PAO,PAS,SAS/ 
13  
14    j number of LPJ cells / 
15  
16 AFR_1*AFR_28, 
17 CPA_29*CPA_44, 
18 EUR_45*EUR_56, 
19 FSU_57*FSU_104, 
20 LAM_105*LAM_128, 
21 MEA_129*MEA_141, 
22 NAM_142*NAM_178, 
23 PAO_179*PAO_189, 
24 PAS_190*PAS_193, 
25 SAS_194*SAS_200/ 
26  
27    cell(i,j) number of LPJ cells per region i 
28 / 
29 AFR . AFR_1*AFR_28 
30 CPA . CPA_29*CPA_44 
31 EUR . EUR_45*EUR_56 
32 FSU . FSU_57*FSU_104 
33 LAM . LAM_105*LAM_128 
34 MEA . MEA_129*MEA_141 
35 NAM . NAM_142*NAM_178 
36 PAO . PAO_179*PAO_189 
37 PAS . PAS_190*PAS_193 
38 SAS . SAS_194*SAS_200 
39 / 
40  
41 ; 
42 *######################### R SECTION END (SETS) ################################ 
43 *############################################################################### 
44  
45 ***SOCIOECONOMIC SCENARIOS*** 
46 set all_scen socioeconomic scenarios available for MAgPIE 
47     / A1, A2, B1, B2, b2_ethics, default, scratch, SSP1, SSP2, SSP3, SSP4, SSP5, 
48 planetary_boundaries /; 
49  
50 ***TIME STEPS*** 
51 set t_ext extended vector of 5-year time periods 
52     / y1995, y2000, y2005, y2010, y2015, y2020, y2025, y2030, y2035, y2040, 
53       y2045, y2050, y2055, y2060, y2065, y2070, y2075, y2080, y2085, y2090, 
54       y2095, y2100, y2105, y2110, y2115, y2120, y2125, y2130, y2135, y2140, 
55      y2145, y2150, y2155, y2160, y2165, y2170, y2175, y2180, y2185, y2190, 
56      y2195, y2200, y2205, y2210, y2215, y2220, y2225, y2230, y2235, y2240, 
57 y2245, y2250 / 
58  
59    t_all(t_ext) 5-year time periods 
60    / y1995, y2000, y2005, y2010, y2015, y2020, y2025, y2030, y2035, y2040, 
61      y2045, y2050, y2055, y2060, y2065, y2070, y2075, y2080, y2085, y2090, 
62      y2095, y2100, y2105, y2110, y2115, y2120, y2125, y2130, y2135, y2140, 
63 y2145, y2150 /; 
64  
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65 set t(t_all) used time periods 
66 $If "%max_timesteps%"==  "less_TS"/y1995,y2005,y2010,y2015,y2020,y2025,y2030,y2035,y2040, 
67 y2045,y2050,y2055,y2060,y2070,y2080,y2090,y2100,y2110, 
68 y2130,y2150/; 
69 $If "%max_timesteps%"=="test_TS" /y1995,y2005,y2010,y2020,y2030,y2040,y2050,y2070,y2090 
70 y2110,y2130,y2150/; 
71 $If "%max_timesteps%"== "TS_benni" /y1995,y2000,y2010,y2020,y2030,y2040,y2050/; 
72 $If "%max_timesteps%"=="1" /y1995/; 
73 $If "%max_timesteps%"=="2" /y1995,y2005/; 
74 $If "%max_timesteps%"== "3" /y1995,y2005,y2015/; 
75 $If "%max_timesteps%"== "4" /y1995,y2005,y2015,y2025/; 
76 $If "%max_timesteps%"== "5" /y1995,y2005,y2015,y2025,y2035/; 
77 $If "%max_timesteps%"== "6" /y1995,y2005,y2015,y2025,y2035,y2045/; 
78 $If "%max_timesteps%"==  "7" /y1995,y2005,y2015,y2025,y2035,y2045,y2055/; 
79 $If "%max_timesteps%"==  "8" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065/; 
80 $If "%max_timesteps%"==  "9" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075/; 
81 $If "%max_timesteps%"== "10" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075, 
82 y2085/; 
83 $If "%max_timesteps%"== "11" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085, 
84 y2095/; 
85 $If "%max_timesteps%"== "12" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085 
86 y2095,y2105/; 
87 $If "%max_timesteps%"== "13" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085, 
88 y2095,y2105,y2115/; 
89 $If "%max_timesteps%"== "14" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085, 
90 y2095,y2105,y2115,y2125/; 
91 $If "%max_timesteps%"== "15" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085 
92 y2095,y2105,y2115,y2125,y2135/; 
93 $If "%max_timesteps%"== "16" /y1995,y2005,y2015,y2025,y2035,y2045,y2055,y2065,y2075,y2085 
94 y2095,y2105,y2115,y2125,y2135,y2145/; 
95  
96 alias(t,z); 
97  
98 sets 
99  
100 ***ACTIVITIES*** 
101 Kbiobiomass production 
102 / tece_cropby, tece, tece_convby, trce_cropby, trce, trce_convby,maiz_cropby, maiz, 
103 maiz_convby, rice_cropby, rice_pro, rice_convby1,rice_convby2, others, brewer, 
104 potato_cropby, potato, cassav_cropby,cassav_sp, puls_pro, soybean_cropby, soybean, 
105 soybean_convby,rapeseed_cropby, rapeseed, rapeseed_convby, groundnut_cropby, 
106 groundnut, groundnut_convby, sunflower_cropby, sunflower,sunflower_convby, oilpalm,  
107 cottn_pro, cottn_convby, sugr_beet_cropby,sugr_beet, sugr_beet_convby1, 
108 sugr_beet_convby2, sugr_cane_cropby,sugr_cane, sugr_cane_convby1, sugr_cane_convby2,  
109 livst_rum, livst_pig,livst_chick, livst_egg, livst_milk, non_eaten_food, scavenging,  
110 foddr, pasture,begr, betr / 
111  
112 k(kbio) production activities 
113 / tece, maiz, trce, rice_pro, soybean, rapeseed, groundnut, sunflower, oilpalm, 
114 puls_pro, potato, cassav_sp, sugr_cane, sugr_beet, others,foddr, pasture, cottn_pro,  
115 begr, betr, livst_rum, livst_pig,livst_chick, livst_egg, livst_milk / 
116  
117 k_trade(k) production activities for which trade is allowed 
118 / tece, maiz, trce, rice_pro, soybean, rapeseed, groundnut, sunflower, oilpalm, 
119 puls_pro, potato, cassav_sp, sugr_cane, sugr_beet, others,cottn_pro, begr, betr,  
120 livst_rum, livst_pig,livst_chick, livst_egg, livst_milk / 
121  
122 k_notrade(k) production activities 
123 / foddr, pasture / 
124  
125 kve(k) vegetal production activities 
126 / tece, maiz, trce, rice_pro, soybean, rapeseed, groundnut, sunflower, oilpalm, 
127 puls_pro, potato, cassav_sp, sugr_cane, sugr_beet, others,foddr, pasture,  
128 cottn_pro, begr, betr / 
129  
130 kcr(kve) crop activities 
131 / tece, maiz, trce, rice_pro, soybean, rapeseed, groundnut, sunflower,oilpalm, 
132 puls_pro, potato, cassav_sp, sugr_cane, sugr_beet, others,foddr, cottn_pro, begr,  
133 betr / 
134  
135 kli(k) livestock activities 
136 / livst_rum, livst_pig, livst_chick, livst_egg, livst_milk / 
137  
138 kli2(kli) livestock activities 
139 / livst_rum, livst_pig, livst_chick, livst_egg, livst_milk / 
140  
141 kfo(kcr) food crop activities 
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142 / tece,maiz,trce,rice_pro, soybean,rapeseed,groundnut,sunflower,oilpalm,     
143 puls_pro,potato,cassav_sp,sugr_cane,sugr_beet,others / 
144  
145 *** conversion byproducts 
146 faoconvby fao_byproduct producing commodities from fao 
147 / brans, molasses, cake_soy, cake_groundnut, cake_oilpalm, cake_rape, cake_sunflower, 
148 cake_cotton, cake_others / 
149  
150 ***Livestock subsystems*** 
151 sub Livestock subsystems 
152 / dairy_reproducer, dairy_growing, beef_reproducer, beef_growing, pig_all, hen,    
153 chicken / 
154  
155 ***Energy densities*** 
156 ener Nutrient and Energy densities/ ME, NEl, NEm, NEg / 
157  
158 ***TYPE OF WATER SUPPLY*** 
159 w water supply type            / rainfed, irrigated / 
160  
161 ***WATER SOURCES*** 
162  wat_src water sources         / surface, ground, technical / 
163  
164 ***WATER DEAMND sectors*** 
165 wat_dem water demands          / agriculture, industry, electricity, domestic, ecosystem / 
166  
167 ***CROP ROTATION TYPES*** 
168 crp crop rotation types 
169     / cereals_r, rice_r, cer_rice_r, fieldoil_r, soybean_r, rapeseed_r,sunflower_r, 
170 groundnut_r, oilpalm_r, puls_r, potato_r, cassava_r, roots_r, sugr_cane_r, 
171 sugr_beet_r, others_r, foddr_r, fiber_r, begr_r, betr_r / 
172  
173 ***LAND POOLS*** 
174 land land pools                / crop, past, forestry, forest, urban, other / 
175  
176 si suitability classes         / si0, nsi0 / 
177  
178 ***Forestry** 
179 wt wood type                   / ind_roundwood,woodfuel / 
180  
181 ac age classes  
182 / ac5,ac10,ac15,ac20,ac25,ac30,ac35,ac40,ac45,ac50,180 ac55,ac60, ac65,ac70,ac75,ac80, 
183 ac85,ac90,ac95,ac100,ac105,ac110,ac115,ac120,ac125,ac130,ac135,ac140,ac145,ac150, 
184 ac155,ac160,ac165,ac170,ac175,ac180,ac185,ac190,ac195,ac200,ac205,ac210,ac215,ac220, 
185 ac225,ac230,ac235,ac240,ac245,ac250,ac255,ac260,ac265,ac270,ac275,ac280,ac285,ac290, 
186 ac295,acx / 
187  
188 flt forest land types                                / sown, protected, harvestable / 
189  
190 fkt function of planted age-class forest             / raw, carb / 
191  
192 when temporal location relative to optimization      / before, after / 
193  
194 tp time period                                       / present,future / 
195  
196 ws wood source                                       / ac,nac / 
197  
198 chap_par chapman-richards parameters                 / k,m / 
199  
200 *** Nutrients 
201 attributes product attributes                        /dm,ge,nr,p,k,wm/ 
202 *dry matter, gross energy, reactive nitrogen, phosphorus, potash, wet matters 
203 dm_ge_nr(attributes) attribtues relevant for nutrition 
204 / dm,ge,nr / 
205  
206 *** Crop residues 
207 res_use use of crop residues 
208     / recycle,feed,burn,bioenergy,other / 
209  
210 cgf residue production functions 
211     /slope, intercept, bg_to_ag/ 
212  
213 ***Emissions *** 
214 ghg Greenhouse gases 
215 /n2o_n, ch4, co2_c/ 
216  
217 emis emission sources 
218 /inorg_fert_n2o, man_crop_n2o, awms_n2o, resid_n2o, man_past_n2o, som_n2o, 
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219 rice_bonus_n2o, rice_ch4, ent_ferm_ch4, awms_ch4, crop_vegc, crop_litc, crop_soilc, 
220 past_vegc, past_litc, past_soilc, forestry_vegc, forestry_litc, forestry_soilc, 
221 forest_vegc, forest_litc, forest_soilc, urban_vegc, urban_litc, urban_soilc, 
222 other_vegc, other_litc, other_soilc/ 
223 emis_cell(emis) celllular emission sources 
224 /crop_vegc, crop_litc, crop_soilc, past_vegc, past_litc, past_soilc, forestry_vegc,  
225 forestry_litc, forestry_soilc, forest_vegc, forest_litc, forest_soilc, urban_vegc,       
226 urban_litc, urban_soilc, other_vegc, other_litc, other_soilc/ 
227 emis_reg(emis) regional emission sources 
228 /inorg_fert_n2o, man_crop_n2o, awms_n2o, resid_n2o, man_past_n2o, som_n2o,  
229 rice_bonus_n2o, rice_ch4, ent_ferm_ch4, awms_ch4/ 
230 emis_n2o(emis_reg) N2O emission sources 
231 /inorg_fert_n2o, man_crop_n2o, awms_n2o, resid_n2o, man_past_n2o, som_n2o, 
232 rice_bonus_n2o/ 
233 emis_ch4(emis_reg) CH4 emission sources 
234 /rice_ch4, ent_ferm_ch4, awms_ch4/ 
235 emis_co2(emis_cell) CO2 emission sources 
236 /crop_vegc, crop_litc, crop_soilc, past_vegc, past_litc, past_soilc, forestry_vegc, 
237      forestry_litc, forestry_soilc, forest_vegc, forest_litc, forest_soilc, urban_vegc,  
238      urban_litc, urban_soilc, other_vegc, other_litc, other_soilc/ 
239 emis_co2_forestry(emis_cell) forestry CO2 emission sources 
240     /forestry_vegc, forestry_litc, forestry_soilc/ 
241  
242 c_pools carbon pools 
243 /vegc,litc,soilc/ 
244  
245 ***TECHNICAL STUFF*** 
246 type type of output          / level, marginal, upper, lower / 
247  
248 ***RELATIONSHIPS BETWEEN DIFFERENT SETS*** 
249  
250 ghg_to_emis(ghg,emis) 
251 / n2o_n   . (inorg_fert_n2o, man_crop_n2o, awms_n2o, resid_n2o, man_past_n2o, som_n2o, 
252 rice_bonus_n2o) 
253       ch4     . (rice_ch4, ent_ferm_ch4, awms_ch4) 
254 co2_c . (crop_vegc, crop_litc, crop_soilc, past_vegc, past_litc, past_soilc, 
255 forestry_vegc, forestry_litc, forestry_soilc, forest_vegc, forest_litc,  
256 forest_soilc,urban_vegc, urban_litc, urban_soilc, other_vegc,  
257 other_litc, other_soilc) 
258 / 
259  
260 emis_co2_to_land(emis,land,c_pools) 
261 /crop_vegc. (crop) . (vegc) 
262  crop_litc. (crop) . (litc) 
263 crop_soilc . (crop) . (soilc) 
264  past_vegc. (past). (vegc) 
265 past_litc . (past). (litc) 
266 past_soilc . (past). (soilc) 
267 forestry_vegc . (forestry) . (vegc) 
268  forestry_litc . (forestry) . (litc) 
269 forestry_soilc . (forestry) . (soilc) 
270 forest_vegc . (forest) . (vegc) 
271 forest_litc . (forest) . (litc) 
272 forest_soilc . (forest) . (soilc) 
273 urban_vegc . (urban) . (vegc) 
274 urban_litc . (urban) . (litc) 
275  urban_soilc . (urban) . (soilc) 
276  other_vegc. (other) . (vegc) 
277  other_litc . (other) . (litc) 
278  other_soilc. (other) . (soilc) 
279 / 
280  
281 emis_co2_to_forestry(emis_co2_forestry,c_pools) 
282 /forestry_vegc . (vegc) 
283 forestry_litc . (litc) 
284  forestry_soilc . (soilc) 
285 / 
286  
287 crp_kcr(crp,kcr) 
288 / cereals_r . (tece, maiz, trce) 
289 rice_r . (rice_pro) 
290 cer_rice_r . (tece, maiz, trce, rice_pro) 
291 fieldoil_r . (soybean, rapeseed, groundnut, sunflower) 
292 soybean_r . (soybean) 
293 rapeseed_r . (rapeseed, sugr_beet) 
294 sunflower_r. (sunflower) 
295 groundnut_r. (groundnut) 
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296 oilpalm_r . (oilpalm) 
297 puls_r. (puls_pro) 
298  potato_r. (potato) 
299 cassava_r . (cassav_sp) 
300  sugr_cane_r. (sugr_cane) 
301  sugr_beet_r. (sugr_beet) 
302  others_r . (others) 
303  foddr_r. (foddr) 
304  fiber_r . (cottn_pro) 
305  begr_r. (begr) 
306  betr_r. (betr) / 
307  
308 ; 
309  
310 *** EOF sets.gms *** 

Declarations: 

1 *******************INTRODUCE CALCULATION PARAMETERS***************************** 
2  
3 parameters 
4  
5 *** Variable names: 
6 * o_consrent_glo_k 
7  
8 ****** Prefix: 
9 * s parameter 
10 * f data from files - influencing the optimization process without being influenced  
11 itself 
12 * i input -influencing without being influenced itself 
13 * ic value within the current timestep (necessary for constraints) 
14 * p processing - influencing and being influenced 
15 * pc value within the current timestep (necessary for constraints) 
16 * o output - only being influenced without influencing 
17 * v variable 
18 * q equations 
19 * oq parameter containing levels and marginals of an equation 
20 * ov parameter containing levels and marginals of a variable 
21 * m an extension of the prefix with the letter "m" means, that this object is 
22 *used by at least one module. So check all modules, if you intent to modify it 
23 * ? an extension with another letter different to m and c means that this 
24 * object belongs to a module. Hence, it should also only occur in modules 
25 * without prefix - auxiliary parameters 
26  
27 ****** Suffix 
28 * no suffix: highest disaggregation scale available 
29 * reg: regional aggregation 
30 * glo: global aggregation 
31 * k: aggregation over activities 
32 * kve: can also be aggregated over a subset of k 
33  
34 pm_interest(i) real interest reate in each region 
35 pm_annuity_due(i) Annuity-due annual cash flows over n years in each region 
36 (vorschuessig) 
37  
38 *** Technical Parameters ******************************************************* 
39 o_modelstat(t) modelstat 
40 im_years(t) years between previous and current time step(years) 
41  
42 ****** Emissions and Nutrients 
43 fcm_ghg_prices(i,ghg) current ghg prices 
44 pm_nr_som(t,j) Nr released by soil organic matter loss (Tg Nr) 
45 pm_nr_som_usable(t,j) Nr released by soil organic matter loss thatcan be  
46 aquired by cropping activities (Tg Nr) 
47  
48 ****** Land-Expansion 
49 pm_land_start(j,land)landpools from initialization (mio.ha) 
50 pm_land(t,j,land,si)area of different land types (mio. ha) 
51 pcm_land(j,land,si) current area of different land types(mio. ha) 
52 pcm_land_shift(j,land,si) current area of shifted land for different landtypes  
53 (mio. ha) 
54 ********* SUPPLY *************************************************************** 
55 ****** Yields 
56 im_yields(t,j,kve,w)               input yields (ton DM per ha) 
57 p_yld(j,kcr,w)                     Yield (ton DM per ha) 
58 p_tau(t,i)                         agricultural land use intensity tau (1) 
59 pcm_tau(i)                         agricultural land use intensity tau of current time 
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60 step (1) 
61  
62 ********* DEMAND *************************************************************** 
63 *IW 
64  
65 ****** Food 
66 im_dem_food(t,i,k) regional food demand (10^6 ton DM) 
67 i_food_ME_shr_new(t,i,k) updated food shares (1) 
68 ic_dem_food(i,k) i_reg_dem_food for the actual time step (10^6ton DM) 
69  
70 ****** Feed 
71 im_feed_bask(t,i,kli,kbio)feed basket per animal type (Mt DM per Mt DM) 
72  
73 ****** Others 
74 im_dem_material(t,i,k)             regional material demand (10^6 ton DM) 
75 i_mat_GE_shr_new(t,i,k) updated material shares (1) 
76 ic_dem_material(i,k)i_reg_dem_material for the actual time step  
77 (10^6 ton DM) 
78 im_attributes_harvest(attributes,kve) attributes of harvested organs  
79 (t DM WM Nr P KGJ per ton product) 
80  
81 i_carbon_density(t,j,land,c_pools) carbon density in vegetation soil andlitter  
82 (tC per ha) 
83 icm_carbon_density(j,land,c_pools) carbon density in vegetation soil andlitter of current  
84 time step (tC per ha 
85  
86 ********* CROP-ROTATIONAL CONSTRAINT ******************************************* 
87  
88 ********* WATER **************************************************************** 
89  
90 ********* COSTS **************************************************************** 
91  
92 ********* OTHER **************************************************************** 
93  
94 ; 
95  
96 scalars 
97 s_counter counter (-) 
98 sm_years length of current time step (years) 
99 sm_use_bioenergy switch to deactivate bioenergy use  
100 (needed for presolve module)/ 1 / 
101 ; 
102  
103 variables 
104 vm_cost_glo total costs of production (mio. US$) 
105 vm_emissions_reg(i,ghg) endogenous emissions (Tg N2O-N CH4 and CO2-C) 
106 vm_emission_costs(i) Costs for emission pollution rights (mio. US$) 
107  vm_btm_cell(j,emis_cell)annual emissions by emission source categories  
108 (TgN2O-N CH4 and CO2-C per year) 
109 vm_btm_reg(i,emis_reg) annual emissions by emission source categories  
110 (TgN2O-N CH4 and CO2-C per year) 
111 vm_exp_emis_affore(j,emis_co2_forestry)  total additional co2_c emissions beyond current  
112 time step according to sm_invest_horizon) (Tg CO2-C) 
113 ; 
114  
115 positive variables 
116  
117 vm_cost_reg(i)regional costs (mio. US$) 
118  
119 vm_prod(j,k) production in each cell (mio. ton DM) 
120 vm_prod_reg(i,k) regional aggregated production (mio. ton DM) 
121 vm_area(j,kcr,w) production area (mio. ha) 
122 vm_land(j,land,si)                areas of the different land types (mio.ha) 
123  
124 vm_yld(j,kcr,w)                   yields (variable because of technical change) 
125 (ton DM per ha) 
126 vm_tau(i)                         agricultural land use intensity tau (1) 
127 vm_tech_cost(i)                   costs of technological change (mio. US$) 
128  
129 vm_cost_prod(i,k)                 factor costs (mio US$) 
130 vm_cost_transp(j,k)               transportation costs (mio US$) 
131 vm_cost_landcon(j,land)           landconversion costs (mio US$) 
132  
133 vm_supply(i,k)                    regional demand (mio ton DM) 
134 vm_dem_feed(i,kli,kbio)           regional feed demand including byproducts (mio ton DM) 
135 vm_dem_bioen(i,k)                 regional bioenergy demand (mio. ton DM) 
136  
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137 vm_watdem(wat_dem,j)              amount of water needed in different sectors (mio. m^3) 
138 vm_watavail(wat_src,j)            amount of water available from different sources 
139 (mio. m^3) 
140 vm_AEI(j)                         area equipped for irrigation in each gridcell (mio ha.) 
141 vm_cost_AEI(i)                    irrigation expansion costs (mio. US$) 
142  
143 vm_maccs_costs(i)                 costs of technical mitigation of GHG emissions  
144 (mio US$2004) 
145 vm_nr_inorg_fert_costs(i)         inorganic fertilizer costs (module emissions) 
146 vm_nr_impact_costs(i)             nitrogen impact costs (module nr_impacts) in mio US$ 
147 vm_dem_res_substitutes(i,kli,kcr) Demand for subsitutes of crop residues (when more crop 
148  residues are required than would be produced for crop 
149 demand) (module residues) 
150 vm_dem_convby_substitutes(i,kli,kcr) Demand for subsitutes of conversion byproducts(when 
151 more crop residues are required than would be produced  
152                                   for crop demand) (module residues) 
153 vm_prod_res_ag_reg(i,kve)         production of aboveground residues in each region  
154 (mio. ton DM) 
155 vm_prod_res_bg_reg(i,kve)         production of belowground residues in each region  
156 (mio. ton DM) 
157 vm_res_supply(i,res_use,kve)      use of residues for different purposes (1) 
158 vm_res_use_feed(i,kli,attributes) residues used for feed distinguished by kli  
159 (Mtattributes) 
160 vm_convby_feed(i,kli,attributes)  nutrients in conversion byproducts fed to livestock by 
161 kli (Mt attributes)) 
162  
163 vm_cost_trade(i)                  transport costs and taxes for the bilateral trade  
164 (Mio US$) 
165  
166 vm_carbon_stock(j,land,c_pools)   carbon in vegetation soil and litter for different land  
167 types (Mio tC) 
168 vm_cost_past(i) pasture costs (Mio US$) 
169  
170 vm_prod_wood(j,ws,tp) wood production (mio. m3 DM) 
171 vm_cost_fore(i,ws) total forestry costs (Mio US$) 
172 ; 
173  
174 equations 
175  
176 q_cost_glo objective function 
177 q_trade_glo(k) Global production >demand constraint 
178 q_trade_reg(i,k_notrade) regional production >demand constraint for non traded 
179 commodities 
180 q_cost_reg(i) regional cost constraint 
181  
182 q_yield(j,kcr,w)yields 
183 q_prod(j,kcr) production constraint for vegetal products 
184  
185 q_cropland(j)                    crop conversion constraint 
186 q_land(j,si)                     land conversion constraint 
187  
188 q_supply(i,k)                    regional demand 
189 q_prod_reg(i,k)                  regional production 
190  
191 q_rotation_max(j,crp,w)          local rotational constraints 
192 q_rotation_min(j,crp,w)          local rotational constraints (minimum) 
193  
194 q_water(j)                       local seasonal water constraints 
195 q_area_irrig(j)                  irrigation area constraint 
196  
197 ; 
198  
199 *#################### R SECTION START (OUTPUT DECLARATIONS) #################### 
200  
201 parameters 
202  
203 ov_cost_glo(t,type)              total costs of production (mio. US$) 
204 ov_emissions_reg(t,i,ghg,type)   endogenous emissions (Tg N2O-N CH4 and CO2-C) 
205 ov_emission_costs(t,i,type)      Costs for emission pollution rights (mio. US$) 
206 ov_btm_cell(t,j,emis_cell,type)  annual emissions by emission source categories  
207 (Tg N2O-N CH4 and CO2-C per year) 
208 ov_btm_reg(t,i,emis_reg,type)    annual emissions by emission source categories  
209 (Tg N2O-N CH4 and CO2-C per year) 
210 ov_exp_emis_affore(t,j,emis_co2_forestry,type)     total additional co2_c emissions beyond 
211                                  current time step according to sm_invest_horizon)  
212 (Tg CO2-C) 
213 ov_cost_reg(t,i,type)            regional costs (mio. US$) 
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214 ov_prod(t,j,k,type)              production in each cell (mio. ton DM) 
215 ov_prod_reg(t,i,k,type)          regional aggregated production (mio. ton DM) 
216 ov_area(t,j,kcr,w,type)          production area (mio. ha) 
217 ov_land(t,j,land,si,type)        areas of the different land types (mio.ha) 
218 ov_yld(t,j,kcr,w,type)           yields (variable because of technical change)  
219 (ton DM per ha) 
220 ov_tau(t,i,type)                 agricultural land use intensity tau (1) 
221 ov_tech_cost(t,i,type)           costs of technological change (mio. US$) 
222 ov_cost_prod(t,i,k,type)         factor costs (mio US$) 
223 ov_cost_transp(t,j,k,type)       transportation costs (mio US$) 
224 ov_cost_landcon(t,j,land,type)   landconversion costs (mio US$) 
225 ov_supply(t,i,k,type) regional demand (mio ton DM) 
226 ov_dem_feed(t,i,kli,kbio,type)   regional feed demand including byproducts 
227 (mio ton DM) 
228 ov_dem_bioen(t,i,k,type)         regional bioenergy demand (mio. ton DM) 
229 ov_watdem(t,wat_dem,j,type)      amount of water needed in different sectors (mio. m^3) 
230 ov_watavail(t,wat_src,j,type)    amount of water available from different sources 
231 (mio. m^3) 
232 ov_AEI(t,j,type)                 area equipped for irrigation in each gridcell  
233 (mio ha.) 
234 ov_cost_AEI(t,i,type)            irrigation expansion costs (mio. US$) 
235 ov_maccs_costs(t,i,type)         costs of technical mitigation of GHG emissions  
236 (mio US$2004) 
237 ov_nr_inorg_fert_costs(t,i,type) inorganic fertilizer costs (module emissions) 
238 ov_nr_impact_costs(t,i,type)     nitrogen impact costs (module nr_impacts) in mio US$ 
239 ov_dem_res_substitutes(t,i,kli,kcr,type)      Demand for subsitutes of crop residues (when 
240                                  more crop residues are required than would be produced  
241 for crop demand) (module residues) 
242 ov_dem_convby_substitutes(t,i,kli,kcr,type)      Demand for subsitutes of conversion 
243                                  byproducts (when more crop residues are required than  
244                                  would be produced for crop demand) (module residues) 
245 ov_prod_res_ag_reg(t,i,kve,type) production of aboveground residues in each region  
246 (mio. ton DM) 
247 ov_prod_res_bg_reg(t,i,kve,type) production of belowground residues in each region  
248 (mio. ton DM) 
249 ov_res_supply(t,i,res_use,kve,type)         use of residues for different purposes (1) 
250 ov_res_use_feed(t,i,kli,attributes,type)    residues used for feed distinguished by kli 
251 (Mt attributes) 
252 ov_convby_feed(t,i,kli,attributes,type)     nutrients in conversion byproducts fed to 
253                                  livestock by kli (Mt attributes)) 
254 ov_cost_trade(t,i,type)          transport costs and taxes for the bilateral trade  
255 (Mio US$) 
256 ov_carbon_stock(t,j,land,c_pools,type)      carbon in vegetation soil and litter for 
257 different land types (Mio tC) 
258 ov_cost_past(t,i,type)           pasture costs (Mio US$) 
259 ov_prod_wood(t,j,ws,tp,type)     wood production (mio. m3 DM) 
260 ov_cost_fore(t,i,ws,type)        total forestry costs (Mio US$) 
261 oq_cost_glo(t,type)              objective function 
262 oq_trade_glo(t,k,type)           Global production >demand constraint 
263 oq_trade_reg(t,i,k_notrade,type) regional production >demand constraint for non traded  
264 commodities 
265 oq_cost_reg(t,i,type)            regional cost constraint 
266 oq_yield(t,j,kcr,w,type)         yields 
267 oq_prod(t,j,kcr,type)            production constraint for vegetal products 
268 oq_cropland(t,j,type)            crop conversion constraint 
269 oq_land(t,j,si,type)             land conversion constraint 
270 oq_supply(t,i,k,type)            regional demand 
271 oq_prod_reg(t,i,k,type)          regional production 
272 oq_rotation_max(t,j,crp,w,type)  local rotational constraints 
273 oq_rotation_min(t,j,crp,w,type)  local rotational constraints (minimum) 
274 oq_water(t,j,type)                local seasonal water constraints 
275 oq_area_irrig(t,j,type)           irrigation area constraint 
276 ; 
277  
278 *##################### R SECTION END (OUTPUT DECLARATIONS) ##################### 
279  
280 *** EOF declarations.gms *** 
Input: 

1 ** Technical Parameters ******************************************************* 
2 *Output parameters about calculation quality and feasibility 
3  
4 ******* Calibration factor 
5 table f_yld_calib(i,kve) Calibration factor for the LPJ yields () 
6 $ondelim 
7 $include "./input/regional/reg.calib_factor.csv" 
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8 $offdelim; 
9  
10  
11 ********* SUPPLY *************************************************************** 
12  
13 ****** Production 
14  
15 parameter fm_DM_content(kbio)    Dry matter content (% fresh matter)   [Wirsenius] 
16 / 
17 $ondelim 
18 $include "./input/regional/DM_content.csv" 
19 $offdelim 
20 /; 
21  
22 table fm_seed_shr(i,k)           seed share relative to production (1) [FAO - FBS] 
23 $ondelim 
24 $include "./input/regional/seed_shr.csv" 
25 $offdelim; 
26  
27  
28 table fm_prod_kli_1995(i,kli)    livestock product production for 1995 in Mt 
29 $ondelim 
30 $include "./input/regional/prod_kli_fao_1995.csv" 
31 $offdelim ; 
32  
33 parameter fm_tau1995(i)          agricultural land use intensity tau in 1995 (1) 
34 / 
35 $ondelim 
36 $include "./input/regional/tau_total_1995.csv" 
37 $offdelim 
38 /; 
39  
40 ****** Nutritional Value 
41  
42 parameter fm_GE_content(kbio)    Gross energy content (GJ per ton DM) [Wirsenius] used in  
43 emimodule 
44 / 
45 $ondelim 
46 $include "./input/regional/GE_content.csv" 
47 $offdelim 
48 /; 
49  
50 table f_attributes_harvest_pure(attributes, kve) Nutrient content of harvested organ in t 
51                                  nutrient per t DM not corrected for different isabelles  
52 different dm contents 
53 $ondelim 
54 $include "./input/regional/f_attributes_harvest.csv" 
55 $offdelim ; 
56  
57 parameter fm_DM_correct(k)       Dry matter correction factor between Wirsenius  
58 (currently used)and more detailed dm-estimate  
59 (only used in nutrient-implementation) 
60 / 
61 $ondelim 
62 $include "./input/regional/dm_correct.csv" 
63 $offdelim 
64 / ; 
65  
66 table fm_attributes_residue_ag(attributes,kve) Nutrient content of abovegroudn crop 
67 residues in t nutrient per t DM 
68 $ondelim 
69 $include "./input/regional/f_attributes_residue_ag.csv" 
70 $offdelim; 
71  
72 ********* DEMAND *************************************************************** 
73  
74 table fm_prod_cal(i,k)           Calibration of FBS production to ProdSTAT production (1)   
75 [FAO - FBS] 
76 $ondelim 
77 $include "./input/regional/production_cal.csv" 
78 $offdelim; 
79  
80  
81 ****** Food 
82  
83 table f_food_ME_shr_1995(i,k)    Food shares in regional food energy consumption (1)  
84 [FAO -FBS] 
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85 $ondelim 
86 $include "./input/regional/food_ME_shr.csv" 
87 $offdelim; 
88  
89 table fm_human_ME_content(i,k)   Calculated human metabolizable energy content 
90 (GJ per ton DM)[FAO - FBS] 
91 $ondelim 
92 $include "./input/regional/human_ME_content.csv" 
93 $offdelim; 
94  
95  
96 ****** Feed 
97  
98 *!!!!!!!!!!!!!!!! 
99 table fm_animal_en_content(sub,ener,kbio) different energy densities of k for livestock 
100 subsystems (GJ per ton DM) [Wirsenius] 
101 $ondelim 
102 $include "./input/regional/animal_en_content.csv" 
103 $offdelim; 
104  
105 ****** Others 
106  
107 table f_mat_GE_shr(i,k)          Material shares in regional material gross energy  
108 consumption (1)[FAO - FBS] [Wirsenius] 
109 $ondelim 
110 $include "./input/regional/mat_GE_shr.csv" 
111 $offdelim; 
112  
113 ********* CROP-ROTATIONAL CONSTRAINT ******************************************* 
114  
115 parameter f_rotation_max_shr(crp) Max allowed shares for each crop demand type (1) 
116 / 
117 $ondelim 
118 $include "./input/regional/rotation_max.csv" 
119 $offdelim 
120 /; 
121  
122 parameter f_rotation_min_shr(crp) Max allowed shares for each crop demand type (1) 
123 / 
124 $ondelim 
125 $include "./input/regional/rotation_min.csv" 
126 $offdelim 
127 /; 
128  
129 ********* TRADE **************************************************************** 
130 *CS 
131  
132 table fm_self_suff_seedred_1995(i,k) Self Sufficiency rate (reduced by seed use) (1)  
133 [FAO - FBS] 
134 $ondelim 
135 $include "./input/regional/self_suff_seedred.csv" 
136 $offdelim; 
137  
138 table fm_exp_shr_1995(i,k)         regional and crop-specific export share (1) 
139 $ondelim 
140 $include "./input/regional/export_shr.csv" 
141 $offdelim; 
142  
143  
144 ********* RENTS AND VALUES ***************************************************** 
145  
146 table f_ghg_prices(t_all,i,ghg)      ghg certificate prices  
147 (US$ 2004 per Tg N2O-N CH4 and CO2-C) 
148 $ondelim 
149 $include "./input/regional/ghg_prices.cs3" 
150 $offdelim 
151 ; 
152  
153 **************************** Cellular Inputs ************************************ 
154  
155 ****** C Content Density 
156 table f_carbon_density(t_all,j,land,c_pools) LPJ carbon density for land and carbon pools 
157 (tC per ha) 
158 $ondelim 
159 $include "./input/cellular/lpj_carbon_stocks.cs3" 
160 $offdelim ; 
161  
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162 table f_yields(t_all,j,kve,w) LPJ potential yields per cell  
163 (rainfed and irrigated) [ton drymatter per ha] 
164 $ondelim 
165 $include "./input/cellular/lpj_yields.cs3" 
166 $offdelim 
167 ; 
168  
169 table f_land(j,land,si) Different land type areas (si0 and nsi0) [mio. ha] 
170 $ondelim 
171 $include "./input/cellular/avl_land.cs3" 
172 $offdelim 
173 ; 
174  
175 parameters 
176 fm_irrig(j) available area equipped for irrigation (million ha)  
177 [AVL] 
178 / 
179 $ondelim 
180 $include "./input/cellular/avl_irrig.cs2" 
181 $offdelim 
182 / 
183 ; 
184 ****** Year auxiliary parameter 
185  
186 parameter fm_years(t_all) file containing the years of the t_all set 
187 / 
188 $ondelim 
189 $include "./input/regional/years.csv" 
190 $offdelim 
191 /; 
192  
193 *** EOF input.gms *** 

Equations: 

1 ******************************************************************************** 
2 *****************************OBJECTIVE FUNCTION********************************* 
3  
4 q_cost_glo .. vm_cost_glo 
5 =e= 
6 sum(i, vm_cost_reg(i)); 
7  
8 q_cost_reg(i) .. vm_cost_reg(i) 
9 =e= 
10 sum(k, vm_cost_prod(i,k)) 
11 + sum((cell(i,j),land), vm_cost_landcon(j,land)) 
12 + sum((cell(i,j),k), vm_cost_transp(j,k)) 
13 + vm_tech_cost(i) 
14 + vm_nr_inorg_fert_costs(i) 
15 + vm_emission_costs(i) 
16 + vm_maccs_costs(i) 
17 + vm_nr_impact_costs(i) 
18 + vm_cost_AEI(i) 
19 + vm_cost_trade(i) 
20 + sum(ws, vm_cost_fore(i,ws)) 
21 + vm_cost_past(i) 
22 ; 
23  
24 ******************************************************************************** 
25 *********************************CONSTRAINTS************************************ 
26  
27 ******************************GLOBAL CONSTRAINTS******************************** 
28  
29 *Sum over all supplies > Global demand 
30  
31 q_trade_glo(k).. sum(i ,vm_prod_reg(i,k)) 
32 =g= 
33 sum(i, vm_supply(i,k)); 
34  
35 *****************************REGIONAL CONSTRAINTS******************************* 
36  
37 q_trade_reg(i,k_notrade).. vm_prod_reg(i,k_notrade) 
38 =g= 
39 vm_supply(i,k_notrade); 
40  
41  
42 q_supply(i,k) .. vm_supply(i,k) 
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43 =e= 
44 ic_dem_food(i,k) 
45 + ic_dem_material(i,k) 
46                  + sum(kli, vm_dem_feed(i,kli,k)) 
47                  + vm_dem_bioen(i,k) 
48 + vm_prod_reg(i,k) * fm_seed_shr(i,k); 
49  
50 ****************************CELLULAR Aggregation CONSTRAINTS******************** 
51  
52 q_prod_reg(i,k) .. vm_prod_reg(i,k) 
53 =e= 
54                    sum(cell(i,j), vm_prod(j,k)); 
55  
56 ****************************CELLULAR CONSTRAINTS******************************** 
57  
58 q_land(j,si) .. sum(land, vm_land(j,land,si)) 
59 =e= 
60                 sum(land, pcm_land(j,land,si)); 
61  
62 q_cropland(j) .. sum((kcr,w), vm_area(j,kcr,w)) 
63 =e= 
64 vm_land(j,"crop","si0"); 
65  
66 q_yield(j,kcr,w) .. vm_yld(j,kcr,w) 
67 =e= 
68 p_yld(j,kcr,w)*sum(cell(i,j),vm_tau(i)/pcm_tau(i)); 
69  
70 q_prod(j,kcr) .. vm_prod(j,kcr) 
71 =e= 
72 sum(w, vm_area(j,kcr,w)*vm_yld(j,kcr,w)); 
73  
74 *Rotational constraints: 
75 q_rotation_max(j,crp,w) .. sum((crp_kcr(crp,kcr)), vm_area(j,kcr,w)) 
76 =l= 
77 sum(kcr, vm_area(j,kcr,w))*f_rotation_max_shr(crp); 
78  
79 q_rotation_min(j,crp,w) .. sum((crp_kcr(crp,kcr)), vm_area(j,kcr,w)) 
80 =g= 
81 sum(kcr, vm_area(j,kcr,w))*f_rotation_min_shr(crp); 
82  
83  
84 q_water(j) .. sum(wat_dem,vm_watdem(wat_dem,j)) 
85 =l= 
86 sum(wat_src,vm_watavail(wat_src,j)) ; 
87  
88 q_area_irrig(j) .. sum(kcr, vm_area(j,kcr,"irrigated")) 
89 =l= 
90 vm_AEI(j); 
91  
92 *** EOF constraints.gms *** 

Calculations: 

1 ******************************************************************************** 
2 ****************************PREPROCESSING START********************************* 
3 *In this section everything is calculated that is not influenced by the 
4 *optimization process. Hence these lines CAN INFLUENCE the optimization process 
5 *but CANNOT BE INFLUENCED by it. 
6  
7  
8 im_years("y1995") = 1; 
9 im_years(t)$(ord(t)>1) = fm_years(t)-fm_years(t-1); 
10  
11 display im_years; 
12  
13  
14  
15 ***WATER PREPROCESSING********************************************************** 
16  
17  
18 ***YIELDS PREPROCESSING********************************************************* 
19  
20 ***YIELD CORRECTION FOR 2ND GENERATION BIOENERGY CROPS************************** 
21 f_yields(t,j,"begr",w) = f_yields(t,j,"begr",w)*sum(cell(i,j),fm_tau1995(i))/fm_tau1995 
22 ("EUR"); 
23 f_yields(t,j,"betr",w) = f_yields(t,j,"betr",w)*sum(cell(i,j),fm_tau1995(i))/fm_tau1995 
24 ("EUR"); 
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25  
26  
27 if((sm_with_climate = 1), 
28 im_yields(t,j,kve,w) = f_yields(t,j,kve,w); 
29 i_carbon_density(t,j,land,c_pools) = f_carbon_density(t,j,land,c_pools); 
30 else 
31 im_yields(t,j,kve,w) = f_yields("y1995",j,kve,w); 
32 i_carbon_density(t,j,land,c_pools) = f_carbon_density("y1995",j,land,c_pools); 
33 ); 
34  
35 if((s_use_calib = 1), 
36      im_yields(t,j,kve,w)    = im_yields(t,j,kve,w)*sum(cell(i,j),f_yld_calib(i,kve)); 
37 ); 
38  
39 pcm_tau(i)                   = fm_tau1995(i); 
40 p_tau("y1995",i)             = fm_tau1995(i); 
41  
42 *** LAND *********************************************************************** 
43 * set initial value (required for compiler) 
44 pm_nr_som(t,j)=0; 
45 pm_nr_som_usable(t,j)        =0; 
46  
47 *** LAND *********************************************************************** 
48  
49 pm_land_start(j,land)        = sum(si, f_land(j,land,si)); 
50 pcm_land(j,land,si)          = f_land(j,land,si); 
51 pcm_land_shift(j,land,si)    = 0; 
52  
53 ***DEMAND ********************************************************************** 
54  
55  
56 ******Consumption shares 
57 *Changes in food consumption patterns 
58 i_food_ME_shr_new(t,i,kve) 
59 = f_food_ME_shr_1995(i,kve)*(1 - fm_livst_shr(t,i))/(1 - fm_livst_shr("y1995",i)); 
60 i_food_ME_shr_new(t,i,kli) 
61 = f_food_ME_shr_1995(i,kli)*fm_livst_shr(t,i)/fm_livst_shr("y1995",i); 
62  
63 *Changes in material consumption patterns 
64 i_mat_GE_shr_new(t,i,k) = f_mat_GE_shr(i,k); 
65  
66  
67 ******Calculate final demand 
68 *regional demand (10^6 ton DM) 
69 im_dem_food(t,i,k) = (fm_food_demand(t,i) 
70 *i_food_ME_shr_new(t,i,k)/fm_human_ME_content(i,k))$(i_food_ME_shr_new(t,i,k) >0); 
71 im_dem_material(t,i,k)      = (fm_material_demand(t,i) 
72 *i_mat_GE_shr_new(t,i,k)/fm_GE_content(k))$(i_mat_GE_shr_new(t,i,k) >0) ; 
73  
74 * correct for differences between FAO FBS and prodstat 
75 im_dem_food(t,i,k) = im_dem_food(t,i,k) * fm_prod_cal(i,k); 
76 im_dem_material(t,i,k)      = im_dem_material(t,i,k) * fm_prod_cal(i,k); 
77  
78  
79 *** Crop Attritbutes 
80 * correct differences in DM content between Isabelles crop groups and mine 
81  
82 im_attributes_harvest(attributes,kve)      =f_attributes_harvest_pure(attributes,kve) 
83 *fm_DM_correct(kve); 
84  
85 $batinclude "./modules/include.gms" preloop 
86  
87 *****************************PREPROCESSING END********************************** 
88 ******************************************************************************** 
89  
90 *create dummy file (this is necessary to be able to use put_utility and it has 
91 *to be done here because a file declaration cannot be inside a loop 
92 file dummy; dummy.pw=2000;put dummy; 
93  
94 ******************************************************************************** 
95 ************************OPTIMIZATION PROCESS START****************************** 
96 *This section contains only sourcecode that is directly connected to the 
97 *optimization process. That means that everything on the following lines 
98 *INFLUENCES and IS INFLUENCED by the optimization process (except the 
99 *redefinition on preprocessed data). 
100 *Hence one can describe this section together with the constraints section 
101 *as "model-core". 
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102  
103 ***************************TIMESTEP LOOP START********************************** 
104 loop (t, 
105  
106 *Shift land between land pools 
107 pcm_land(j,land,si)           = pcm_land(j,land,si) + pcm_land_shift(j,land,si); 
108 pm_land(t,j,land,si)          = pcm_land(j,land,si); 
109 vm_land.l(j,land,si)          = pcm_land(j,land,si); 
110 pcm_land_shift(j,land,si)     = 0; 
111  
112 * redefine preprocessed data using only the information for the current time step 
113 * this is necessary because every parameter used in a constraint must not 
114 * contain the time t explicitly (parameters are marked with "c" for "current"). 
115  
116 ic_dem_food(i,k) = im_dem_food(t,i,k); 
117 ic_dem_material(i,k)          = im_dem_material(t,i,k); 
118  
119 icm_carbon_density(j,land,c_pools) = i_carbon_density(t,j,land,c_pools); 
120  
121 fcm_ghg_prices(i,ghg) = f_ghg_prices(t,i,ghg); 
122  
123 sm_years = im_years(t); 
124  
125 if((ord(t) = 1), 
126 p_yld(j,kcr,w) = im_yields(t,j,kcr,w); 
127 else 
128 p_yld(j,kcr,w) = im_yields(t,j,kcr,w)*sum(cell(i,j),pcm_tau(i)/fm_tau1995(i)); 
129 ); 
130  
131 $batinclude "./modules/include.gms" presolve 
132  
133 *Loading gdx-files (sm_use_gdx>0) 
134 if((sm_use_gdx >0), 
135 $if exist "magpie_y1995.gdx" if(sameas(t,"y1995"),Execute_Loadpoint "magpie_y1995.gdx"; ); 
136 ); 
137  
138 if((sm_use_gdx = 2), 
139 $if exist "magpie_y2000.gdx" if(sameas(t,"y2000"),Execute_Loadpoint "magpie_y2000.gdx"; ); 
140 $if exist "magpie_y2005.gdx" if(sameas(t,"y2005"),Execute_Loadpoint "magpie_y2005.gdx"; ); 
141 $if exist "magpie_y2010.gdx" if(sameas(t,"y2010"),Execute_Loadpoint "magpie_y2010.gdx"; ); 
142 $if exist "magpie_y2015.gdx" if(sameas(t,"y2015"),Execute_Loadpoint "magpie_y2015.gdx"; ); 
143 $if exist "magpie_y2020.gdx" if(sameas(t,"y2020"),Execute_Loadpoint "magpie_y2020.gdx"; ); 
144 $if exist "magpie_y2025.gdx" if(sameas(t,"y2025"),Execute_Loadpoint "magpie_y2025.gdx"; ); 
145 $if exist "magpie_y2030.gdx" if(sameas(t,"y2030"),Execute_Loadpoint "magpie_y2030.gdx"; ); 
146 $if exist "magpie_y2035.gdx" if(sameas(t,"y2035"),Execute_Loadpoint "magpie_y2035.gdx"; ); 
147 $if exist "magpie_y2040.gdx" if(sameas(t,"y2040"),Execute_Loadpoint "magpie_y2040.gdx"; ); 
148 $if exist "magpie_y2045.gdx" if(sameas(t,"y2045"),Execute_Loadpoint "magpie_y2045.gdx"; ); 
149 $if exist "magpie_y2050.gdx" if(sameas(t,"y2050"),Execute_Loadpoint "magpie_y2050.gdx"; ); 
150 $if exist "magpie_y2055.gdx" if(sameas(t,"y2055"),Execute_Loadpoint "magpie_y2055.gdx"; ); 
151 $if exist "magpie_y2060.gdx" if(sameas(t,"y2060"),Execute_Loadpoint "magpie_y2060.gdx"; ); 
152 $if exist "magpie_y2065.gdx" if(sameas(t,"y2065"),Execute_Loadpoint "magpie_y2065.gdx"; ); 
153 $if exist "magpie_y2070.gdx" if(sameas(t,"y2070"),Execute_Loadpoint "magpie_y2070.gdx"; ); 
154 $if exist "magpie_y2075.gdx" if(sameas(t,"y2075"),Execute_Loadpoint "magpie_y2075.gdx"; ); 
155 $if exist "magpie_y2080.gdx" if(sameas(t,"y2080"),Execute_Loadpoint "magpie_y2080.gdx"; ); 
156 $if exist "magpie_y2085.gdx" if(sameas(t,"y2085"),Execute_Loadpoint "magpie_y2085.gdx"; ); 
157 $if exist "magpie_y2090.gdx" if(sameas(t,"y2090"),Execute_Loadpoint "magpie_y2090.gdx"; ); 
158 $if exist "magpie_y2095.gdx" if(sameas(t,"y2095"),Execute_Loadpoint "magpie_y2095.gdx"; ); 
159 $if exist "magpie_y2100.gdx" if(sameas(t,"y2100"),Execute_Loadpoint "magpie_y2100.gdx"; ); 
160 $if exist "magpie_y2105.gdx" if(sameas(t,"y2105"),Execute_Loadpoint "magpie_y2105.gdx"; ); 
161 $if exist "magpie_y2110.gdx" if(sameas(t,"y2110"),Execute_Loadpoint "magpie_y2110.gdx"; ); 
162 $if exist "magpie_y2115.gdx" if(sameas(t,"y2115"),Execute_Loadpoint "magpie_y2115.gdx"; ); 
163 $if exist "magpie_y2120.gdx" if(sameas(t,"y2120"),Execute_Loadpoint "magpie_y2120.gdx"; ); 
164 $if exist "magpie_y2125.gdx" if(sameas(t,"y2125"),Execute_Loadpoint "magpie_y2125.gdx"; ); 
165 $if exist "magpie_y2130.gdx" if(sameas(t,"y2130"),Execute_Loadpoint "magpie_y2130.gdx"; ); 
166 $if exist "magpie_y2135.gdx" if(sameas(t,"y2135"),Execute_Loadpoint "magpie_y2135.gdx"; ); 
167 $if exist "magpie_y2140.gdx" if(sameas(t,"y2140"),Execute_Loadpoint "magpie_y2140.gdx"; ); 
168 $if exist "magpie_y2145.gdx" if(sameas(t,"y2145"),Execute_Loadpoint "magpie_y2145.gdx"; ); 
169 $if exist "magpie_y2150.gdx" if(sameas(t,"y2150"),Execute_Loadpoint "magpie_y2150.gdx"; ); 
170 ); 
171  
172 * use_GDX -1: 
173 if ((sm_use_gdx = -1), 
174 if((ord(t)=1), 
175 vm_area.l(j,kcr,"irrigated") = fm_irrig(j)/card(kcr); 
176           vm_area.l(j,kcr,"rainfed") = (pcm_land(j,"crop","si0") - fm_irrig(j))/card(kcr); 
177  
178 vm_tau.l(i) = 1.6; 
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179  
180 ); 
181 ); 
182  
183 vm_tech_cost.up(i)                 = 10e9; 
184  
185 vm_area.fx(j,"begr","irrigated")   =0; 
186 vm_area.fx(j,"betr","irrigated")   =0; 
187  
188 s_counter = 0; 
189  
190 *************************** SOLVE STATEMENT ************************************ 
191  
192 while((s_counter <sm_maxiter), 
193       solve magpie USING nlp MINIMIZING vm_cost_glo ; 
194 o_modelstat(t) = magpie.modelstat; 
195 if((magpie.modelstat <3), 
196 s_counter = 1000; 
197          put_utility 'shell' / 'Rscript --vanilla ./rename_gdx.R ' t.tl; 
198 ); 
199 s_counter = s_counter + 1 ; 
200       if((s_counter = sm_maxiter-1 and magpie.modelstat  
201 >2 and magpie.modelstat ne 7),magpie.solprint = 1); 
202 ); 
203  
204 if((magpie.modelstat >2 and magpie.modelstat ne 7), 
205 Execute_Unload "fulldata.gdx"; 
206       abort "no feasible solution found ",magpie.modelstat; 
207 ); 
208  
209 ******************************************************************************** 
210  
211 *** Land Patterns are transferred to next timestep 
212  
213 pcm_land(j,land,si)       = vm_land.l(j,land,si); 
214 pm_land(t,j,land,si)      = pcm_land(j,land,si); 
215  
216 pcm_tau(i)                = vm_tau.l(i); 
217 p_tau(t,i)                = vm_tau.l(i); 
218  
219 ******************************************************************************** 
220 $batinclude "./modules/include.gms" postsolve 
221  
222 ******************************************************************************** 
223 *shift land reset vm_land and vm_carbon_stock after reshuffling in 1st timestep 
224 if ((ord(t) = 1), 
225          vm_land.l(j,land,si) = vm_land.l(j,land,si) + pcm_land_shift(j,land,si); 
226          pcm_land(j,land,si) = vm_land.l(j,land,si); 
227          pm_land(t,j,land,si) = pcm_land(j,land,si); 
228          pcm_land_shift(j,land,si) = 0; 
229 ); 
230  
231 *************************OPTIMIZATION PROCESS END******************************* 
232 ******************************************************************************** 
233 *The time step loop does not stop at this point because it is also used for 
234 *postprocessing. Nevertheless everything following on the next lines does not 
235 *have any influence on the optimization process! 
236  
237 *#################### R SECTION START (OUTPUT DEFINITIONS) ##################### 
238 ov_cost_glo(t,"marginal")                     = vm_cost_glo.m; 
239 ov_emissions_reg(t,i,ghg,"marginal")          = vm_emissions_reg.m(i,ghg); 
240 ov_emission_costs(t,i,"marginal")             = vm_emission_costs.m(i); 
241 ov_btm_cell(t,j,emis_cell,"marginal")         = vm_btm_cell.m(j,emis_cell); 
242 ov_btm_reg(t,i,emis_reg,"marginal")           = vm_btm_reg.m(i,emis_reg); 
243 ov_exp_emis_affore(t,j,emis_co2_forestry,"marginal") = vm_exp_emis_affore.m(j, 
244 emis_co2_forestry); 
245 ov_cost_reg(t,i,"marginal")                   = vm_cost_reg.m(i); 
246 ov_prod(t,j,k,"marginal")                     = vm_prod.m(j,k); 
247 ov_prod_reg(t,i,k,"marginal")                 = vm_prod_reg.m(i,k); 
248 ov_area(t,j,kcr,w,"marginal")                 = vm_area.m(j,kcr,w); 
249 ov_land(t,j,land,si,"marginal")               = vm_land.m(j,land,si); 
250 ov_yld(t,j,kcr,w,"marginal")                  = vm_yld.m(j,kcr,w); 
251 ov_tau(t,i,"marginal")                        = vm_tau.m(i); 
252 ov_tech_cost(t,i,"marginal")                  = vm_tech_cost.m(i); 
253 ov_cost_prod(t,i,k,"marginal")                = vm_cost_prod.m(i,k); 
254 ov_cost_transp(t,j,k,"marginal")              = vm_cost_transp.m(j,k); 
255 ov_cost_landcon(t,j,land,"marginal")          = vm_cost_landcon.m(j,land); 
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256 ov_supply(t,i,k,"marginal")                   = vm_supply.m(i,k); 
257 ov_dem_feed(t,i,kli,kbio,"marginal") = vm_dem_feed.m(i,kli,kbio); 
258 ov_dem_bioen(t,i,k,"marginal") = vm_dem_bioen.m(i,k); 
259 ov_watdem(t,wat_dem,j,"marginal")             = vm_watdem.m(wat_dem,j); 
260 ov_watavail(t,wat_src,j,"marginal")           = vm_watavail.m(wat_src,j); 
261 ov_AEI(t,j,"marginal")                        = vm_AEI.m(j); 
262 ov_cost_AEI(t,i,"marginal")                   = vm_cost_AEI.m(i); 
263 ov_maccs_costs(t,i,"marginal")                = vm_maccs_costs.m(i); 
264 ov_nr_inorg_fert_costs(t,i,"marginal")        = vm_nr_inorg_fert_costs.m(i); 
265 ov_nr_impact_costs(t,i,"marginal")            = vm_nr_impact_costs.m(i); 
266 ov_dem_res_substitutes(t,i,kli,kcr,"marginal") = vm_dem_res_substitutes.m(i,kli,kcr); 
267 ov_dem_convby_substitutes(t,i,kli,kcr,"marginal") = vm_dem_convby_substitutes.m 
268 (i,kli,kcr); 
269 ov_prod_res_ag_reg(t,i,kve,"marginal")        = vm_prod_res_ag_reg.m(i,kve); 
270 ov_prod_res_bg_reg(t,i,kve,"marginal") = vm_prod_res_bg_reg.m(i,kve); 
271 ov_res_supply(t,i,res_use,kve,"marginal") = vm_res_supply.m(i,res_use,kve); 
272 ov_res_use_feed(t,i,kli,attributes,"marginal") = vm_res_use_feed.m(i,kli,attributes); 
273 ov_convby_feed(t,i,kli,attributes,"marginal") = vm_convby_feed.m(i,kli,attributes); 
274 ov_cost_trade(t,i,"marginal") = vm_cost_trade.m(i); 
275 ov_carbon_stock(t,j,land,c_pools,"marginal") = vm_carbon_stock.m(j,land,c_pools); 
276 ov_cost_past(t,i,"marginal") = vm_cost_past.m(i); 
277 ov_prod_wood(t,j,ws,tp,"marginal") = vm_prod_wood.m(j,ws,tp); 
278 ov_cost_fore(t,i,ws,"marginal") = vm_cost_fore.m(i,ws); 
279 oq_cost_glo(t,"marginal") = q_cost_glo.m; 
280 oq_trade_glo(t,k,"marginal") = q_trade_glo.m(k); 
281 oq_trade_reg(t,i,k_notrade,"marginal") = q_trade_reg.m(i,k_notrade); 
282 oq_cost_reg(t,i,"marginal") = q_cost_reg.m(i); 
283 oq_yield(t,j,kcr,w,"marginal") = q_yield.m(j,kcr,w); 
284 oq_prod(t,j,kcr,"marginal") = q_prod.m(j,kcr); 
285 oq_cropland(t,j,"marginal") = q_cropland.m(j); 
286 oq_land(t,j,si,"marginal") = q_land.m(j,si); 
287 oq_supply(t,i,k,"marginal") = q_supply.m(i,k); 
288 oq_prod_reg(t,i,k,"marginal") = q_prod_reg.m(i,k); 
289 oq_rotation_max(t,j,crp,w,"marginal") = q_rotation_max.m(j,crp,w); 
290 oq_rotation_min(t,j,crp,w,"marginal") = q_rotation_min.m(j,crp,w); 
291 oq_water(t,j,"marginal") = q_water.m(j); 
292 oq_area_irrig(t,j,"marginal") = q_area_irrig.m(j); 
293 ov_cost_glo(t,"level") = vm_cost_glo.l; 
294 ov_emissions_reg(t,i,ghg,"level") = vm_emissions_reg.l(i,ghg); 
295 ov_emission_costs(t,i,"level") = vm_emission_costs.l(i); 
296 ov_btm_cell(t,j,emis_cell,"level") = vm_btm_cell.l(j,emis_cell); 
297 ov_btm_reg(t,i,emis_reg,"level") = vm_btm_reg.l(i,emis_reg); 
298 ov_exp_emis_affore(t,j,emis_co2_forestry,"level") = vm_exp_emis_affore.l 
299 (j,emis_co2_forestry); 
300 ov_cost_reg(t,i,"level") = vm_cost_reg.l(i); 
301 ov_prod(t,j,k,"level") = vm_prod.l(j,k); 
302 ov_prod_reg(t,i,k,"level") = vm_prod_reg.l(i,k); 
303 ov_area(t,j,kcr,w,"level") = vm_area.l(j,kcr,w); 
304 ov_land(t,j,land,si,"level")                  = vm_land.l(j,land,si); 
305 ov_yld(t,j,kcr,w,"level")                     = vm_yld.l(j,kcr,w); 
306 ov_tau(t,i,"level") = vm_tau.l(i); 
307 ov_tech_cost(t,i,"level") = vm_tech_cost.l(i); 
308 ov_cost_prod(t,i,k,"level")                   = vm_cost_prod.l(i,k); 
309 ov_cost_transp(t,j,k,"level")                 = vm_cost_transp.l(j,k); 
310 ov_cost_landcon(t,j,land,"level")             = vm_cost_landcon.l(j,land); 
311 ov_supply(t,i,k,"level")                      = vm_supply.l(i,k); 
312 ov_dem_feed(t,i,kli,kbio,"level") = vm_dem_feed.l(i,kli,kbio); 
313 ov_dem_bioen(t,i,k,"level")                   = vm_dem_bioen.l(i,k); 
314 ov_watdem(t,wat_dem,j,"level")                = vm_watdem.l(wat_dem,j); 
315 ov_watavail(t,wat_src,j,"level")              = vm_watavail.l(wat_src,j); 
316 ov_AEI(t,j,"level")                           = vm_AEI.l(j); 
317 ov_cost_AEI(t,i,"level")                      = vm_cost_AEI.l(i); 
318 ov_maccs_costs(t,i,"level")                   = vm_maccs_costs.l(i); 
319 ov_nr_inorg_fert_costs(t,i,"level")           = vm_nr_inorg_fert_costs.l(i); 
320 ov_nr_impact_costs(t,i,"level")               = vm_nr_impact_costs.l(i); 
321 ov_dem_res_substitutes(t,i,kli,kcr,"level") = vm_dem_res_substitutes.l(i,kli,kcr); 
322 ov_dem_convby_substitutes(t,i,kli,kcr,"level") = vm_dem_convby_substitutes.l 
323 (i,kli,kcr); 
324 ov_prod_res_ag_reg(t,i,kve,"level") = vm_prod_res_ag_reg.l(i,kve); 
325 ov_prod_res_bg_reg(t,i,kve,"level")           = vm_prod_res_bg_reg.l(i,kve); 
326 ov_res_supply(t,i,res_use,kve,"level")        = vm_res_supply.l(i,res_use,kve); 
327 ov_res_use_feed(t,i,kli,attributes,"level")   = vm_res_use_feed.l(i,kli,attributes); 
328 ov_convby_feed(t,i,kli,attributes,"level")    = vm_convby_feed.l(i,kli,attributes); 
329 ov_cost_trade(t,i,"level")                    = vm_cost_trade.l(i); 
330 ov_carbon_stock(t,j,land,c_pools,"level") = vm_carbon_stock.l(j,land,c_pools); 
331 ov_cost_past(t,i,"level") = vm_cost_past.l(i); 
332 ov_prod_wood(t,j,ws,tp,"level") = vm_prod_wood.l(j,ws,tp); 
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333 ov_cost_fore(t,i,ws,"level") = vm_cost_fore.l(i,ws); 
334 oq_cost_glo(t,"level") = q_cost_glo.l; 
335 oq_trade_glo(t,k,"level") = q_trade_glo.l(k); 
336 oq_trade_reg(t,i,k_notrade,"level") = q_trade_reg.l(i,k_notrade); 
337 oq_cost_reg(t,i,"level") = q_cost_reg.l(i); 
338 oq_yield(t,j,kcr,w,"level") = q_yield.l(j,kcr,w); 
339 oq_prod(t,j,kcr,"level") = q_prod.l(j,kcr); 
340 oq_cropland(t,j,"level") = q_cropland.l(j); 
341 oq_land(t,j,si,"level") = q_land.l(j,si); 
342 oq_supply(t,i,k,"level") = q_supply.l(i,k); 
343 oq_prod_reg(t,i,k,"level") = q_prod_reg.l(i,k); 
344 oq_rotation_max(t,j,crp,w,"level") = q_rotation_max.l(j,crp,w); 
345 oq_rotation_min(t,j,crp,w,"level") = q_rotation_min.l(j,crp,w); 
346 oq_water(t,j,"level") = q_water.l(j); 
347 oq_area_irrig(t,j,"level") = q_area_irrig.l(j); 
348 ov_cost_glo(t,"upper") = vm_cost_glo.up; 
349 ov_emissions_reg(t,i,ghg,"upper") = vm_emissions_reg.up(i,ghg); 
350 ov_emission_costs(t,i,"upper") = vm_emission_costs.up(i); 
351 ov_btm_cell(t,j,emis_cell,"upper") = vm_btm_cell.up(j,emis_cell); 
352 ov_btm_reg(t,i,emis_reg,"upper") = vm_btm_reg.up(i,emis_reg); 
353 ov_exp_emis_affore(t,j,emis_co2_forestry,"upper") = vm_exp_emis_affore.up(j, 
354 emis_co2_forestry); 
355 ov_cost_reg(t,i,"upper") = vm_cost_reg.up(i); 
356 ov_prod(t,j,k,"upper") = vm_prod.up(j,k); 
357 ov_prod_reg(t,i,k,"upper") = vm_prod_reg.up(i,k); 
358 ov_area(t,j,kcr,w,"upper") = vm_area.up(j,kcr,w); 
359 ov_land(t,j,land,si,"upper")                  = vm_land.up(j,land,si); 
360 ov_yld(t,j,kcr,w,"upper")                     = vm_yld.up(j,kcr,w); 
361 ov_tau(t,i,"upper") = vm_tau.up(i); 
362 ov_tech_cost(t,i,"upper") = vm_tech_cost.up(i); 
363 ov_cost_prod(t,i,k,"upper")                   = vm_cost_prod.up(i,k); 
364 ov_cost_transp(t,j,k,"upper")                 = vm_cost_transp.up(j,k); 
365 ov_cost_landcon(t,j,land,"upper")             = vm_cost_landcon.up(j,land); 
366 ov_supply(t,i,k,"upper")                      = vm_supply.up(i,k); 
367 ov_dem_feed(t,i,kli,kbio,"upper")             = vm_dem_feed.up(i,kli,kbio); 
368 ov_dem_bioen(t,i,k,"upper")                   = vm_dem_bioen.up(i,k); 
369 ov_watdem(t,wat_dem,j,"upper")                = vm_watdem.up(wat_dem,j); 
370 ov_watavail(t,wat_src,j,"upper")              = vm_watavail.up(wat_src,j); 
371 ov_AEI(t,j,"upper")                           = vm_AEI.up(j); 
372 ov_cost_AEI(t,i,"upper")                      = vm_cost_AEI.up(i); 
373 ov_maccs_costs(t,i,"upper")                   = vm_maccs_costs.up(i); 
374 ov_nr_inorg_fert_costs(t,i,"upper")           = vm_nr_inorg_fert_costs.up(i); 
375 ov_nr_impact_costs(t,i,"upper")               = vm_nr_impact_costs.up(i); 
376 ov_dem_res_substitutes(t,i,kli,kcr,"upper") = vm_dem_res_substitutes.up(i,kli,kcr); 
377 ov_dem_convby_substitutes(t,i,kli,kcr,"upper") = vm_dem_convby_substitutes.up 
378 (i,kli,kcr); 
379 ov_prod_res_ag_reg(t,i,kve,"upper") = vm_prod_res_ag_reg.up(i,kve); 
380 ov_prod_res_bg_reg(t,i,kve,"upper")           = vm_prod_res_bg_reg.up(i,kve); 
381 ov_res_supply(t,i,res_use,kve,"upper")        = vm_res_supply.up(i,res_use,kve); 
382 ov_res_use_feed(t,i,kli,attributes,"upper")   = vm_res_use_feed.up 
383 (i,kli,attributes); 
384 ov_convby_feed(t,i,kli,attributes,"upper")    = vm_convby_feed.up(i,kli,attributes); 
385 ov_cost_trade(t,i,"upper")                    = vm_cost_trade.up(i); 
386 ov_carbon_stock(t,j,land,c_pools,"upper") = vm_carbon_stock.up(j,land,c_pools); 
387 ov_cost_past(t,i,"upper") = vm_cost_past.up(i); 
388 ov_prod_wood(t,j,ws,tp,"upper") = vm_prod_wood.up(j,ws,tp); 
389 ov_cost_fore(t,i,ws,"upper") = vm_cost_fore.up(i,ws); 
390 oq_cost_glo(t,"upper") = q_cost_glo.up; 
391 oq_trade_glo(t,k,"upper") = q_trade_glo.up(k); 
392 oq_trade_reg(t,i,k_notrade,"upper") = q_trade_reg.up(i,k_notrade); 
393 oq_cost_reg(t,i,"upper") = q_cost_reg.up(i); 
394 oq_yield(t,j,kcr,w,"upper") = q_yield.up(j,kcr,w); 
395 oq_prod(t,j,kcr,"upper") = q_prod.up(j,kcr); 
396 oq_cropland(t,j,"upper") = q_cropland.up(j); 
397 oq_land(t,j,si,"upper")                       = q_land.up(j,si); 
398 oq_supply(t,i,k,"upper") = q_supply.up(i,k); 
399 oq_prod_reg(t,i,k,"upper") = q_prod_reg.up(i,k); 
400 oq_rotation_max(t,j,crp,w,"upper") = q_rotation_max.up(j,crp,w); 
401 oq_rotation_min(t,j,crp,w,"upper") = q_rotation_min.up(j,crp,w); 
402 oq_water(t,j,"upper") = q_water.up(j); 
403 oq_area_irrig(t,j,"upper") = q_area_irrig.up(j); 
404 ov_cost_glo(t,"lower") = vm_cost_glo.lo; 
405 ov_emissions_reg(t,i,ghg,"lower") = vm_emissions_reg.lo(i,ghg); 
406 ov_emission_costs(t,i,"lower") = vm_emission_costs.lo(i); 
407 ov_btm_cell(t,j,emis_cell,"lower") = vm_btm_cell.lo(j,emis_cell); 
408 ov_btm_reg(t,i,emis_reg,"lower") = vm_btm_reg.lo(i,emis_reg); 
409 ov_exp_emis_affore(t,j,emis_co2_forestry,"lower") = vm_exp_emis_affore.lo(j, 
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410 emis_co2_forestry); 
411 ov_cost_reg(t,i,"lower") = vm_cost_reg.lo(i); 
412 ov_prod(t,j,k,"lower") = vm_prod.lo(j,k); 
413 ov_prod_reg(t,i,k,"lower") = vm_prod_reg.lo(i,k); 
414 ov_area(t,j,kcr,w,"lower") = vm_area.lo(j,kcr,w); 
415 ov_land(t,j,land,si,"lower")                  = vm_land.lo(j,land,si); 
416 ov_yld(t,j,kcr,w,"lower")                     = vm_yld.lo(j,kcr,w); 
417 ov_tau(t,i,"lower")                           = vm_tau.lo(i); 
418 ov_tech_cost(t,i,"lower")                     = vm_tech_cost.lo(i); 
419 ov_cost_prod(t,i,k,"lower")                   = vm_cost_prod.lo(i,k); 
420 ov_cost_transp(t,j,k,"lower")                 = vm_cost_transp.lo(j,k); 
421 ov_cost_landcon(t,j,land,"lower")             = vm_cost_landcon.lo(j,land); 
422 ov_supply(t,i,k,"lower")                      = vm_supply.lo(i,k); 
423 ov_dem_feed(t,i,kli,kbio,"lower") = vm_dem_feed.lo(i,kli,kbio); 
424 ov_dem_bioen(t,i,k,"lower")                   = vm_dem_bioen.lo(i,k); 
425 ov_watdem(t,wat_dem,j,"lower")                = vm_watdem.lo(wat_dem,j); 
426 ov_watavail(t,wat_src,j,"lower")              = vm_watavail.lo(wat_src,j); 
427 ov_AEI(t,j,"lower") = vm_AEI.lo(j); 
428 ov_cost_AEI(t,i,"lower")                      = vm_cost_AEI.lo(i); 
429 ov_maccs_costs(t,i,"lower")                   = vm_maccs_costs.lo(i); 
430 ov_nr_inorg_fert_costs(t,i,"lower")           = vm_nr_inorg_fert_costs.lo(i); 
431 ov_nr_impact_costs(t,i,"lower")               = vm_nr_impact_costs.lo(i); 
432 ov_dem_res_substitutes(t,i,kli,kcr,"lower") = vm_dem_res_substitutes.lo(i,kli,kcr); 
433 ov_dem_convby_substitutes(t,i,kli,kcr,"lower") = vm_dem_convby_substitutes.lo (i,kli,kcr); 
434 ov_prod_res_ag_reg(t,i,kve,"lower") = vm_prod_res_ag_reg.lo(i,kve); 
435 ov_prod_res_bg_reg(t,i,kve,"lower")           = vm_prod_res_bg_reg.lo(i,kve); 
436 ov_res_supply(t,i,res_use,kve,"lower")        = vm_res_supply.lo(i,res_use,kve); 
437 ov_res_use_feed(t,i,kli,attributes,"lower")   = vm_res_use_feed.lo (i,kli,attributes); 
438 ov_convby_feed(t,i,kli,attributes,"lower")    = vm_convby_feed.lo(i,kli,attributes); 
439 ov_cost_trade(t,i,"lower")                    = vm_cost_trade.lo(i); 
440 ov_carbon_stock(t,j,land,c_pools,"lower")     = vm_carbon_stock.lo(j,land,c_pools); 
441 ov_cost_past(t,i,"lower")                     = vm_cost_past.lo(i); 
442 ov_prod_wood(t,j,ws,tp,"lower")               = vm_prod_wood.lo(j,ws,tp); 
443 ov_cost_fore(t,i,ws,"lower")                  = vm_cost_fore.lo(i,ws); 
444 oq_cost_glo(t,"lower")                        = q_cost_glo.lo; 
445 oq_trade_glo(t,k,"lower")                     = q_trade_glo.lo(k); 
446 oq_trade_reg(t,i,k_notrade,"lower")           = q_trade_reg.lo(i,k_notrade); 
447 oq_cost_reg(t,i,"lower") = q_cost_reg.lo(i); 
448 oq_yield(t,j,kcr,w,"lower") = q_yield.lo(j,kcr,w); 
449 oq_prod(t,j,kcr,"lower") = q_prod.lo(j,kcr); 
450 oq_cropland(t,j,"lower") = q_cropland.lo(j); 
451 oq_land(t,j,si,"lower") = q_land.lo(j,si); 
452 oq_supply(t,i,k,"lower") = q_supply.lo(i,k); 
453 oq_prod_reg(t,i,k,"lower") = q_prod_reg.lo(i,k); 
454 oq_rotation_max(t,j,crp,w,"lower") = q_rotation_max.lo(j,crp,w); 
455 oq_rotation_min(t,j,crp,w,"lower") = q_rotation_min.lo(j,crp,w); 
456 oq_water(t,j,"lower") = q_water.lo(j); 
457 oq_area_irrig(t,j,"lower") = q_area_irrig.lo(j); 
458 *##################### R SECTION END (OUTPUT DEFINITIONS) ###################### 
459  
460 **********************WRITE ALL DATA IN 1 GDX FILE****************************** 
461 Execute_Unload "fulldata.gdx"; 
462  
463 ); 
464 ******************************************************************************** 
465 ****************************TIMESTEP LOOP END*********************************** 
466  
467 ****************************POSTPROCESSING END********************************** 
468 ******************************************************************************** 
469  
470 *** EOF calculations.gms *** 
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Sets: 

1 * Here you can define module-specific sets 
2  
3 sets 
4  
5 wbe(kcr)           vegetal production activities without bioenegry crops 
6                    /tece,maiz,trce,rice_pro,soybean,rapeseed,groundnut,sunflower,Oilpalm, 
7 puls_pro,potato,cassav_sp,sugr_cane,sugr_beet,others,foddr,cottn_pro/ 
8  
9 ***EMISSIONS*** 
10  
11 n_flows nitrogen flows 
12                    / n_i_res_ag, n_i_res_bg, n_i_fix, n_i_man_c, n_i_man_p, n_i_dep, 
13 n_i_fert,n_i_som, n_losses, n_w_harv, n_w_res_ag, n_w_res_bg / 
14 n_with(n_flows)    nitrogen withdrawals 
15 / n_w_harv, n_w_res_ag, n_w_res_bg/ 
16 n_inp_exfp(n_flows) nitrogen inputs excluding industrial fertilizer and n on pastureland 
17                    / n_i_res_ag, n_i_res_bg, n_i_fix, n_i_man_c, n_i_dep/ 
18 emis_way emission categories 
19 /direct,leach,volat/ 
20 emis_uncertainty   different estimates for emission parameters 
21 /best,low, high/ 
22 npk(attributes) plant nutrients 
23 /nr,p,k/ 
24 fixation Fixation of Nr 
25                    / i_fix_production, i_fix_area/ 
26 awms animal waste management systems 
27                    / grazing_pasture, grazing_cropland, fuel, confinement / 
28 awms_prp(awms)     animal waste management systems pasture range and paddock 
29 / grazing_pasture, grazing_cropland / 
30 awms_conf          animal waste management systems in confinements 
31                    / lagoon, liquid, solid, drylot, daily_spread, digest, other, pit_shrt, 
32 pit_long,chick/ 
33 lvst detailed livestock categories 
34                    / asses, meat_buffalo, dairy_buffalo, dairy_camel, meat_camel,  
35 dairy_ctl, meat_ctl, lay_chick, meat_chick, dairy_goat, meat_goat,  
36 horse, mule, pig, dairy_sheep, meat_sheep/ 
37 ipcc_ef ipcc emission factors 
38                    / frac_gasf,frac_gasm,frac_leach,frac_leach_h,ef_1,ef_1fr,ef_2,ef_4, 
39 ef_5/ 
40  
41 $ontext 
42  
43 flows material flows 
44 / 
45 *** Field*** 
46 soil , 
47 crop , 
48 harvest , 
49 residues , 
50 bgresidue , 
51 loss , 
52 soilinputs , 
53 soilwithdrawals , 
54  
55 *** Pasture*** 
56 pasturesoil , 
57 pastureharvest , 
58 pastureloss , 
59  
60 *** Food use*** 
61 food , 
62 material , 
63 convby , 
64 feed , 
65  
66 *** Consumption 
67 intake , 
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68 hhwaste , 
69  
70 *** Livestock 
71 slaughter , 
72                     manure , 
73  
74 food_to_noneatenfood , 
75 food_to_intake , 
76 noneatenfood_to_waste , 
77 noneatenfood_to_feed , 
78 livestock_to_slaughter , 
79 slaughter_to_livstproduct, 
80 slaughter_to_waste , 
81 livstproduct , 
82 livstproduct_to_fooduse , 
83 livstproduct_to_material , 
84 livstproduct_to_feed , 
85 livstproduct_to_seed , 
86 livestock_to_manure , 
87 manure_to_pasture , 
88 manure_to_soil , 
89 manure_to_conf , 
90 manure_to_fuel , 
91 conf_to_soil , 
92 conf_to_pasture , 
93 conf_to_loss , 
94 conf_to_directn2o , 
95 conf_to_gas , 
96 feed_to_livestock , 
97 pasture_to_feed , 
98 pasture_to_loss , 
99 pasture_to_directn2o , 
100 pasture_to_gas , 
101 pasture_to_leach , 
102 harvest_to_feed , 
103 harvest_to_material , 
104 harvest_to_bioenergy , 
105 harvest_to_fooduse , 
106 harvest_to_seed , 
107 fooduse_to_food , 
108 fooduse_to_convby , 
109 harvest_to_convby_feedsubst , 
110 harvest_to_residue_feedsubst , 
111 processing_to_convby , 
112 residues_to_feed , 
113 residues_to_soil , 
114 residues_to_bioenergy , 
115 residues_to_resburn , 
116 residues_to_other , 
117 convby_to_feed , 
118 convby_to_waste , 
119 convby_to_other , 
120 crop_to_harvest , 
121 crop_to_residue , 
122 crop_to_bgresidue , 
123 soil_to_crop , 
124 soil_to_loss , 
125 soil_to_directn2o , 
126 soil_to_gas , 
127 soil_to_leach , 
128 bgresidue_to_soil , 
129 resburn_to_soil , 
130 resburn_to_loss , 
131 fert_to_soil , 
132 fert_to_pasture , 
133 seed_to_crop , 
134 fix_to_crop , 
135 fix_to_harvest , 
136 fix_to_residue , 
137 fix_to_bgresidue , 
138 fixarea_to_pasture , 
139 fixarea_to_soil , 
140 dep_to_soil , 
141 dep_to_pasture , 
142 loss_to_dep , 
143 som_to_soil , 
144 trade_crops , 
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145 trade_convby , 
146 trade_livst , 
147 gas_to_n2o , 
148 leach_to_n2o 
149 / 
150  
151 $offtext 
152  
153 * natveg_c_pools(c_pools) natural vegetation carbon pools 
154 * /natvegc,soilc,litc/ 
155 * crop_c_pools(c_pools) crop carbon pools 
156 * /crop_c,crop_soil_c/ 
157  
158 ***RELATIONSHIPS BETWEEN DIFFERENT SETS*** 
159  
160 n2o_to_n(emis_n2o,n_flows) 
161 / resid_n2o .(n_i_res_ag, n_i_res_bg) 
162 man_crop_n2o .(n_i_man_c) 
163 man_past_n2o .(n_i_man_p) 
164 inorg_fert_n2o.(n_i_fert) 
165 som_n2o .(n_i_som) / 
166  
167 lvst_to_kli(kli, lvst) 
168 / livst_rum .(meat_buffalo, meat_ctl, meat_goat, meat_sheep) 
169 livst_pig .(asses, meat_camel, horse, mule, pig) 
170 livst_chick .(meat_chick) 
171 livst_egg .(lay_chick) 
172 livst_milk  .(dairy_buffalo, dairy_camel, dairy_ctl, dairy_goat,dairy_sheep)/ 
173  
174 ; 

Declarations: 

1 Scalars 
2  
3 ic54_years time between previous and current time step (years) 
4 sc54_t current timestep 
5  
6 *********Parameter für Transport zwischen Bodenphosphorpools******* 
7  
8 s54_adsorption_share adsoption of p to stable soil pool / 0.2 / 
9 s54_desorption_share activation of p from stable soil pool / 0.2 / 
10  
11 *********Parameter für Aufteilung von P-Input auf Bodenphosphorpools********* 
12  
13 s54_inputs_to_labile_shr share of p inputs that go into labile pool /0.2/ 
14  
15 ; 
16  
17 parameters 
18  
19 *********Bodenphosphorpools*********** 
20  
21 p54_labile_p_pre(i)labile soil phosphorus pool presolve 
22 *p54_stable_p_pre(t,i) stable soil phosphorus pool presolve 
23 p54_stable_p(t,i) stable soil phosphorus pool actual 
24 p54_labile_p(t,i) labile soil phosphorus pool actual 
25  
26 *********P Flows*********** 
27  
28 *M54_Pmin_from Rock             Phosphorus mineralization from Rock to stablepool 
29 *L54_Pleach_to_water Phosphorus leaching to groundwater 
30  
31 ********* N Flows********* 
32  
33 i54_only_nr(attributes) array to select only nr (1 0) 
34 i54_attributes_products_isabelle(i,dm_ge_nr,k) attributes of final products (attributes) 
35 i54_n_eff(t,i) selected scenario values for nr 
36 efficiency (1) 
37  
38 ********* Livestock systems****** 
39  
40 i54_n_content_kli(kli) nitrogen content of animal products (used 
41                                for feed ask isabelle) (1) 
42 i54_heads_per_kli(t,i,kli,lvst)                  animal heads per livestock unit (heads 
43                                                  per ton) 
44 i54_nex(t,i,lvst) nitrogen excretion per livestock type 



  131

45                                                 (ton per head) 
46 i54_heads_per_kli_1995(i,kli,lvst)animal heads per livestock unit in 1995 
47                                                 (heads per ton) 
48 i54_nex_1995(i,lvst) nitrogen excretion per livestock type in 
49                                                  1995(ton per head) 
50 i54_recycl_conf(t,i,npk,kli) share of nutrients in confinement 
51                                                  returned to field (1) 
52 ic54_recycl_conf(i,npk,kli)                      timesteps share of nutrients in 
53 confinement returned to field (1) 
54 i54_nutrients_frac_gas_ms(npk,lvst,awms_conf)    share of nutrients lost as effect of 
55 volatilisation (1) 
56 i54_animal_shr_awms(t,i,kli,awms)                share of animals managed under a specific 
57 awms (1) 
58 ic54_animal_shr_awms(i,kli,awms)                 timesteps share of animals managed under 
59 a specific awms (1) 
60 i54_manure_fuel_shr(t,i,kli)                     share of manure on pasture collected for 
61 household fuel (1) 
62 ic54_manure_fuel_shr(i,kli)                      timesteps share of manure on pasture 
63 collected for household fuel (1) 
64 i54_conf_to_cropl_shr(t,i)                       share of manure-N in confinements applied 
65 to croplands (1) 
66 i54_feedres_to_cropl_shr(t,i)                    Share of cropland residues used as feed 
67 eaten on croplands (as opposed to eaten 
68 in confinement)(1) 
69 ic54_feedres_to_cropl_shr(i)                     Share of cropland residues used as feed 
70 eaten on croplands (as opposed to eaten 
71 in confinement)(1) 
72 ic54_conf_to_cropl_shr(i)                        share of manure-N in confinements applied 
73 to croplands (1) 
74 i54_ipcc_ms_awms_conf_scenario(t_all,i,lvst,awms_conf)  fraction of livestock type managed 
75 under which waste management system 
76 i54_manure_conf_distribution(t,i,kli,awms_conf)  share of confined manure distributed to 
77 different awms_conf (1)) 
78 i54_ipcc_ms_awms(t,i,lvst,awms)                  fraction of livestock type managed under 
79 which feeding system (1) 
80 i54_conf_direct_emis(t,i,kli)                    share of direct emissions in the form of 
81 N2O-N (1) 
82 ic54_conf_direct_emis(i,kli)                     share of direct emissions in the form of 
83 N2O-N (1) 
84 i54_conf_loss_gas(t,i,npk,kli)                   share of nutrients volatilized per kli(1) 
85 ic54_conf_loss_gas(i,npk,kli)                    share of nutrients volatilized per kli(1) 
86  
87 $ontext 
88 o54_flows_reg(t,i,attributes,flows,k)            mass flows (attributes) 
89 o54_flows_cell(t,j,attributes,flows)             cellular disaggregated mass flows 
90 (attributes) 
91 $offtext 
92  
93 ; 
94  
95 variables 
96  
97 * should be positive, but may lead to unwanted errors due to pasture 
98  
99 v54_nutrient_manure(i, kli, awms) calculation of manure excreted in awms 
100 without pasture (Tg nutrient) 
101 ; 
102  
103 positive variables 
104  
105 ********** nutrient balances********* 
106  
107 v54_inorg_fert_reg(i,npk)                        inorganic fertilizer application (Tg 
108 Nutrients) 
109  
110 ; 
111  
112 equations 
113  
114 ********** Phosphorus balances********* 
115  
116 q54_phosphorus_bal_crp(i) cropland phosphorus inputs have toequal  
117                                                  withdrawals and losses 
118 q54_phosphorus_bal_manure_confinement(i,kli) phosphorus balance for manure in 
119                                                  confinement 
120 q54_phosphorus_bal_manure_grazing_pasture(i,kli) phosphorus balance for manure ofgrazing  
121                                                  animals on pastures 
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122 q54_phosphorus_bal_manure_grazing_cropland(i,kli) phosphorus balance for manure of  
123                                                  grazing animals on cropland 
124 q54_phosphorus_bal_manure_fuel(i,kli)            phosphorus balance for manure ofgrazing  
125                                                  animals on pasture whose excreate are 
126                                                  collected for household fuel 
127 * q54_cost_fert(i) inorganic fertilizer costs (fortaxation) 
128  
129 ; 
130  
131 ******* EOF declarations.gms ****** 
132  
133 *#################### R SECTION START (OUTPUT DECLARATIONS) #################### 
134  
135 parameters 
136  
137 ov54_nutrient_manure(t,i,kli,awms,type)          calculation of manure excreted inawms  
138                                                  without pasture (Tg nutrient) 
139 ov54_inorg_fert_reg(t,i,npk,type)                inorganic fertilizer application(Tg  
140                                                  Nutrients) 
141 oq54_phosphorus_bal_crp(t,i,type)                cropland phosphorus inputs haveto equal  
142                                                  withdrawals and losses 
143 oq54_phosphorus_bal_manure_confinement(t,i,kli,type) phosphorus balance for manure in 
144                                                  confinement 
145 oq54_phosphorus_bal_manure_grazing_pasture(t,i,kli,type) phosphorus balance for manure of 
146                                                  grazing animals on pastures 
147 oq54_phosphorus_bal_manure_grazing_cropland(t,i,kli,type) phosphorus balance for manure  
148                                                  of grazing animals on cropland 
149 oq54_phosphorus_bal_manure_fuel(t,i,kli,type)    phosphorus balance for manure of grazing 
150                                                  animals on pasture whose excreate are  
151                                                  collected for household fuel 
152 ; 
153 *##################### R SECTION END (OUTPUT DECLARATIONS) ##################### 

Input: 

1 * Here you can load additional inputs from external files* 
2  
3 **** GENERAL PARAMETERS**** 
4  
5 parameter f54_slaughter_factor(kli) ratio of DM in product to DM in slaughtered weight 
6 / 
7 $ondelim 
8 $include "./modules/54_phosphorus/normal_developer/input/slaughter_factor.csv" 
9 $offdelim 
10 / 
11 ; 
12  
13 parameter f54_intake_shr_dm(i) DM-Share of Food intake of available food from  
14 Wirsenius (1) 
15 / 
16 $ondelim 
17 $include "./modules/54_phosphorus/normal_developer/input/intake_shr_dm.csv" 
18 $offdelim 
19 / 
20 ; 
21  
22 table f54_attributes_living_animals(attributes,kli) attributes of living animals 
23 (attributes per ton DM) 
24 $ondelim 
25 $include "./modules/54_phosphorus/normal_developer/input/nutrients/ 
26 attributes_living_animals.csv" 
27 $offdelim ; 
28  
29 table f54_attributes_livstproducts(attributes,kli)      attributes of livestocj products 
30 (attributes per ton DM) 
31 $ondelim 
32 $include "./modules/54_phosphorus/normal_developer/input/nutrients/ 
33 attributes_livstproducts.csv" 
34 30 $offdelim ; 
35  
36  
37 *** LIVESTOCK SYSTEMS *** 
38  
39 parameter f54_feedres_to_cropl_shr(i)    Share of cropland residues used as feed eaten on 
40                                          croplands (as opposed to eaten in confinement)(1) 
41 / 
42 $ondelim 
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43 $include "./modules/54_phosphorus/normal_developer/input/feedres_to_cropl_shr.csv" 
44 $offdelim 
45 / 
46 ; 
47  
48 table f54_heads_lvst_1995(i,lvst) heads of livestock population for 1995 in 1000 animals 
49 $ondelim 
50 $include "./modules/54_phosphorus/normal_developer/input/heads_lvst_fao_1995.csv" 
51 $offdelim ; 
52  
53 table f54_ipcc_tam(i,lvst) total animal mass of livestock type in kg per animal 
54 $ondelim 
55 $include "./modules/54_phosphorus/normal_developer/input/ch10_tam.csv" 
56 $offdelim ; 
57  
58 table f54_ipcc_ms_awms(i,lvst,awms)      fraction of livestock type managed under which 
59 feedingsystem 
60 $ondelim 
61 $include "./modules/54_phosphorus/normal_developer/input/ch10_ms_awms.csv" 
62 $offdelim ; 
63  
64 table f54_ipcc_ms_awms_conf_scenario_a1(t_all,i,lvst,awms_conf) fraction of livestock type 
65                                          managed under which waste management system 
66 $ondelim 
67 $include "./modules/54_phosphorus/normal_developer/input/scenarios/ 
68             ch10_ms_awms_conf_scenario_a1.csv" 
69 $offdelim ; 
70  
71 table f54_ipcc_ms_awms_conf_scenario_a2(t_all,i,lvst,awms_conf) fraction of livestock type 
72                                          managed under which waste management system 
73 $ondelim 
74 $include "./modules/54_phosphorus/normal_developer/input/scenarios/ 
75             ch10_ms_awms_conf_scenario_a2.csv" 
76 $offdelim ; 
77  
78 table f54_ipcc_ms_awms_conf_scenario_b1(t_all,i,lvst,awms_conf) fraction of livestock type 
79                                          managed under which waste management system 
80 $ondelim 
81 $include "./modules/54_phosphorus/normal_developer/input/scenarios/ 
82 ch10_ms_awms_conf_scenario_b1.csv" 
83 $offdelim ; 
84  
85 table f54_ipcc_ms_awms_conf_scenario_b2(t_all,i,lvst,awms_conf) fraction of livestock type 
86                                          managed under which waste management system 
87 $ondelim 
88 $include "./modules/54_phosphorus/normal_developer/input/scenarios/ 
89 ch10_ms_awms_conf_scenario_b2.csv" 
90 $offdelim ; 
91  
92 *** NUTRIENTS *** 
93  
94 table f54_inorg_fert_reg_1995(i,npk)     input of inorganic industrial fertilizer in 1995 
95 (MtNutrient) 
96 $ondelim 
97 $include "./modules/54_phosphorus/normal_developer/input/nutrients/ 
98 inorg_fert_reg_1995.csv" 
99 $offdelim ; 
100  
101 table f54_inorg_fert_costs_1995(i,npk)   input of inorganic industrial fertilizer in 1995 
102 (Mt Nutrient) 
103 $ondelim 
104 $include "./modules/54_phosphorus/normal_developer/input/nutrients/inorg_fert_costs.csv" 
105 $offdelim ; 
106  
107 parameter f54_res_combust_eff(kve)       Combustion efficiency of residue burning (1) 
108 / 
109 $ondelim 
110 $include "./modules/54_phosphorus/normal_developer/input/res_combust_eff.csv" 
111 $offdelim 
112 / ; 
113 table f54_ipcc_n_rate(i,lvst)            rate of Nr excretion in kg N per t weight per day 
114 $ondelim 
115 $include "./modules/54_phosphorus/normal_developer/input/nutrients/ch10_n_rate.csv" 
116 $offdelim ; 
117  
118 table f54_ipcc_frac_loss_ms(lvst,awms_conf) fraction of manure managed which is lost and 
119 not recycled to agricultural soils 
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120 $ondelim 
121 $include "./modules/54_phosphorus/normal_developer/input/ch10_Frac_LossMS.csv" 
122 $offdelim ; 
123  
124 table f54_ipcc_frac_gas_ms(lvst,awms_conf) fraction of nitrogen in awms lost to the 
125                                          environment in the form of NOx and NHx 
126 $ondelim 
127 $include "./modules/54_phosphorus/normal_developer/input/ch10_Frac_GasMS.csv" 
128 $offdelim ; 
129  
130 parameter f54_conf_to_cropl_shr(i)       share of manure-N in confinements applied to  
131 croplands(1) 
132 / 
133 $ondelim 
134 $include "./modules/54_phosphorus/normal_developer/input/conf_to_cropl_shr.csv" 
135 $offdelim 
136 /; 
137  
138 ******* Input Initial labil P Contents ********** 
139  
140 parameter f54_labile_p_1995(i)           Initial P-Contents in lablile soil pool(1) 
141  
142 / 
143 $ondelim 
144 $include "./modules/54_phosphorus/normal_developer/input/labile_p_1995.csv" 
145 $offdelim 
146 / 
147 ; 
148  
149 parameter f54_stable_p_1995(i)           Initial P-Contents in lablile soil pool(1) 
150  
151 / 
152 $ondelim 
153 $include "./modules/54_phosphorus/normal_developer/input/stable_p_1995.csv" 
154 $offdelim 
155 / 
156 ; 
157  
158 *** ATTRIBUTES *** 
159  
160 table f54_human_protein_content(i,k) Calculated protein content (ton protein per ton  
161 DM)[FAO - FBS] 
162 $ondelim 
163 $include "./modules/54_phosphorus/normal_developer/input/nutrients/ 
164 human_protein_content.csv" 
165 $offdelim ; 
166  
167 parameter f54_protein_content(k) Protein content (ton protein per ton DM) 
168  
169 / 
170 $ondelim 
171 $include "./modules/54_phosphorus/normal_developer/input/nutrients/protein_content.csv" 
172 $offdelim 
173 / 
174 ; 
175  
176 parameter f54_protein_N_ratio(k) t       Proteins per t nitrogen (N:P ratio) 
177 / 
178 $ondelim 
179 $include "./modules/54_phosphorus/normal_developer/input/nutrients/protein_n_ratio.csv" 
180 $offdelim 
181 / 
182 ; 
183  
184 parameter f54_n_eff_scenario_a1(t_all,i) Nutrient efficiency scenarios. please choose file 
185 for scenario 
186 / 
187 $ondelim 
188 $include "./modules/54_phosphorus/normal_developer/input/scenarios/n_eff_a1.csv" 
189 $offdelim 
190 /; 
191  
192 parameter f54_n_eff_scenario_a2(t_all,i) Nutrient efficiency scenarios. please choose file 
193 for scenario 
194 / 
195 $ondelim 
196 $include "./modules/54_phosphorus/normal_developer/input/scenarios/n_eff_a2.csv" 
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197 $offdelim 
198 /; 
199  
200 parameter f54_n_eff_scenario_b1(t_all,i) Nutrient efficiency scenarios. please choose file 
201 for scenario 
202 / 
203 $ondelim 
204 $include "./modules/54_phosphorus/normal_developer/input/scenarios/n_eff_b1.csv" 
205 $offdelim 
206 /; 
207  
208 parameter f54_n_eff_scenario_b2(t_all,i) Nutrient efficiency scenarios. please choose file 
209 for scenario 
210 / 
211 $ondelim 
212 $include "./modules/54_phosphorus/normal_developer/input/scenarios/n_eff_b2.csv" 
213 $offdelim 
214 /; 
215  
216 parameter f54_n_eff_scenario_boundary(t_all,i) Nutrient efficiency scenarios. please 
217 choose file for scenario 
218 / 
219 $ondelim 
220 $include "./modules/54_phosphorus/normal_developer/input/scenarios/ 
221 n_eff_planetary_boundary.csv" 
222 $offdelim 
223 / 
224 ; 

Equations: 

1 ***** OBJECTIVE FUNCTION*********** 
2 $ontext 
3 q54_cost_fert(i) .. 
4 vm_inorg_fert_costs(i) 
5 =e= 
6 sum("p",v54_inorg_fert_reg(i,"p") 
7 *                  * f54_inorg_fert_costs_1995(i,"p")) 
8 )* 1 
9 ; 
10 * almost free inorganic fertilizer, to avoid distortions in the initial timestep. 
11 * current prices are much higher, with about 640$ 
12 * work on this is needed in the future! 
13  
14 $offtext 
15  
16 *******P-Balances Croplands******** 
17  
18    q54_phosphorus_bal_crp(i) .. 
19 s54_inputs_to_labile_shr* 
20 ( 
21 sum(kcr,vm_res_supply(i,"recycle",kcr)* 
22 fm_attributes_residue_ag("p",kcr)) 
23 + sum(kcr, vm_res_supply(i,"burn",kcr)* 
24                          fm_attributes_residue_ag("p",kcr)) 
25 + sum(kli, v54_nutrient_manure(i, kli, "grazing_cropland")) 
26 + sum(kli, v54_nutrient_manure(i, kli, "confinement")* 
27 ic54_recycl_conf(i,kli)*ic54_conf_to_cropl_shr(i)) 
28 + v54_p_fert_reg(i) 
29 *                  + pc54_nr_som_usable(i) * i54_only_nr("p") 
30 *                  + v54_n_dep_crop(i) * i54_only_nr("p") 
31 ) 
32 + v54_p_pool_pre(i) / s54_pool_release_time 
33 =e= 
34 sum(kcr, 
35 vm_prod_reg(i,kcr)* im_attributes_harvest("p",kcr) 
36 + vm_prod_res_ag_reg(i,kcr)*fm_attributes_residue_ag("p",kcr) 
37 - vm_prod_reg(i,kcr) * fm_seed_shr(i,kcr) * im_attributes_harvest  
38 ("p",kcr) 
39 ) 
40 ; 
41  
42 q54_phosphorus_bal_manure_grazing_pasture(i,kli) .. 
43            v54_nutrient_manure(i, kli, "grazing_pasture") 
44 =e= 
45 (vm_dem_feed(i,kli,"pasture")+ vm_dem_feed(i,kli,"scavenging")) 
46             * im_attributes_harvest("p","pasture") 
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47             *(1-ic54_manure_fuel_shr(i,kli)) 
48 - vm_prod_reg(i,kli) 
49             * ic54_animal_shr_awms(i,kli,"grazing_pasture") 
50 *f54_slaughter_factor(kli) 
51             *f54_attributes_living_animals("p",kli) 
52 ; 
53  
54 q54_phosphorus_bal_manure_fuel(i,kli) .. 
55 v54_nutrient_manure(i, kli, "fuel") 
56 =e= 
57 (vm_dem_feed(i,kli,"pasture")+vm_dem_feed(i,kli,"scavenging")) 
58              *im_attributes_harvest("p","pasture") 
59              *ic54_manure_fuel_shr(i,kli) 
60 - vm_prod_reg(i,kli)  
61              *ic54_animal_shr_awms(i,kli,"fuel") 
62 *f54_slaughter_factor(kli) 
63              *f54_attributes_living_animals("p",kli) 
64 ; 
65  
66 q54_phosphorus_bal_manure_grazing_cropland(i,kli) .. 
67 v54_nutrient_manure(i, kli, "grazing_cropland") 
68 =e= 
69 vm_res_use_feed(i,kli,"p")  
70 * ic54_feedres_to_cropl_shr(i) 
71 **        for simplification, nr in animal products is only subtracted in confinement 
72 ** - v_prod_reg(i,kli)  
73 **        * ic_animal_shr_awms(i,kli,"grazing_cropland") 
74 **        *f_slaughter_factor(kli) 
75 **        *f_attributes_living_animals("p",kli) 
76 ; 
77  
78 q54_phosphorus_bal_manure_confinement(i,kli) .. 
79 v54_nutrient_manure(i, kli, "confinement") 
80 =e= 
81 sum(kcr,vm_dem_feed(i,kli,kcr)  
82 * im_attributes_harvest("p",kcr)) 
83 *        +sum(kli2, vm_dem_feed(i,kli,kli2) 
84 *                  * i54_n_content_kli(kli2)) 
85 + vm_convby_feed(i, kli, "p") 
86 + vm_res_use_feed(i,kli,"p")  
87                    * (1-ic54_feedres_to_cropl_shr(i)) 
88 - vm_prod_reg(i,kli) * (ic54_animal_shr_awms(i,kli,"confinement") 
89                                  +ic54_animal_shr_awms(i,kli,"grazing_cropland")) 
90 * f54_slaughter_factor(kli) 
91                               * f54_attributes_living_animals("p",kli) 
92 ; 
93  
94 *** EOF constraints.gms *** 
 

Preloop: 

1 ***** NUTRIENTS PREPROCESSING ***** 
2  
3 *nutrients of final products 
4 i54_attributes_products_isabelle(i,"dm",k)  =  1/fm_prod_cal(i,k); 
5 i54_attributes_products_isabelle(i,"nr",k)  =  (f54_human_protein_content(i,k) 
6                                                 /f54_protein_N_ratio(k))/fm_prod_cal(i,k); 
7 i54_attributes_products_isabelle(i,"ge",k)  =  fm_human_ME_content(i,k)/fm_prod_cal(i,k); 
8  
9 * Calculate initial feeding parameters in 1995 
10  
11 i54_heads_per_kli_1995(i,lvst_to_kli(kli,lvst)) = (f54_heads_lvst_1995(i,lvst)/1000) 
12 /fm_prod_kli_1995(i,kli); 
13  
14 * aggregation from lvst to kli 
15  
16 *i54_nex_mms(i,kli,awms)   =   sum(lvst_to_kli(kli,lvst), 
17 *                                   i54_heads_per_kli(i,lvst_to_kli)*f54_ipcc_tam(i,lvst)* 
18 *                                   f54_ipcc_N_rate(i,lvst)*365*10**(-6)* 
19 *                                    f54_ipcc_ms_awms(i, lvst, awms)); 
20  
21 i54_nex_1995(i,lvst)      =    (f54_heads_lvst_1995(i,lvst)/1000)*f54_ipcc_tam(i,lvst) 
22                                 *f54_ipcc_N_rate(i,lvst)*365*10**(-6); 
23  
24  
25 * Nitrogen efficiency scenario selection 
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26 * Management system for confined manure scenario selection 
27  
28 if ((sm_n_eff=1) , 
29   i54_n_eff(t,i)=f54_n_eff_scenario_a1(t,i); 
30   i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) = f54_ipcc_ms_awms_conf_scenario_a1 
31                                                        (t,i,lvst,awms_conf); 
32 Elseif (sm_n_eff=2), 
33   i54_n_eff(t,i)=f54_n_eff_scenario_a2(t,i); 
34   i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) = f54_ipcc_ms_awms_conf_scenario_a2 
35                                                        (t,i,lvst,awms_conf); 
36 Elseif (sm_n_eff=3), 
37   i54_n_eff(t,i)=f54_n_eff_scenario_b1(t,i); 
38   i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) = f54_ipcc_ms_awms_conf_scenario_b1 
39                                                        (t,i,lvst,awms_conf); 
40 Elseif (sm_n_eff=4), 
41   i54_n_eff(t,i)=f54_n_eff_scenario_b2(t,i); 
42   i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) = f54_ipcc_ms_awms_conf_scenario_b2 
43                                                        (t,i,lvst,awms_conf); 
44 Elseif (sm_n_eff=5), 
45   i54_n_eff(t,i)=f54_n_eff_scenario_boundary(t,i); 
46   i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) = f54_ipcc_ms_awms_conf_scenario_a1 
47                                                        (t,i,lvst,awms_conf); 
48 ); 
49  
50 *** LIVESTOCK SYSTEM SCENARIOS *** 
51 *** Convergence to EUROPE ******** 
52  
53 * Mixing scenarios 
54 i54_heads_per_kli(t,i,kli,lvst) = i54_heads_per_kli_1995(i,kli,lvst) 
55 *(1 - fm_feeding_convergence(t))  
56 + i54_heads_per_kli_1995("EUR",kli,lvst) 
57 *fm_feeding_convergence(t); 
58 i54_nex(t,i,lvst) = i54_nex_1995(i,lvst) 
59                                         *(1 -fm_feeding_convergence(t)) 
60 + i54_nex_1995("EUR",lvst) 
61 *fm_feeding_convergence(t); 
62 i54_conf_to_cropl_shr(t,i)         =  f54_conf_to_cropl_shr(i)  
63 *(1-fm_feeding_convergence(t))  
64 + f54_conf_to_cropl_shr("EUR")  
65 * fm_feeding_convergence(t); 
66 i54_feedres_to_cropl_shr(t,i) = f54_feedres_to_cropl_shr(i)  
67 *(1 - fm_feeding_convergence(t))  
68 + f54_feedres_to_cropl_shr("EUR")  
69 * fm_feeding_convergence(t); 
70 i54_ipcc_ms_awms(t,i,lvst,awms) = f54_ipcc_ms_awms(i,lvst,awms) 
71 *(1 - fm_feeding_convergence(t))  
72 + f54_ipcc_ms_awms("EUR",lvst,awms) 
73 *fm_feeding_convergence(t); 
74  
75 i54_n_content_kli(kli)             =f54_protein_content(kli)/f54_protein_N_ratio(kli); 
76 i54_nutrients_frac_gas_ms("p",lvst,awms_conf)=0; 
77 i54_nutrients_frac_gas_ms("nr",lvst,awms_conf)=f54_ipcc_frac_gas_ms(lvst,awms_conf); 
78  
79 *** Livestock systems 
80  
81 i54_manure_conf_distribution(t,i,kli,awms_conf)=sum((lvst_to_kli(kli,lvst)), 
82 i54_nex(t,i,lvst) 
83 *i54_ipcc_ms_awms(t,i, lvst, "confinement") 
84                                       *i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf)) 
85 /sum(lvst_to_kli(kli,lvst), i54_nex(t,i,lvst) 
86 *i54_ipcc_ms_awms(t,i, lvst, "confinement")); 
87  
88 i54_recycl_conf(t,i,"p",kli)=sum((awms_conf,lvst_to_kli(kli,lvst)),i54_nex(t,i,lvst) 
89 *i54_ipcc_ms_awms(t,i, lvst, "confinement") 
90 *i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) 
91 *(1 - f54_ipcc_frac_loss_ms(lvst,awms_conf))) 
92 /sum(lvst_to_kli(kli,lvst), i54_nex(t,i,lvst) 
93 *i54_ipcc_ms_awms(t, i, lvst, "confinement")); 
94  
95 i54_conf_loss_gas(t,i,"p",kli)=sum((awms_conf,lvst_to_kli(kli,lvst)),i54_nex(t,i,lvst) 
96 * i54_ipcc_ms_awms(t, i, lvst, "confinement") 
97 *i54_ipcc_ms_awms_conf_scenario(t,i,lvst,awms_conf) 
98 * i54_nutrients_frac_gas_ms("p",lvst,awms_conf)) 
99                                        /sum(lvst_to_kli(kli,lvst), i54_nex(t,i,lvst) 
100                                        *i54_ipcc_ms_awms(t, i, lvst, "confinement")); 
101  
102 i54_animal_shr_awms(t,i,kli,awms) =  sum(lvst_to_kli(kli,lvst), 
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103 i54_heads_per_kli(t,i,lvst_to_kli) 
104                                        *i54_ipcc_ms_awms(t,i,lvst,awms)) 
105 /sum(lvst_to_kli(kli,lvst), 
106                                         i54_heads_per_kli(t,i,lvst_to_kli)); 
107  
108 i54_manure_fuel_shr(t,i,kli)   =   sum(lvst_to_kli(kli,lvst), i54_nex(t,i,lvst) 
109                                        *i54_ipcc_ms_awms(t, i, lvst, "fuel")) 
110 /sum(lvst_to_kli(kli,lvst),i54_nex(t,i,lvst) 
111                                        *(i54_ipcc_ms_awms(t, i, lvst, "fuel") 
112                                        +i54_ipcc_ms_awms(t,i, lvst, "grazing_pasture"))); 
113  
114  
115 p54_stable_p(t,i)=0; 
116 p54_stable_p("y1995",i)=f54_stable_p_1995(i); 
117  
118 p54_labile_p(t,i)=0; 
119 p54_labile_p("y1995",i)=f54_labile_p_1995(i); 
120  
121 *** EOF pre.gms *** 
Presolve: 

1 **** Here you can put your code that should be executed within the **** 
2 ****       timestep loop, but BEFORE the solve statement           **** 
3  
4 *** Currents 
5  
6 sc54_t=ord(t); 
7  
8 ic54_animal_shr_awms(i,kli,awms)   =     i54_animal_shr_awms(t,i,kli,awms); 
9 ic54_manure_fuel_shr(i,kli)        =     i54_manure_fuel_shr(t,i,kli); 
10 ic54_recycl_conf(i,"p",kli)        =     i54_recycl_conf(t,i,"p",kli); 
11 ic54_conf_to_cropl_shr(i)          =     i54_conf_to_cropl_shr(t,i); 
12 ic54_feedres_to_cropl_shr(i)       =     i54_feedres_to_cropl_shr(t,i); 
13  
14 *****Phosphorus Pool***** 
15  
16 p54_labile_p_pre(i)                =     (p54_stable_p(t,i)*s54_desorption_share) 
17                                         -(p54_labile_p(t,i)*s54_adsorption_share) 
18                                         + p54_labile_p(t,i); 
19  
20 ***   +m54_pmin_from rock-l54_Pleach_to_water  -- not yet modeled   *** 
21  
22 *** EOF solve.gms *** 
Postsolve: 

23 **** Here you put your code, that should be executed within *** 
24 ****    the timestep loop, but AFTER the solve statement    *** 
25  
26 p54_stable_p(t,i)  = 
27                       p54_stable_p(t-1,i) 
28 +(1-s54_inputs_to_labile_shr)* 
29 (     sum  (kcr, m_res_supply.l(i,"recycle",kcr) 
30                                                 *fm_attributes_residue_ag("p",kcr)) 
31                          +sum(kcr, vm_res_supply.l(i,"burn",kcr) 
32                                                 *fm_attributes_residue_ag("p",kcr)) 
33 +sum(kli, v54_nutrient_manure.l(i, kli, "grazing_cropland")) 
34 +sum(kli, v54_nutrient_manure.l(i, kli, "confinement") 
35                                    *ic54_recycl_conf(i,"p",kli)*ic54_conf_to_cropl_shr(i)) 
36 + v54_inorg_fert_reg.l(i,"p") 
37 ) 
38 ; 
39  
40 *** EOF post.gms *** 
41  
42 *#################### R SECTION START (OUTPUT DEFINITIONS) ##################### 
43  
44 *##################### R SECTION END (OUTPUT DEFINITIONS) ###################### 
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1. ################################################ 
2. ###******************************************### 
3. ### Export von Ergebnissen via Latex als pdf ### 
4. ###******************************************### 
5. ################################################ 
6.  
7. outfile<-"Ergebnisse.pdf" 
8.  
9. ### Libraries ### 
10. setwd("C:/Users/Veikko Heintz/Documents/R/library") 
11.  
12. library(ludata) 
13. library(faodata) 
14. library(magpie) 
15. library(gdx) 
16. library(gdxrrw) 
17. library(lubase) 
18. library(luscale) 
19. library(luplot) 
20. library(lucode) 
21. library(lusweave) 
22.  
23. options(error=function()traceback(2)) 
24.  
25. ### Setzen des working directories ### 
26.  
27. getwd() 
28. setwd("C:/Users/Veikko 

Heintz/Documents/Masterarbeit/Ergebnisse_april_2014/2014_06_11") 
29.  
30. gdx<-readGDX("fulldata_def.gdx")   #gdx file in workspace imortieren 
31. fulldata<-gdx           #Umbenennnung in "fulldata" 
32.  
33. ####################### 
34. ### Neue Funktionen ### 
35. ####################### 
36.  
37. ### gdx-input ### 
38.  
39. inp <- function (gdx, name, ..., react = "warning", as.magpie = FALSE)  
40. { 
41.   allnames <- c(name, c(...)) 
42.   if (!is.list(gdx)) { 
43.     gdx <- readGDX(gdx, name = c(name, ...)) 
44.   } 
45.   assigned = FALSE 
46.    
47.   for (n in allnames) { 
48.     if (n %in% names(gdx)) { 
49.       x <- gdx[[n]] 
50.       assigned = TRUE 
51.       if (n != name & react != "silent")  
52.         warning(name, " not found in GDX file! ", n,  
53.                 " returned") 
54.       break 
55.     } 
56.   } 
57.    
58.   if (assigned == FALSE) { 
59.     if (react == "warning")  
60.       warning("No element of ", allnames, " found in GDX file! NULL re-

turned") 
61.     if (react == "error")  
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62.       stop("No element of ", allnames, " found in GDX file!") 
63.     return(NULL) 
64.   } 
65.   if (as.magpie) { 
66.     require(magclass) 
67.     x <- as.magpie(x) 
68.   } 
69.   return(x) 
70. } 
71.  
72. ### Fertilizer use ### 
73.  
74. fertilizer<-function(fulldata, nutrient="p") { 
75.   if(nutrient=="nr"){ 
76.     out<-as.magpie(inp(fulldata, name="ov51_nr_inorg_fert_reg")[,,"level"]) 
77.   } else if(nutrient=="p") 
78.     out<-as.magpie(inp(fulldata, name="ov54_p_fert_reg")[,,"level"]) 
79.   else {stop("only nr fertlizer parametrized in fertilizer()")} 
80.   return(out) 
81. } 
82.  
83. ### Harvest ### 
84.  
85. harvest<-function(fulldata, nutrient="p") { 
86.    
87.   nutrient_content<-inp(fulldata, name="im_attributes_harvest")[nutrient,] 
88.   out<-as.magpie(production(fulldata, level="reg", 

crop_aggr=FALSE,water="sum")) * as.magpie(nutrient_content[-
which(names(nutrient_content)=="pasture")]) 

89.   return(out) 
90. } 
91.  
92. ### Aboveground residues ### 
93.  
94. ag_res<-function(fulldata, nutrient="p") { 
95.   kcr<-inp(fulldata,"kcr") 
96.   dm<-inp(fulldata, name="ov_prod_res_ag_reg")[,,kcr,"level"] 
97.   nr<-inp(fulldata, name="fm_attributes_residue_ag")[nutrient,kcr] 
98.   out<-as.magpie(dm)*as.magpie(nr) 
99.   return(out) 
100. } 
101.  
102. ### Use of aboveground residues ###  
103.  
104. ag_res_use<-function(fulldata, nutrient="p") { 
105.   dm<-inp(fulldata, name="ov_res_supply")[,,,,"level"] 
106.   nr<-inp(fulldata, name="fm_attributes_residue_ag")[nutrient,] 
107.   out<-as.magpie(dm)*as.magpie(nr) 
108.   return(out) 
109. } 
110.  
111. ### manure ### 
112.  
113. manure<-function(fulldata,nutrient="p"){ 
114.   if (nutrient=="p") { 
115.     out<-as.magpie(inp(fulldata,name="ov54_nutrient_manure")[,,,,"level"]) 
116.   } else {stop("not parametrized for other nutrients")} 
117.   return(out) 
118. } 
119.  
120. ### Use ### 
121.  
122. use<-function(fulldata, nutrient="p"){ 
123.   k=inp(gdx=fulldata,name="k") 
124.   food=inp(gdx=fulldata, name="im_dem_food",as.magpie=TRUE) 
125.   material=inp(gdx=fulldata, name="im_dem_material",as.magpie=TRUE) 
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126.   feed=dimSums(as.magpie(inp(gdx=fulldata, 
name="ov_dem_feed")[,,,k,"level"]),dim=3) 

127.   bioenergy=as.magpie(inp(gdx=fulldata, name="ov_dem_bioen")[,,,"level"]) 
128.   seed=as.magpie(inp(gdx=fulldata, 

name="ov_prod_reg")[,,,"level"])*inp(gdx=fulldata, 
name="fm_seed_shr",as.magpie=TRUE) 

129.   dimnames(food)[[3]]<-paste("food",dimnames(food)[[3]],sep=".") 
130.   dimnames(material)[[3]]<-paste("material",dimnames(material)[[3]],sep=".") 
131.   dimnames(feed)[[3]]<-paste("feed",dimnames(feed)[[3]],sep=".") 
132.   dimnames(bioenergy)[[3]]<-

paste("bioenergy",dimnames(bioenergy)[[3]],sep=".") 
133.   dimnames(seed)[[3]]<-paste("seed",dimnames(seed)[[3]],sep=".") 
134.   out<-combine.chunks(bioenergy,seed) 
135.   out<-combine.chunks(feed,out) 
136.   out<-combine.chunks(material,out) 
137.   out<-combine.chunks(food,out) 
138.   out<-as.magpie(out) 
139.   names(dimnames(out))[[3]]<-"dem.k" 
140.   if (nutrient=="dm_model") {nutrient_content<-as.magpie(1) 
141.   } else if (nutrient=="p") { 
142.     nutrient_content<-as.magpie(c( 
143.       inp(fulldata, name="im_attributes_harvest")["p",], 
144.       inp(fulldata, name="f54_attributes_livstproducts")["p",] 
145.     ))[,,k]                            
146.   } else { 
147.     nutrient_content<-as.magpie(c( 
148.       inp(fulldata, name="im_attributes_harvest")[nutrient,], 
149.       inp(fulldata, name="f51_attributes_livstproducts")[nutrient,] 
150.     ))[,,k] 
151.   } 
152.   out<-out*nutrient_content 
153.   return(out) 
154. } 
155.  
156. ### livestock products ### 
157.  
158. livestock_products<-function(fulldata,nutrient="p") { 
159.   kli=inp(gdx=fulldata,name="kli") 
160.   out            = dim-

Sums(use(fulldata,nutrient="p")[,,kli][,,"food"],dims=3) 
161.   return(out) 
162. } 
163.  
164.  
165. ### vegetal products ### 
166.  
167. vegetal_products<-function(fulldata,nutrient="p") { 
168.   kve=inp(gdx=fulldata,name="kve") 
169.   out            = dim-

Sums(use(fulldata,nutrient="p")[,,kve][,,"food"],dims=3) 
170.   return(out) 
171. } 
172.  
173. ### slaughtered animals ### 
174.  
175. slaughtered_animals<-function(fulldata,nutrient="p") { 
176.   kli=inp(gdx=fulldata,name="kli") 
177.   use_reg            = use(fulldata,nutrient="dm_model")[,,kli] 
178.   animal_shr         = inp(gdx=fulldata, 

name="i54_animal_shr_awms",as.magpie=TRUE)[,,kli] 
179.   slaughter_factor   = inp(gdx=fulldata, 

name="f54_slaughter_factor",as.magpie=TRUE)[,,kli] 
180.   attributes_animals = as.magpie(inp(gdx=fulldata, 

name="f54_attributes_living_animals")[nutrient,])[,,kli] 



  142

181.   out<-
use_reg*slaughter_factor*attributes_animals*as.magpie(aperm(unwrap(animal_sh
r),c(1,2,4,3))) 

182.   return(out) 
183. } 
184.  
185. ### manure recycling on croplands ### 
186.  
187. manure_recycl_cropl<-function(fulldata,nutrient="p"){ 
188.   if (nutrient=="nr") { 
189.      
190.     recycl_conf       <- inp(fulldata,name="i51_recycl_conf",as.magpie=TRUE) 
191.     conf_to_cropl_shr <- 

inp(fulldata,name="i51_conf_to_cropl_shr",as.magpie=TRUE)  
192.      
193.   } else if (nutrient=="p") { 
194.     recycl_conf       <- inp(fulldata,name="i54_recycl_conf",as.magpie=TRUE) 
195.     conf_to_cropl_shr <- 

inp(fulldata,name="i54_conf_to_cropl_shr",as.magpie=TRUE)  
196.      
197.      
198.   } else {stop("not parametrized for other nutrients yet")} 
199.   manure         <- manure(fulldata,nutrient=nutrient) 
200.   out <-  ( 
201.     setNames(dimSums(manure[,,"grazing_cropland"],dim=3),NULL)  
202.     + set-

Names(dimSums(manure[,,"confinement"]*recycl_conf*conf_to_cropl_shr,dim=3),N
ULL) 

203.   ) 
204.   return(setNames(out,"manure_recycl_cropl"))   
205. } 
206.  
207. ### manure-p recycling on pasture ### 
208.  
209. manure_recycl_past<-function(fulldata,nutrient="p"){ 
210.   if (nutrient=="nr") { 
211.      
212.     recycl_conf       <- inp(fulldata,name="i51_recycl_conf",as.magpie=TRUE) 
213.     conf_to_cropl_shr <- 

inp(fulldata,name="i51_conf_to_cropl_shr",as.magpie=TRUE)  
214.      
215.      
216.   } else if (nutrient=="p") { 
217.      
218.     recycl_conf       <- inp(fulldata,name="i54_recycl_conf",as.magpie=TRUE) 
219.     conf_to_cropl_shr <- 

inp(fulldata,name="i54_conf_to_cropl_shr",as.magpie=TRUE)  
220.      
221.      
222.   } else {stop("not parametrized for other nutrients yet")} 
223.   manure         <- manure(fulldata,nutrient=nutrient) 
224.   out <-  ( 
225.     setNames(dimSums(manure[,,"confinement"]*recycl_conf*(1-

conf_to_cropl_shr),dim=3),NULL) 
226.   ) 
227.   return(setNames(out,"manure_recycl_past")) 
228.    
229. } 
230.  
231. ### recycling ag_residues ### 
232.  
233. ag_res_recycle<-function(fulldata,nutrient ="p") { 
234.   if (nutrient=="dm_model") { 
235.     out<-

setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"recycle"],dim=4), 
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236.                   
NULL)+setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"burn"]*as.m
agpie(1-inp(fulldata, 

237.                                                                                                           
"f51_res_combust_eff")),dim=4),NULL) 

238.   }else if (nutrient=="p") { 
239.     out<-

setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"recycle"],dim=4), 
240.                   

NULL)+setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"burn"],dim=
4),NULL)                          

241.   }else if (nutrient=="nr") { 
242.     out<-

setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"recycle"],dim=4), 
243.                   

NULL)+setNames(dimSums(ag_res_use(fulldata,nutrient=nutrient)[,,"burn"],dim=
4),NULL)                          

244.   } 
245.   return(out) 
246. } 
247.  
248. ### slaughter waste ### 
249.  
250. slaughter_waste<-function(fulldata,nutrient="p"){ 
251.   kli<-inp(gdx,"kli") 
252.   out<-dimSums(slaughtered_animals(fulldata,nutrient=nutrient),dim=c(3,5)) - 

dimSums(use(fulldata,nutrient="p")[,,kli],dims=3)              
253.   return(out) 
254. } 
255.  
256. ### convby_use ### 
257.  
258. convby_use<-function(fulldata,nutrient="p"){ 
259.   out<-as.magpie(inp(fulldata,"ov20_convby_use")[,,,nutrient,"level"]) 
260.   return(out) 
261. } 
262.  
263. ### convby_supply ### 
264.  
265. convby_supply<-function(fulldata,nutrient="p"){ 
266.   out<-as.magpie(inp(fulldata,"ov20_convby_supply")[,,nutrient,"level"]) 
267.   return(out) 
268. } 
269.  
270. ### convby_prood ### 
271.  
272. convby_prod<-function(fulldata,nutrient="p"){ 
273.   out<-as.magpie(inp(fulldata,"i20_convby_prod")[,,nutrient]) 
274.   return(out) 
275. } 
276.  
277. ### plant products ###  
278.  
279. plant_products<-function(fulldata,nutrient="p"){ 
280.   kcr<-inp(fulldata,"kcr") 
281.   fooduse<-use(fulldata=fulldata,nutrient=nutrient)[,,"food"][,,kcr] 
282.   #foodmatuse<-

use(fulldata=fulldata,nutrient=nutrient)[,,c("food","material")][,,kcr] 
283.   convby<-convby_prod(fulldata=fulldata,nutrient=nutrient) 
284.   #  con-

vby_food_shr=dimSums(fooduse,dim=c(3,4))/dimSums(foodmatuse,dim=c(3,4)) 
285.   #  out<-setNames(dimSums(fooduse,dim=c(3,4))-

convby*convby_food_shr,"plant_products") 
286.   out<-setNames(dimSums(fooduse,dim=c(3,4))-convby,"plant_products")   
287.   return(out) 
288. }   
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289.  
290. ### feed ### 
291.  
292. feed<-function(fulldata,nutrient="p"){ 
293.   kcr<-inp(fulldata,"kcr") 
294.   kcr<-kcr[-which(kcr=="foddr")]    #### ??? kcr=kcr ??? #### 
295.   kli<-inp(fulldata,"kli")          ####     klären      #### 
296.    
297.   if (nutrient=="nr") { 
298.      
299.     concentrate_feed  <-

set-
Names(dimSums(use(fulldata=fulldata,nutrient="nr")[,,"feed"][,,kcr],dims=c(3
,4)),"concentrate") 

300.     fodder_feed       <-
set-
Names(dimSums(use(fulldata=fulldata,nutrient="nr")[,,"feed"][,,"foddr"],dims
=c(3,4)),"fodder") 

301.     pasture_feed      <-setNames(dimSums(as.magpie(inp(fulldata, 
"ov_dem_feed")[,,,"pasture","level"]),dims=c(3))*inp(fulldata, 
name="im_attributes_harvest")[nutrient,"pasture"],"pasture") 

302.     residues_feed     <-
set-
Names(dimSums(ag_res_use(fulldata=fulldata,nutrient=nutrient)[,,"feed"],dims
=c(3,4)),"residues") 

303.     convby_feed       <-
set-
Names(dimSums(convby_use(fulldata=fulldata,nutrient=nutrient)[,,"feed"],dims
=c(3)),"convby") 

304.     animal_feed       <-
set-
Names(dimSums(use(fulldata=fulldata,nutrient="nr")[,,"feed"][,,kli],dims=c(3
,4)),"animal_feed") 

305.     scavenging_feed   <-
set-
Names(dimSums(as.magpie(inp(fulldata,"ov_dem_feed")[,,,"scavenging","level"]
),dims=3)*inp(fulldata, 
name="im_attributes_harvest")[nutrient,"pasture"],"scavenging") 

306.     out<-
mbind(concentrate_feed,fodder_feed,pasture_feed,residues_feed,convby_feed,an
imal_feed,scavenging_feed) 

307.   } else if (nutrient=="p") { 
308.      
309.     concentrate_feed  <-

set-
Names(dimSums(use(fulldata=fulldata,nutrient="p")[,,"feed"][,,kcr],dims=c(3,
4)),"concentrate") 

310.     fodder_feed       <-
set-
Names(dimSums(use(fulldata=fulldata,nutrient="p")[,,"feed"][,,"foddr"],dims=
c(3,4)),"fodder") 

311.     pasture_feed      <-setNames(dimSums(as.magpie(inp(fulldata, 
"ov_dem_feed")[,,,"pasture","level"]),dims=c(3))*inp(fulldata, 
name="im_attributes_harvest")[nutrient,"pasture"],"pasture") 

312.     residues_feed     <-
set-
Names(dimSums(ag_res_use(fulldata=fulldata,nutrient=nutrient)[,,"feed"],dims
=c(3,4)),"residues") 

313.     convby_feed       <-
set-
Names(dimSums(convby_use(fulldata=fulldata,nutrient=nutrient)[,,"feed"],dims
=c(3)),"convby") 

314.     scavenging_feed   <-
set-
Names(dimSums(as.magpie(inp(fulldata,"ov_dem_feed")[,,,"scavenging","level"]
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),dims=3)*inp(fulldata, 
name="im_attributes_harvest")[nutrient,"pasture"],"scavenging") 

315.     out<-
mbind(concentrate_feed,fodder_feed,pasture_feed,residues_feed,convby_feed,sc
avenging_feed) 

316.   } else {stop("losses_material so far only parametized for nr and p")} 
317.    
318.    
319.   return(out)                            
320.    
321. } 
322.  
323. ### out_2_p_pool ### 
324.  
325. out_2_pp<-function(fulldata, nutrient="p") { 
326.   ag_res_recl      <-ag_res_recycle(fulldata, nutrient="p") 
327.   man_rec_crpl     <-manure_recycl_cropl(fulldata, nutrient="p") 
328.   p_fert           <-as.magpie(inp(fulldata, 

name="ov54_p_fert_reg")[,,"level"]) 
329.   inp_2_l_shr      <-

inp(fulldata,name="s54_inputs_to_labile_shr",as.magpie=TRUE)  
330.   out<-       setNames((ag_res_recl+man_rec_crpl+p_fert)*(1-

inp_2_l_shr),NULL) 
331.   return(out) 
332. } 
333.  
334. ### in_from_p_pool ### 
335.  
336. in_from_pp<-function(fulldata, nutrient="p") { 
337.   pp_pre           <-inp(fulldata, 

name="ov54_p_pool_pre",as.magpie=TRUE)[,,"level"] 
338.   pp_rel_tm        <-inp(fulldata, 

name="s54_pool_release_time",as.magpie=TRUE) 
339.   out          <-setNames(pp_pre/pp_rel_tm,NULL) 
340.   return(out) 
341. } 
342.  
343. # Berechnung der Cropland Bilanzen # 
344.  
345. cropland_budget<-function(fulldata,nutrient="p"){ 
346.   kcr              <-inp(fulldata,"kcr") 
347.   rename_it        <-function(x,name){ 
348.     if (is.null(dimnames(x)[[3]])) { 
349.       dimnames(x)[[3]]<-name 
350.     } else { 
351.       dimnames(x)[[3]]<-paste(name,dimnames(x)[[3]],sep=".") 
352.     } 
353.     x<-unwrap(x) 
354.     return(x) 
355.   } 
356.   outharvest  <-   -

(re-
name_it(x=dimSums(harvest(fulldata,nutrient=nutrient),dim=3),name="harvest")
) 

357.   outresidues <-   -
(re-
name_it(x=dimSums(ag_res(fulldata,nutrient=nutrient),dim=3),name="ag_residue
s")) 

358.    
359.    
360.   NA_object <- setNames(as.magpie(outharvest),NULL) 
361.   NA_object[,,]<-NA 
362.   out_2_p_pool   <-   -

(rename_it(x=out_2_pp(fulldata,nutrient=nutrient),name="out_2_p_pool")) 
363.   in_from_p_pool <-   (rename_it(x=in_from_pp(fulldata, nutrient=nutrient), 

name="in_from_p_pool")) 
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364.    
365.    
366.   inseeds     <-   (rename_it(x=setNames(dimSums(use(fulldata, nutri-

ent=nutrient)[,,"seed"][,,kcr],dim=4),NULL),name="seed")) 
367.   inagres     <-   (rename_it(x=setNames(ag_res_recycle(fulldata, nutri-

ent=nutrient),NULL),name="ag_residues_rec")) 
368.   infertilizer<-   (rename_it(x=fertilizer(fulldata, nutri-

ent=nutrient),name="fix_fertilizer")) 
369.   inmanure    <-   (rename_it(x=dimSums(manure_recycl_cropl(fulldata, nutri-

ent=nutrient)),name="manure")) 
370.    
371.    
372.   out<-combine.chunks(outharvest,outresidues) 
373.   out<-combine.chunks(out,out_2_p_pool) 
374.   out<-combine.chunks(out,in_from_p_pool) 
375.   out<-combine.chunks(out,infertilizer) 
376.   out<-combine.chunks(out,inmanure) 
377.   out<-combine.chunks(out,inagres)  
378.   out<-combine.chunks(out,inseeds)   
379.   out<-as.magpie(out) 
380.   return(out) 
381. } 
382.  
383.  
384. #### Berechnung losses_field ### 
385.  
386. #losses_field<-function(fulldata,nutrient="p"){ 
387. #  if (nutrient=="nr") { 
388. #     
389. #    budget <- cropland_budget(fulldata, "nr") 
390. #    budget_out<- -

dimSums(budget[,,c("harvest","ag_residues","seed")],dim=3) 
391. #    budget_in<-dimSums(budget[,,c("fix_fertilizer","manure",       
392. #                                  "ag_residues_rec")],dim=3)   
393. #     
394. #  } else if (nutrient=="p") { 
395. #    # 
396. #    budget <- cropland_budget(fulldata,"p") 
397. #    budget_out<- -

dimSums(budget[,,c("harvest","ag_residues","out_2_p_pool","seed")],dim=3) 
398. #    budget_in<-

dimSums(budget[,,c("fix_fertilizer","manure","in_from_p_pool",       
399. #                                  "ag_residues_rec")],dim=3) 
400. #     
401. #  } else {stop("losses_awms so far only parametized for nr and p")} 
402. #   
403. #  out<-budget_in-budget_out 
404. #  return(setNames(out,"losses_field")) 
405. #   
406. #} 
407. ## 
408. ### Berechnung losses_awms ### 
409.  
410. losses_awms<-function(fulldata,nutrient="p"){ 
411.   if (nutrient=="nr") { 
412.      
413.     nutrient_manure   <- 

inp(fulldata,"ov51_nr_manure")[,,,"confinement","level"] 
414.     recycl_conf       <- inp(fulldata,"i51_recycl_conf",as.magpie=TRUE) 
415.      
416.      
417.   } else if (nutrient=="p") { 
418.      
419.     nutrient_manure   <- 

inp(fulldata,"ov54_nutrient_manure")[,,,"confinement","level"] 
420.     recycl_conf       <- inp(fulldata,"i54_recycl_conf",as.magpie=TRUE) 



  147

421.      
422.   } else {stop("losses_awms so far only parametized for nr and p")} 
423.    
424.   out<-dimSums(as.magpie(nutrient_manure)*(1-recycl_conf),dims=c(3)) 
425.   return(setNames(out,"losses_awms")) 
426.    
427. } 
428.  
429.  
430. losses_material<-function(fulldata,nutrient="p"){ 
431.   kli<-inp(gdx=fulldata,"kli") 
432.   if (nutrient=="nr") { 
433.      
434.     nut_use_mat  <-

dimSums(use(fulldata=fulldata,nutrient="nr")[,,"material"],dim=c(3,4)) 
435.     # livestock "seed" is so far not recycled, grouped together with bio-

energy to losses_material in order to clear the balance 
436.     nut_use_seed <-

dim-
Sums(use(fulldata=fulldata,nutrient="nr")[,,c("seed","bioenergy")][,,kli],di
m=c(3,4)) 

437.      
438.   } else if (nutrient=="p") { 
439.      
440.     nut_use_mat  <-

dimSums(use(fulldata=fulldata,nutrient="p")[,,"material"],dim=c(3,4)) 
441.     # livestock "seed" is so far not recycled, grouped together with bio-

energy to losses_material in order to clear the balance 
442.     nut_use_seed <-

dim-
Sums(use(fulldata=fulldata,nutrient="p")[,,c("seed","bioenergy")][,,kli],dim
=c(3,4)) 

443.      
444.   } else {stop("losses_material so far only parametized for nr and p")} 
445.    
446.   out<-nut_use_mat+nut_use_seed 
447.   return(setNames(out,"losses_material")) 
448.    
449. } 
450.  
451.  
452. losses_bioenergy<-function(fulldata,nutrient="p"){ 
453.   kcr<-inp(fulldata,"kcr") 
454.   if (nutrient=="nr") { 
455.      
456.     nut_use_bioen    <-

dim-
Sums(use(fulldata=fulldata,nutrient="nr")[,,"bioenergy"][,,kcr],dim=c(3,4)) 

457.     ag_res_use_bioen <-dimSums(ag_res_use(fulldata)[,,"bioenergy"],dim=4) 
458.      
459.   } else if (nutrient=="p") { 
460.      
461.     nut_use_bioen    <-

dim-
Sums(use(fulldata=fulldata,nutrient="p")[,,"bioenergy"][,,kcr],dim=c(3,4)) 

462.     ag_res_use_bioen <-dimSums(ag_res_use(fulldata)[,,"bioenergy"],dim=4) 
463.      
464.   } else {stop("losses_material so far only parametized for nr and p")} 
465.    
466.   return(setNames(nut_use_bioen+setNames( 

ag_res_use_bioen,NULL),"losses_bioenergy")) 
467. } 
468.  
469.  
470. losses_slwaste<-function(fulldata,nutrient="p"){ 
471.    
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472.   if (nutrient=="nr") { 
473.      
474.     out<-dimSums(slaughter_waste(fulldata, "nr"),dims=3) 
475.      
476.   } else if (nutrient=="p") { 
477.      
478.     out<-dimSums(slaughter_waste(fulldata, "p"),dims=3) 
479.      
480.   } else {stop("losses_material so far only parametized for nr and p")} 
481.    
482.   return(setNames(out,"losses_slwaste")) 
483. } 
484.  
485. #losses_resburn<-function(fulldata,nutrient="p"){ 
486. #   
487. #  if (nutrient=="nr") { 
488. #     
489. #    out<-setNames(dimSums(ag_res_use(fulldata, 

"nr")[,,"burn"]*as.magpie(inp(fulldata,name="f51_res_combust_eff")),dim=4),N
ULL)# 

490. #     
491. #  } else if (nutrient=="p") { 
492. #     
493. #    out<-setNames(dimSums(ag_res_use(fulldata, 

"p")[,,"burn"]*0,dim=4),NULL) 
494. #     
495. #  } else {stop("losses_material so far only parametized for nr and p")} 
496. #   
497. #  return(setNames(out,"losses_resburn")) 
498. #} 
499. # 
500. losses_resother<-function(fulldata,nutrient="p"){ 
501.    
502.   if (nutrient=="nr") { 
503.      
504.     out<-setNames(dimSums(ag_res_use(fulldata, "nr")[,,"other"],dim=4),NULL) 
505.      
506.   } else if (nutrient=="p") { 
507.      
508.     out<-setNames(dimSums(ag_res_use(fulldata, "p")[,,"other"],dim=4),NULL) 
509.      
510.   } else {stop("losses_resother so far only parametized for nr and p")} 
511.    
512.   return(setNames(out,"losses_resotherbioenergy")) 
513. } 
514. # 
515. #losses_convby<-function(fulldata){ 
516. #  out<-

dim-
Sums(convby_use(fulldata)[,,c("other_util","food","processing","waste")],dim
=3) 

517. #  return(setNames(out,"losses_convby")) 
518. #} 
519.  
520. losses_convby<-function(fulldata,nutrient="p"){ 
521.    
522.   if (nutrient=="nr") { 
523.      
524.     out<-dimSums(convby_use(fulldata, 

"nr")[,,c("other_util","food","processing","waste")],dim=3) 
525.      
526.   } else if (nutrient=="p") { 
527.      
528.     out<-dimSums(convby_use(fulldata, 

"p")[,,c("other_util","food","processing","waste")],dim=3) 
529.      
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530.   } else {stop("losses_convby so far only parametized for nr and p")} 
531.    
532.   return(setNames(out,"losses_convby")) 
533. } 
534.  
535. losses<-function(fulldata,nutrient="p"){ 
536.    
537.   if (nutrient=="nr") { 
538.      
539.     out<-losses_material(fulldata,"nr") 
540.    # out<-combine.chunks(manure_recycl_past(fulldata,"nr"),out) 
541.     out<-combine.chunks(losses_convby(fulldata,"nr"),out) 
542.     out<-combine.chunks(losses_bioenergy(fulldata,"nr"),out)   
543.     out<-combine.chunks(losses_resother(fulldata,"nr"),out) 
544.     #out<-combine.chunks(losses_resburn(fulldata,"nr"),out) 
545.     out<-combine.chunks(losses_slwaste(fulldata,"nr"),out) 
546.     out<-combine.chunks(losses_awms(fulldata,"nr"),out) 
547.     #out<-combine.chunks(losses_field(fulldata,"nr"),out) 
548.     out<-as.magpie(out) 
549.      
550.   } else if (nutrient=="p") { 
551.      
552.     foood<-setNames(plant_products(fulldata, nutri-

ent="p")+dimSums(livestock_products(fulldata, nutrient="p"), dim=3),"Food 
products") 

553.      
554.     out<-losses_material(fulldata,"p") 
555.    # out<-combine.chunks(manure_recycl_past(fulldata,"p"),out) 
556.     out<-combine.chunks(losses_convby(fulldata,"p"),out) 
557.     out<-combine.chunks(losses_bioenergy(fulldata,"p"),out)   
558.     out<-combine.chunks(losses_resother(fulldata,"p"),out) 
559.     #out<-combine.chunks(losses_resburn(fulldata,"p"),out) 
560.     out<-combine.chunks(foood,out) 
561.     out<-combine.chunks(losses_slwaste(fulldata,"p"),out) 
562.     out<-

com-
bine.chunks(setNames(manure(fulldata,nutrient=nutrient)[,,"fuel"],"manure_fu
el"),out) 

563.     out<-combine.chunks(losses_awms(fulldata,"p"),out) 
564.     #out<-combine.chunks(losses_field(fulldata,"p"),out) 
565.     out<-as.magpie(out) 
566.      
567.   } else {stop("losses_convby so far only parametized for nr and p")} 
568.    
569.   return(out) 
570.    
571. } 
572.  
573.  
574. livestock_budget<-function(fulldata, nutrient="p"){ 
575.    
576.   out<-combine.chunks(feed(fulldata,nutrient=nutrient),-

losses_awms(fulldata,nutrient)) 
577.    
578.   out<-combine.chunks(out,setNames(-

dimSums(manure(fulldata,nutrient=nutrient)[,,"fuel"],dims=3),"manure_fuel")) 
579.    
580.   out<-combine.chunks(out,setNames(-

dim-
Sums(manure(fulldata,nutrient=nutrient)[,,"grazing_pasture"],dims=3),"manure
_grazing")) 

581.   out<-combine.chunks(out,-manure_recycl_cropl(fulldata,nutrient=nutrient)) 
582.   out<-combine.chunks(out,-manure_recycl_past(fulldata,nutrient=nutrient)) 
583.    
584.   out<-combine.chunks(out,-

set-
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Names(dimSums(slaughtered_animals(fulldata,nutrient=nutrient),dims=c(3,4,5))
,"slaughtered_animals")) 

585.   out<-combine.chunks(out, set-
Names(dimSums(as.magpie(out),dims=c(3)),"sum")) 

586.   return(as.magpie(out)) 
587. } 
588.  
589.  
590. ################################# 
591. ### PDF output file erstellen ### 
592. ################################# 
593.  
594. swout<-swopen(outfile=outfile,folder="C:/Users/Veikko 

Heintz/Documents/Masterarbeit/ERgebnisse_april_2014/2014_06_11/Ergebnisse") 
595.  
596. ### Introduction ### 
597.  
598. swlatex(swout,"\\huge") 
599. swlatex(swout,"\\textbf{Integrated Assesment of Phosphorus Use}\\newline") 
600. swlatex(swout,"\\textbf{and Depletion}\\newline") 
601. swlatex(swout,"\\newline") 
602. swlatex(swout,"\\textbf{Output (second Run - Default)}\\newline") 
603. swlatex(swout,"\\normalsize") 
604. swlatex(swout,"\\newline") 
605. swlatex(swout,"\\tableofcontents") 
606. swlatex(swout,"\\setcounter{tocdepth}{1}") 
607. swlatex(swout,"\\newpage") 
608. ### Fertilizer Use ### 
609.  
610. # regional # 
611.  
612. swlatex(swout,"\\section{P Fertilizer Use}") 
613. swlatex(swout,"\\subsection{Tables}") 
614. p_fert<-inp(gdx,"ov54_p_fert_reg",as.magpie=T)[,,1] 
615. getNames(p_fert)<-"P-fertilizer (TgP)" 
616. swtable(swout,p_fert,caption="p_fertilizer",transpose=FALSE) 
617. swlatex(swout,"\\subsection{Figures}") 
618. swfigure(swout,scratch_plot,p_fert,legend=TRUE,add=FALSE, 

fig.orientation="landscape",tex_caption="fert_fig") 
619. swlatex(swout,"\\newpage") 
620.  
621. # global # 
622.  
623. swlatex(swout,"\\section{P Fertilizer Use global}") 
624. swlatex(swout,"\\subsection{Tables}") 
625. p_fert_glo<-dimSums(inp(gdx,"ov54_p_fert_reg",as.magpie=T)[,,1], dims=1) 
626. getNames(p_fert_glo)<-"p_fert_glo" 
627. swtable(swout,p_fert_glo,caption="p_fertilizer_glo",transpose=FALSE) 
628. swlatex(swout,"\\subsection{Figures}") 
629. swfigure(swout,scratch_plot,p_fert,legend=TRUE,add=TRUE, 

fig.orientation="landscape",tex_caption="global fertilizer use") 
630. swlatex(swout,"\\newpage") 
631.  
632. ### Harvest ### 
633.  
634. # global # 
635.  
636. swlatex(swout,"\\section{P in Harvest (global)}") 
637. swlatex(swout,"\\subsection{Tables}") 
638. p_in_harvest_glo<-dimSums(harvest(fulldata, nutrient="p"),dims=c(1,3)) 
639. getNames(p_in_harvest_glo)<-"p_in_harvest_glo" 
640. swtable(swout,p_in_harvest_glo,caption="p_in_harvest_glo",transpose=FALSE) 
641. swlatex(swout,"\\subsection{Figures}") 
642. swfigure(swout,scratch_plot,p_in_harvest_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_harvest") 
643. swlatex(swout,"\\newpage") 
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644.  
645. # regional # 
646.  
647. swlatex(swout,"\\section{P in Harvest (regions)}") 
648. swlatex(swout,"\\subsection{Tables}") 
649. p_in_harvest_reg<-dimSums(harvest(fulldata, nutrient="p"),dims=3) 
650. getNames(p_in_harvest_reg)<-"p_in_harvest_reg" 
651. swtable(swout,p_in_harvest_reg,caption="p_in_harvets_reg",transpose=FALSE) 
652. swlatex(swout,"\\subsection{Figures}") 
653. swfigure(swout,scratch_plot,p_in_harvest_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_harvest_reg") 
654. swlatex(swout,"\\newpage") 
655.  
656. ### Different Use (Food, Feed, Bioenergy, Material, Seed) ### 
657.  
658. #  Use global sum # 
659.  
660. swlatex(swout,"\\section{P in use total (global)}") 
661. swlatex(swout,"\\subsection{Tables}") 
662. kcr<-inp(gdx,"kcr") 
663. p_in_use_glo_tot<-dimSums(use(fulldata, nutrient="p")[,,kcr],dims=c(1,3,4)) 
664. getNames(p_in_use_glo_tot)<-"p_in_use_glo_tot" 
665. swtable(swout,p_in_use_glo_tot,caption="p_in_use_glo_tot",transpose=FALSE) 
666. swlatex(swout,"\\subsection{Figures}") 
667. swfigure(swout,scratch_plot,p_in_use_glo_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_use_glo_tot") 
668. swlatex(swout,"\\newpage") 
669.  
670. # use global # 
671.  
672. swlatex(swout,"\\section{P in Use (global)}") 
673. swlatex(swout,"\\subsection{Tables}") 
674. p_in_use_glo<-dimSums(use(fulldata, nutrient="p")[,,kcr],dims=c(1,4)) 
675. swtable(swout,p_in_use_glo,caption="p_in_use_glo",transpose=TRUE) 
676. swlatex(swout,"\\subsection{Figures}") 
677. swfigure(swout,scratch_plot,p_in_use_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_use_glo") 
678. swlatex(swout,"\\newpage") 
679.  
680. # Use regional sum # 
681.  
682. swlatex(swout,"\\section{P in Use (regional)}") 
683. swlatex(swout,"\\subsection{Tables}") 
684. p_in_use_reg<-dimSums(use(fulldata, nutrient="p")[,,kcr],dims=c(3,4)) 
685. p_in_use_reg<-setNames(p_in_use_reg,"Use regional") 
686. swtable(swout,p_in_use_reg,caption="p_in_use_reg",transpose=FALSE) 
687. swlatex(swout,"\\subsection{Figures}") 
688. swfigure(swout,scratch_plot,p_in_use_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_use_reg") 
689. swlatex(swout,"\\newpage") 
690.  
691. ### Feed ### 
692.  
693. # global supply # 
694.  
695. swlatex(swout,"\\section{Feed Total (global supply)}") 
696. swlatex(swout,"\\subsection{Tables}") 
697. feed_glo_supply<-dimSums(feed(fulldata, "p"),dim=1) 
698. swtable(swout,feed_glo_supply,caption="Feed_supply",transpose=TRUE) 
699. swlatex(swout,"\\subsection{Figures}") 
700. swfigure(swout,scratch_plot,feed_glo_supply,legend=TRUE, 

fig.orientation="landscape",tex_caption="Feed_supply") 
701. swlatex(swout,"\\newpage") 
702.  
703. # global sum# 
704.  
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705. swlatex(swout,"\\section{Feed Total (global)}") 
706. swlatex(swout,"\\subsection{Tables}") 
707. feed_glo<-dimSums(feed(fulldata, "p"),dim=c(1,3)) 
708. feed_glo<-setNames(feed_glo,"feed_glo") 
709. swtable(swout,feed_glo,caption="Feed",transpose=FALSE) 
710. swlatex(swout,"\\subsection{Figures}") 
711. swfigure(swout,scratch_plot,feed_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="Feed") 
712. swlatex(swout,"\\newpage") 
713.  
714. # regional sum# 
715.  
716. swlatex(swout,"\\section{Feed Total (regional)}") 
717. swlatex(swout,"\\subsection{Tables}") 
718. feed_reg<-dimSums(feed(fulldata, "p"),dim=3) 
719. feed_reg<-setNames(feed_reg,"Feed_reg") 
720. swtable(swout,feed_reg,caption="Feed_reg",transpose=TRUE) 
721. swlatex(swout,"\\subsection{Figures}") 
722. swfigure(swout,scratch_plot,feed_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="Feed_reg") 
723. swlatex(swout,"\\newpage") 
724.  
725. ### Aboveground residues ### 
726.  
727. # global # 
728.  
729. swlatex(swout,"\\section{P in aboveground residues (global)}") 
730. swlatex(swout,"\\subsection{Tables}") 
731. p_in_ag_res_glo<-dimSums(ag_res(fulldata, nutrient="p"),dims=c(1,3)) 
732. p_in_ag_res_glo<-setNames(p_in_ag_res_glo,"p_in_ag_res_glo") 
733. swtable(swout,p_in_ag_res_glo,caption="p_in_ag_res_glo",transpose=FALSE) 
734. swlatex(swout,"\\subsection{Figures}") 
735. swfigure(swout,scratch_plot,p_in_ag_res_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_ag_res_glo") 
736. swlatex(swout,"\\newpage") 
737.  
738. # regional # 
739.  
740. swlatex(swout,"\\section{P in aboveground residues (regions)}") 
741. swlatex(swout,"\\subsection{Tables}") 
742. p_in_ag_res_reg<-dimSums(ag_res(fulldata, nutrient="p"),dims=3) 
743. p_in_ag_res_reg<-setNames(p_in_ag_res_reg,"p_in_ag_res_reg") 
744. swtable(swout,p_in_ag_res_reg,caption="p_in_ag_res_reg",transpose=FALSE) 
745. swlatex(swout,"\\subsection{Figures}") 
746. swfigure(swout,scratch_plot,p_in_ag_res_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_ag_res_reg") 
747. swlatex(swout,"\\newpage") 
748.  
749. ### Use aboveground residues ### 
750.  
751. # global Use # 
752.  
753. swlatex(swout,"\\section{P in Ag_res_Use nach Verwendungen (global)}") 
754. swlatex(swout,"\\subsection{Tables}") 
755. p_in_ag_res_use_glo<-dimSums(ag_res_use(fulldata, nutrient="p"),dims=c(1,4)) 
756. swtable(swout,p_in_ag_res_use_glo,caption="p_in_ag_res_use_glo",transpose=TR

UE) 
757. swlatex(swout,"\\subsection{Figures}") 
758. swfigure(swout,scratch_plot,p_in_ag_res_use_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_ag_res_use_glo") 
759. swlatex(swout,"\\newpage") 
760.  
761. ### conversion byproducts ### 
762.  
763. # convby_use (feed, waste, processing, food, other) # 
764.  
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765. # convby_use global sum # 
766.  
767. swlatex(swout,"\\section{P in Convby Use Total (global)}") 
768. swlatex(swout,"\\subsection{Tables}") 
769. p_in_convby_use_glo_ges<-dimSums(convby_use(fulldata, "p"), dims =c(1,3)) 
770. p_in_convby_use_glo_ges<-

setNames(p_in_convby_use_glo_ges,"p_in_convby_use_glo_ges") 
771. swtable(swout,p_in_convby_use_glo_ges,caption="p_in_convby_use_glo_ges",tran

spose=FALSE) 
772. swlatex(swout,"\\subsection{Figures}") 
773. swfigure(swout,scratch_plot,p_in_convby_use_glo_ges,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_use_glo_ges") 
774. swlatex(swout,"\\newpage") 
775.  
776. # convby_use regional sum # 
777.  
778. swlatex(swout,"\\section{P in Convby Use Total (regional)}") 
779. swlatex(swout,"\\subsection{Tables}") 
780. p_in_convby_use_reg_ges<-dimSums(convby_use(fulldata, "p"), dims = 3) 
781. p_in_convby_use_reg_ges<-

setNames(p_in_convby_use_reg_ges,"p_in_convby_use_reg_ges") 
782. swtable(swout,p_in_convby_use_reg_ges,caption="p_in_convby_use_reg_ges",tran

spose=FALSE) 
783. swlatex(swout,"\\subsection{Figures}") 
784. swfigure(swout,scratch_plot,p_in_convby_use_reg_ges,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_use_reg_ges") 
785. swlatex(swout,"\\newpage") 
786.  
787. # convby_use global # 
788.  
789. swlatex(swout,"\\section{P in Convby Use nach Verwendungen (global)}") 
790. swlatex(swout,"\\subsection{Tables}") 
791. p_in_convby_use_glo<-dimSums(convby_use(fulldata, "p"), dims = 1) 
792. swtable(swout,p_in_convby_use_glo,caption="p_in_convby_use_glo",transpose=TR

UE) 
793. swlatex(swout,"\\subsection{Figures}") 
794. swfigure(swout,scratch_plot,p_in_convby_use_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_use_glo") 
795. swlatex(swout,"\\newpage") 
796.  
797. # conv_by supply # 
798.  
799. swlatex(swout,"\\section{P in Convby Use Total (regional)}") 
800. swlatex(swout,"\\subsection{Tables}") 
801. p_in_convby_supply<-convby_supply(fulldata, "p") 
802. p_in_convby_supply<-setNames(p_in_convby_supply,"p_in_convby_supply") 
803. swtable(swout,p_in_convby_supply,caption="p_in_convby_supply",transpose=FALS

E) 
804. swlatex(swout,"\\subsection{Figures}") 
805. swfigure(swout,scratch_plot,p_in_convby_supply,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_supply") 
806. swlatex(swout,"\\newpage") 
807.  
808. # convby_products #       ################################# 
809.                           ###   Unterschied zu Use und  ### 
810.                           ###    supply wegenen Trade   ### 
811.                           #################################     
812.  
813. # convby_prod global und gesamt # 
814.  
815. swlatex(swout,"\\section{P in produzierten Convby_products (global)}") 
816. swlatex(swout,"\\subsection{Tables}") 
817. p_in_convby_prod_glo<-colSums(convby_prod(fulldata, "p")) 
818. p_in_convby_prod_glo<-setNames(p_in_convby_prod_glo,"p_in_convby_prod_glo") 
819. swtable(swout,p_in_convby_prod_glo,caption="p_in_convby_prod_glo",transpose=

FALSE) 
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820. swlatex(swout,"\\subsection{Figures}") 
821. swfigure(swout,scratch_plot,p_in_convby_prod_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_prod_glo") 
822. swlatex(swout,"\\newpage") 
823.  
824. # convby_prod regional und gesamt # 
825.  
826. swlatex(swout,"\\section{P in produzierten Convby_products (regional)}") 
827. swlatex(swout,"\\subsection{Tables}") 
828. p_in_convby_prod_reg<-convby_prod(fulldata, "p") 
829. p_in_convby_prod_reg<-setNames(p_in_convby_prod_reg,"p_in_convby_prod_reg") 
830. swtable(swout,p_in_convby_prod_reg,caption="p_in_convby_prod_reg",transpose=

FALSE) 
831. swlatex(swout,"\\subsection{Figures}") 
832. swfigure(swout,scratch_plot,p_in_convby_prod_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_convby_prod_reg") 
833. swlatex(swout,"\\newpage") 
834.  
835. ################################## 
836. ### livestock slaughter weight ### 
837. ################################## 
838.  
839. ################################# 
840. ### slaughter waste and other ### 
841. ################################# 
842.  
843. ############ 
844. ### Food ### 
845. ############ 
846.  
847. ### vegetal products ### 
848.  
849. # vegetal prdoucts global sum # 
850.  
851. swlatex(swout,"\\section{P in vegetal products total (gobal)}") 
852. swlatex(swout,"\\subsection{Tables}") 
853. p_in_vegt_prod_glo_tot<-dimSums(vegetal_products(fulldata, nutri-

ent="p"),dims=c(1,3)) 
854. getNames(p_in_vegt_prod_glo_tot)<-"p_in_vegt_prod_glo_tot" 
855. swtable(swout,p_in_vegt_prod_glo_tot,caption="p_in_vegt_prod_glo_tot",transp

ose=FALSE) 
856. swlatex(swout,"\\subsection{Figures}") 
857. swfigure(swout,scratch_plot,p_in_vegt_prod_glo_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_vegt_prod_glo_tot") 
858. swlatex(swout,"\\newpage") 
859.  
860. # vegetal products regional sum # 
861.  
862. swlatex(swout,"\\section{P in vegetal products total (regional)}") 
863. swlatex(swout,"\\subsection{Tables}") 
864. p_in_vegt_prod_reg<-dimSums(vegetal_products(fulldata, nutrient="p"),dims=3) 
865. p_in_vegt_prod_reg<-setNames(p_in_vegt_prod_reg,"p_in_vegt_prod_reg") 
866. swtable(swout,p_in_vegt_prod_reg,caption="p_in_vegt_prod_reg",transpose=FALS

E) 
867. swlatex(swout,"\\subsection{Figures}") 
868. swfigure(swout,scratch_plot,p_in_vegt_prod_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_vegt_prod_reg") 
869. swlatex(swout,"\\newpage") 
870.  
871. ### livestock products ### 
872.  
873. # global sum # 
874.  
875. swlatex(swout,"\\section{P in Livestock products total (gobal)}") 
876. swlatex(swout,"\\subsection{Tables}") 
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877. p_in_livst_prod_glo_tot<-dimSums(livestock_products(fulldata, nutri-
ent="p"),dims=c(1,3)) 

878. p_in_livst_prod_glo_tot<-
setNames(p_in_livst_prod_glo_tot,"p_in_livst_prod_glo_tot") 

879. swtable(swout,p_in_livst_prod_glo_tot,caption="p_in_livst_prod_glo_tot",tran
spose=FALSE) 

880. swlatex(swout,"\\subsection{Figures}") 
881. swfigure(swout,scratch_plot,p_in_livst_prod_glo_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_livst_prod_glo_tot") 
882. swlatex(swout,"\\newpage") 
883.  
884. # regional sum # 
885.  
886. swlatex(swout,"\\section{P in livestock products total (regional)}") 
887. swlatex(swout,"\\subsection{Tables}") 
888. p_in_livst_prod_reg<-dimSums(livestock_products(fulldata, nutri-

ent="p"),dims=3) 
889. p_in_livst_prod_reg<-setNames(p_in_livst_prod_reg,"p_in_livst_prod_reg") 
890. swtable(swout,p_in_livst_prod_reg,caption="p_in_livst_prod_reg",transpose=FA

LSE) 
891. swlatex(swout,"\\subsection{Figures}") 
892. swfigure(swout,scratch_plot,p_in_livst_prod_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_livst_prod_reg") 
893. swlatex(swout,"\\newpage") 
894.  
895. ### plant products ### 
896.  
897. # global sum # 
898.  
899. swlatex(swout,"\\section{P in plant products total (gobal)}") 
900. swlatex(swout,"\\subsection{Tables}") 
901. p_in_plant_prod_glo_tot<-dimSums(plant_products(fulldata, nutri-

ent="p"),dims=c(1,3)) 
902. p_in_plant_prod_glo_tot<-

setNames(p_in_plant_prod_glo_tot,"p_in_plant_prod_glo_tot") 
903. swtable(swout,p_in_plant_prod_glo_tot,caption="p_in_plant_prod_glo_tot",tran

spose=FALSE) 
904. swlatex(swout,"\\subsection{Figures}") 
905. swfig-

ure(swout,scratch_plot,p_in_plant_prod_glo_tot,legend=TRUE,fig.orientation="
landscape",tex_caption="p_in_plant_prod_glo_tot") 

906. swlatex(swout,"\\newpage") 
907.  
908. # regional sum # 
909.  
910. swlatex(swout,"\\section{P in plant products total (regional)}") 
911. swlatex(swout,"\\subsection{Tables}") 
912. p_in_plant_prod_reg<-dimSums(plant_products(fulldata, nutrient="p"),dims=3) 
913. p_in_plant_prod_reg<-setNames(p_in_plant_prod_reg,"p_in_plant_prod_reg") 
914. swtable(swout,p_in_plant_prod_reg,caption="p_in_plant_prod_reg",transpose=FA

LSE) 
915. swlatex(swout,"\\subsection{Figures}") 
916. swfigure(swout,scratch_plot,p_in_plant_prod_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_plant_prod_reg") 
917. swlatex(swout,"\\newpage") 
918.  
919.  
920. #################### 
921. ###    manure    ### 
922. #################### 
923.  
924. # global sum # 
925.  
926. swlatex(swout,"\\section{P in Manure Total (global)}") 
927. swlatex(swout,"\\subsection{Tables}") 
928. p_in_manure_glo_tot<-dimSums(manure(fulldata, nutrient="p"),dims=c(1,3,4)) 
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929. p_in_manure_glo_tot<-setNames(p_in_manure_glo_tot,"p_in_manure_glo_tot") 
930. swtable(swout,p_in_manure_glo_tot,caption="p_in_manure_glo_tot",transpose=FA

LSE) 
931. swlatex(swout,"\\subsection{Figures}") 
932. swfigure(swout,scratch_plot,p_in_manure_glo_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_manure_glo_tot") 
933. swlatex(swout,"\\newpage") 
934.  
935. # manure use # 
936.  
937. swlatex(swout,"\\section{P in Manure in different use (global)}") 
938. swlatex(swout,"\\subsection{Tables}") 
939. p_in_manure_glo<-dimSums(manure(fulldata, nutrient="p"),dims=c(1,3)) 
940. swtable(swout,p_in_manure_glo,caption="p_in_manure_glo",transpose=TRUE) 
941. swlatex(swout,"\\subsection{Figures}") 
942. swfigure(swout,scratch_plot,p_in_manure_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_manure_glo") 
943. swlatex(swout,"\\newpage") 
944.  
945. # regional sum # 
946.  
947. swlatex(swout,"\\section{P in manure (regions)}") 
948. swlatex(swout,"\\subsection{Tables}") 
949. p_in_manure_reg<-dimSums(manure(fulldata, nutrient="p"),dims=c(3,4)) 
950. p_in_manure_reg<-setNames(p_in_manure_reg,"p_in_manure_reg") 
951. swtable(swout,p_in_manure_reg,caption="p_in_manure_reg",transpose=FALSE) 
952. swlatex(swout,"\\subsection{Figures}") 
953. swfigure(swout,scratch_plot,p_in_manure_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_manure_reg") 
954. swlatex(swout,"\\newpage") 
955.  
956. ### P in slaughter weight ### 
957.  
958. # P in sl_animals global sum # 
959.  
960. swlatex(swout,"\\section{P in Schlachtkörpern total (global)}") 
961. swlatex(swout,"\\subsection{Tables}") 
962. p_in_sl_anim_glo_tot<-dimSums(slaughtered_animals(fulldata, nutri-

ent="p"),dims=c(1,3,4,5)) 
963. p_in_sl_anim_glo_tot<-setNames(p_in_sl_anim_glo_tot,"p_in_sl_anim_glo_tot") 
964. swtable(swout,p_in_sl_anim_glo_tot,caption="p_in_sl_anim_glo_tot",transpose=

FALSE) 
965. swlatex(swout,"\\subsection{Figures}") 
966. swfigure(swout,scratch_plot,p_in_sl_anim_glo_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_sl_anim_glo_tot") 
967. swlatex(swout,"\\newpage") 
968.  
969. #P in sl_animals global # 
970.  
971. swlatex(swout,"\\section{P in Schlachtkörpern nach Verwendung (global)}") 
972. swlatex(swout,"\\subsection{Tables}") 
973. p_in_sl_anim_glo<-dimSums(slaughtered_animals(fulldata, nutri-

ent="p"),dims=c(1,3,5)) 
974. swtable(swout,p_in_sl_anim_glo,caption="p_in_sl_anim_glo",transpose=TRUE) 
975. swlatex(swout,"\\subsection{Figures}") 
976. swfigure(swout,scratch_plot,p_in_sl_anim_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_sl_anim_glo") 
977. swlatex(swout,"\\newpage") 
978.  
979. # P in sl_animals regional sum # 
980.  
981. swlatex(swout,"\\section{P in Schlachtkörpern total (regional)}") 
982. swlatex(swout,"\\subsection{Tables}") 
983. p_in_sl_anim_reg_tot<-dimSums(slaughtered_animals(fulldata, nutri-

ent="p"),dims=c(3,4,5)) 
984. p_in_sl_anim_reg_tot<-setNames(p_in_sl_anim_reg_tot,"p_in_sl_anim_reg_tot") 
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985. swtable(swout,p_in_sl_anim_reg_tot,caption="p_in_sl_anim_reg_tot",transpose=
FALSE) 

986. swlatex(swout,"\\subsection{Figures}") 
987. swfigure(swout,scratch_plot,p_in_sl_anim_reg_tot,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_sl_anim_reg_tot") 
988. swlatex(swout,"\\newpage") 
989.  
990. ### Manure-P recycling on croplands ### 
991.  
992. # Manure Recycling on croplands (global) # 
993.  
994. swlatex(swout,"\\section{P Recycling on cropland (global)}") 
995. swlatex(swout,"\\subsection{Tables}") 
996. p_recycl_on_crpl_glo<-colSums(manure_recycl_cropl(fulldata, nutrient="p")) 
997. swtable(swout,p_recycl_on_crpl_glo,caption="p_recycl_on_crpl_glo",transpose=

FALSE) 
998. swlatex(swout,"\\subsection{Figures}") 
999. swfigure(swout,scratch_plot,p_recycl_on_crpl_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_on_crpl_glo") 
1000. swlatex(swout,"\\newpage") 
1001.  
1002. # Manure Recycling on croplands (regional) # 
1003.  
1004. swlatex(swout,"\\section{P Recycling on croplands (regional)}") 
1005. swlatex(swout,"\\subsection{Tables}") 
1006. p_recycl_on_crpl_reg<-manure_recycl_cropl(fulldata, nutrient="p") 
1007. swtable(swout,p_recycl_on_crpl_reg,caption="p_recycl_on_crpl_reg",transpose=

FALSE) 
1008. swlatex(swout,"\\subsection{Figures}") 
1009. swfigure(swout,scratch_plot,p_recycl_on_crpl_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_on_crpl_reg") 
1010. swlatex(swout,"\\newpage") 
1011.  
1012. ### Manure-P recycling on pasture ### 
1013.  
1014. # Manure P Recycling on pasture (global) # 
1015.  
1016. swlatex(swout,"\\section{P Recycling on Pasture (global)}") 
1017. swlatex(swout,"\\subsection{Tables}") 
1018. p_recycl_on_past_glo<-colSums(manure_recycl_past(fulldata, nutrient="p")) 
1019. swtable(swout,p_recycl_on_past_glo,caption="p_recycl_on_past_glo",transpose=

FALSE) 
1020. swlatex(swout,"\\subsection{Figures}") 
1021. swfigure(swout,scratch_plot,p_recycl_on_past_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_on_past_glo") 
1022. swlatex(swout,"\\newpage") 
1023.  
1024. # Manure P Recycling on Pasture (regional) # 
1025.  
1026. swlatex(swout,"\\section{P Recycling on Pasture (regional)}") 
1027. swlatex(swout,"\\subsection{Tables}") 
1028. p_recycl_on_past_reg<-manure_recycl_past(fulldata, nutrient="p") 
1029. swtable(swout,p_recycl_on_past_reg,caption="p_recycl_on_past_reg",transpose=

FALSE) 
1030. swlatex(swout,"\\subsection{Figures}") 
1031. swfigure(swout,scratch_plot,p_recycl_on_past_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_on_past_reg") 
1032. swlatex(swout,"\\newpage") 
1033. #swclose(swout,clean_output=FALSE) # erhält alle zwischendateien 
1034.  
1035. ### Recycling aboveground residues ### 
1036.  
1037. # ag_residues recycling (global) # 
1038.  
1039. swlatex(swout,"\\section{AG_res Recycling (global)}") 
1040. swlatex(swout,"\\subsection{Tables}") 
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1041. p_recycl_ag_res_glo<-colSums(ag_res_recycle(fulldata, nutrient="p")) 
1042. getNames(p_recycl_ag_res_glo)<-"p_recycl_ag_res_glo" 
1043. swtable(swout,p_recycl_ag_res_glo,caption="p_recycl_ag_res_glo",transpose=FA

LSE) 
1044. swlatex(swout,"\\subsection{Figures}") 
1045. swfigure(swout,scratch_plot,p_recycl_ag_res_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_ag_res_glo") 
1046. swlatex(swout,"\\newpage") 
1047.  
1048. # ag_residues recycling (regional) # 
1049.  
1050. swlatex(swout,"\\section{AG_res Recycling (regional)}") 
1051. swlatex(swout,"\\subsection{Tables}") 
1052. p_recycl_ag_res_reg<-ag_res_recycle(fulldata, nutrient="p") 
1053. p_recycl_ag_res_reg<-setNames(p_recycl_ag_res_reg,"p_recycl_ag_res_reg") 
1054. swtable(swout,p_recycl_ag_res_reg,caption="p_recycl_ag_res_reg",transpose=FA

LSE) 
1055. swlatex(swout,"\\subsection{Figures}") 
1056. swfigure(swout,scratch_plot,p_recycl_ag_res_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_recycl_ag_res_reg") 
1057. swlatex(swout,"\\newpage") 
1058.  
1059. ### Slaughter waste ### 
1060.  
1061. # P in sl_waste (Global) # 
1062.  
1063. swlatex(swout,"\\section{P in slaughter waste (Global)}") 
1064. swlatex(swout,"\\subsection{Tables}") 
1065. p_in_sl_waste_glo<-dimSums(slaughter_waste(fulldata, nutri-

ent="p"),dims=c(1,3)) 
1066. p_in_sl_waste_glo<-setNames(p_in_sl_waste_glo,"p_in_sl_waste_glo") 
1067. swtable(swout,p_in_sl_waste_glo,caption="p_in_sl_waste_glo",transpose=FALSE) 
1068. swlatex(swout,"\\subsection{Figures}") 
1069. swfigure(swout,scratch_plot,p_in_sl_waste_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_sl_waste_glo") 
1070. swlatex(swout,"\\newpage") 
1071.  
1072. # P in sl_waste (regional) # 
1073.  
1074. swlatex(swout,"\\section{P in Slaughter waste (regional)}") 
1075. swlatex(swout,"\\subsection{Tables}") 
1076. p_in_sl_waste_reg<-dimSums(slaughter_waste(fulldata, nutrient="p"),dims=3) 
1077. p_in_sl_waste_reg<-setNames(p_in_sl_waste_reg,"p_in_sl_waste_reg") 
1078. swtable(swout,p_in_sl_waste_reg,caption="p_in_sl_waste_reg",transpose=FALSE) 
1079. swlatex(swout,"\\subsection{Figures}") 
1080. swfigure(swout,scratch_plot,p_in_sl_waste_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_sl_waste_reg") 
1081. swlatex(swout,"\\newpage") 
1082.  
1083. ### plant products ### 
1084.  
1085. # plant_prod_food global # 
1086.  
1087. swlatex(swout,"\\section{P in plant products for fooduse (global)}") 
1088. swlatex(swout,"\\subsection{Tables}") 
1089. p_in_plant_prod_glo<-colSums(plant_products(fulldata, "p")) 
1090. swtable(swout,p_in_plant_prod_glo,caption="p_in_plant_prod_glo",transpose=FA

LSE) 
1091. swlatex(swout,"\\subsection{Figures}") 
1092. swfigure(swout,scratch_plot,p_in_plant_prod_glo,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_plant_prod_glo") 
1093. swlatex(swout,"\\newpage") 
1094.  
1095. # plant_prod regional # 
1096.  
1097. swlatex(swout,"\\section{P in plant products for fooduse (regional)}") 
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1098. swlatex(swout,"\\subsection{Tables}") 
1099. p_in_plant_prod_reg<-plant_products(fulldata, "p") 
1100. swtable(swout,p_in_plant_prod_reg,caption="p_in_plant_prod_reg",transpose=FA

LSE) 
1101. swlatex(swout,"\\subsection{Figures}") 
1102. swfigure(swout,scratch_plot,p_in_plant_prod_reg,legend=TRUE, 

fig.orientation="landscape",tex_caption="p_in_plant_prod_reg") 
1103. swlatex(swout,"\\newpage") 
1104.  
1105. ### P Pools ### 
1106.  
1107. # p pool regional # 
1108.  
1109. swlatex(swout,"\\section{P Pool}") 
1110. swlatex(swout,"\\subsection{Tables}") 
1111. p_pool<-inp(gdx,"p54_p_pool",as.magpie=T) 
1112. p_pool<-setNames(p_pool,"p_pool") 
1113. swtable(swout,p_pool,caption="p_pool",transpose=FALSE) 
1114. swlatex(swout,"\\subsection{Figures}") 
1115. swfigure(swout,scratch_plot,p_pool,legend=TRUE,fig.orientation="landscape", 

tex_caption="p_pool") 
1116. swlatex(swout,"\\subsection{tables}") 
1117. swlatex(swout,"\\newpage") 
1118.  
1119. ### P Pool global ### 
1120.  
1121. swlatex(swout,"\\section{P Pool global}") 
1122. swlatex(swout,"\\subsection{Tables}") 
1123. p_pool_glo<-dimSums(inp(gdx,"p54_p_pool",as.magpie=T),dims=1) 
1124. p_pool_glo<-setNames(p_pool_glo,"p_pool_glo") 
1125. swtable(swout,p_pool_glo,caption="p_pool_glo",transpose=FALSE) 
1126. swlatex(swout,"\\subsection{Figures}") 
1127. swfigure(swout,scratch_plot,p_pool,legend=TRUE,add=TRUE, 

fig.orientation="landscape",tex_caption="p_pool") 
1128. swlatex(swout,"\\subsection{tables}") 
1129. swlatex(swout,"\\newpage") 
1130.  
1131. # Out_2_p_pool # 
1132.  
1133. swlatex(swout,"\\section{Out to P_pool (regional)}") 
1134. swlatex(swout,"\\subsection{Tables}") 
1135. out_2_p_pool<-out_2_pp(fulldata, "p") 
1136. out_2_p_pool<-setNames(out_2_p_pool,"out_2_p_pool") 
1137. swtable(swout,out_2_p_pool,caption="out_2_p_pool",transpose=FALSE) 
1138. swlatex(swout,"\\subsection{Figures}") 
1139. swfig-

ure(swout,scratch_plot,out_2_p_pool,legend=TRUE,fig.orientation="landscape", 
tex_caption="out_2_p_pool") 

1140. swlatex(swout,"\\newpage") 
1141.  
1142. # Out_2_p_pool global# 
1143.  
1144. swlatex(swout,"\\section{Out to P_pool (global)}") 
1145. swlatex(swout,"\\subsection{Tables}") 
1146. out_2_p_pool_glo<-dimSums(out_2_pp(fulldata, "p"), dims=1) 
1147. #getNames(out_2_p_pool_glo)<-"out_2_p_pool_glo" 
1148. out_2_p_pool_glo<-setNames(out_2_p_pool_glo,"out_2_p_pool_glo") 
1149. swtable(swout,out_2_p_pool_glo,caption="out_2_p_pool_glo",transpose=FALSE) 
1150. swlatex(swout,"\\subsection{Figures}") 
1151. #swfig-

ure(swout,scratch_plot,out_2_p_pool_glo,legend=TRUE,fig.orientation="landsca
pe",tex_caption="out_2_p_pool_glo") 

1152. swfigure(swout,scratch_plot,out_2_p_pool,legend=TRUE, 
add=TRUE,fig.orientation="landscape",tex_caption="out_2_p_pool") 

1153. swlatex(swout,"\\newpage") 
1154.  
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1155. ### in_from_p_pool ### 
1156.  
1157. # regional # 
1158.  
1159. swlatex(swout,"\\section{n from P_pool (regional)}") 
1160. swlatex(swout,"\\subsection{Tables}") 
1161. in_from_p_pool<-in_from_pp(fulldata, "p") 
1162. in_from_p_pool<-setNames(in_from_p_pool,"in_from_p_pool") 
1163. swtable(swout,in_from_p_pool,caption="in_from_p_pool",transpose=FALSE) 
1164. swlatex(swout,"\\subsection{Figures}") 
1165. swfig-

ure(swout,scratch_plot,in_from_p_pool,legend=TRUE,fig.orientation="landscape
",tex_caption="in_from_p_pool") 

1166. swlatex(swout,"\\newpage") 
1167.  
1168. # global # 
1169.  
1170. swlatex(swout,"\\section{n from P_pool (global)}") 
1171. swlatex(swout,"\\subsection{Tables}") 
1172. in_from_p_pool_glo<-dimSums(in_from_pp(fulldata, "p"), dims=1) 
1173. in_from_p_pool_glo<-setNames(in_from_p_pool_glo,"in_from_p_pool_glo") 
1174. swtable(swout,in_from_p_pool_glo,caption="in_from_p_pool_glo",transpose=FALS

E) 
1175. swlatex(swout,"\\subsection{Figures}") 
1176. swfigure(swout,scratch_plot,in_from_p_pool,legend=TRUE, 

add=TRUE,fig.orientation="landscape",tex_caption="in_from_p_pool") 
1177. swlatex(swout,"\\newpage") 
1178.  
1179. ################################# 
1180. ### !!! Cropland Bilanzen !!! ### 
1181. ################################# 
1182.  
1183. Harvest<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"harvest"] 
1184. AG_residues<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"ag_residues"] 
1185. Out_to_p_pool<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"out_2_p_pool"] 
1186. In_from_p_pool<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"in_from_p_pool"] 
1187. Fertilizer<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"fix_fertilizer"] 
1188. Manure<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"manure"] 
1189. AG_res_Recycling<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"ag_residues_rec"] 
1190. Seeds<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 

dims=1)[,,"seed"] 
1191. Sum<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, dims=c(1,3)) 
1192. getNames(Sum)<-"SUM" 
1193.  
1194. crplbdgt<-

mbind(Harvest,AG_residues,Out_to_p_pool,In_from_p_pool,Fertilizer,Manure, 
AG_res_Recycling,Seeds,Sum) 

1195.  
1196. swlatex(swout,"\\section{Cropland Budgets}") 
1197. swlatex(swout,"\\subsection{Tables}") 
1198. swtable(swout,crplbdgt,caption="Cropland Budget",transpose=TRUE) 
1199. swlatex(swout,"\\subsection{Figures}") 
1200. swfig-

ure(swout,scratch_plot,crplbdgt,legend=TRUE,fig.orientation="landscape", 
tex_caption="Cropland Budget") 

1201. swlatex(swout,"\\newpage") 
1202.  
1203. # cropland dynamics # 
1204.  
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1205. Harvest<--(dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"harvest"]) 

1206. AG_residues<--(dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"ag_residues"]) 

1207. Fixation<--(dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"out_2_p_pool"]) 

1208. Release<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"in_from_p_pool"] 

1209. Fertilizer<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"fix_fertilizer"] 

1210. Manure<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"manure"] 

1211. AG_res_Recycling<-dimSums(cropland_budget(fulldata, "p"), na.rm = TRUE, 
dims=1)[,,"ag_residues_rec"] 

1212.  
1213. crpldyn<-mbind(Harvest,AG_residues,Fixation,Release,Fertilizer,Manure) 
1214.  
1215. swlatex(swout,"\\section{Cropland Dynamics}") 
1216. swlatex(swout,"\\subsection{Tables}") 
1217. swtable(swout,crpldyn,caption="Cropland Dynamics",transpose=TRUE) 
1218. swlatex(swout,"\\subsection{Figures}") 
1219. swfig-

ure(swout,scratch_plot,crpldyn,legend=TRUE,fig.orientation="landscape",tex_c
aption="Cropland Dynamics") 

1220. swlatex(swout,"\\newpage") 
1221.  
1222. ################################ 
1223. ### Bestimmung von Verlusten ### 
1224. ################################ 
1225.  
1226. swlatex(swout,"\\section{Losses AWMS (regional)}") 
1227. swlatex(swout,"\\subsection{Tables}") 
1228. loss_awms<-losses_awms(fulldata, "p")  
1229. getNames(loss_awms)<-"loss_awms" 
1230. swtable(swout,loss_awms,caption="loss_awms",transpose=FALSE) 
1231. swlatex(swout,"\\subsection{Figures}") 
1232. swfig-

ure(swout,scratch_plot,loss_awms,legend=TRUE,fig.orientation="landscape", 
tex_caption="loss_awms") 

1233. swlatex(swout,"\\newpage") 
1234.  
1235. ### Berechnung losses_material ### 
1236.  
1237. swlatex(swout,"\\section{Losses material (regional)}") 
1238. swlatex(swout,"\\subsection{Tables}") 
1239. loss_mat<-losses_material(fulldata,"p") 
1240. getNames(loss_mat)<-"loss_mat" 
1241. swtable(swout,loss_mat,caption="loss_mat",transpose=FALSE) 
1242. swlatex(swout,"\\subsection{Figures}") 
1243. swfig-

ure(swout,scratch_plot,loss_mat,legend=TRUE,fig.orientation="landscape",tex_
caption="loss_mat") 

1244. swlatex(swout,"\\newpage") 
1245.  
1246. ### Berechnung losses bioenergy #### 
1247.  
1248. swlatex(swout,"\\section{Losses bioenergy (regional)}") 
1249. swlatex(swout,"\\subsection{Tables}") 
1250. loss_bioen<-losses_bioenergy(fulldata,"p") 
1251. getNames(loss_bioen)<-"loss_bioen" 
1252. swtable(swout,loss_bioen,caption="loss_bioen",transpose=FALSE) 
1253. swlatex(swout,"\\subsection{Figures}") 
1254. swfig-

ure(swout,scratch_plot,loss_bioen,legend=TRUE,fig.orientation="landscape",te
x_caption="loss_bioen") 

1255. swlatex(swout,"\\newpage") 
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1256.  
1257. ### Berechnung losses slaughterwaste ### 
1258.  
1259. swlatex(swout,"\\section{Losses Slaughterwaste (regional)}") 
1260. swlatex(swout,"\\subsection{Tables}") 
1261. loss_slw<-losses_slwaste(fulldata, "p") 
1262. getNames(loss_slw)<-"loss_slw" 
1263. swtable(swout,loss_slw,caption="loss_slw",transpose=FALSE) 
1264. swlatex(swout,"\\subsection{Figures}") 
1265. swfig-

ure(swout,scratch_plot,loss_slw,legend=TRUE,fig.orientation="landscape", 
tex_caption="loss_slw") 

1266. swlatex(swout,"\\newpage") 
1267.  
1268. swclose(swout,clean_output=FALSE) # erhält alle zwischendateien 
1269.  
1270. # Berechnung Losses Conversion Byproducts # 
1271.  
1272. swlatex(swout,"\\section{Losses Convby (regional)}") 
1273. swlatex(swout,"\\subsection{Tables}") 
1274. loss_Convby<-losses_convby(fulldata, "p") 
1275. getNames(loss_Convby)<-"loss_Convby" 
1276. swtable(swout,loss_Convby,caption="loss_Convby",transpose=FALSE) 
1277. swlatex(swout,"\\subsection{Figures}") 
1278. swfig-

ure(swout,scratch_plot,loss_Convby,legend=TRUE,fig.orientation="landscape", 
tex_caption="loss_Convby") 

1279. swlatex(swout,"\\newpage") 
1280.  
1281. swclose(swout,clean_output=FALSE) # erhält alle zwischendateien 
1282.  
1283. # Berechnung losses Gesamt # 
1284.  
1285. # losses sum # 
1286.  
1287. swlatex(swout,"\\section{Losses Total (regional)}") 
1288. swlatex(swout,"\\subsection{Tables}") 
1289. loss_ges<-dimSums(losses(fulldata,"p"),dim=1) 
1290. getNames(loss_ges)<-"Losses Gesamt" 
1291. swtable(swout,loss_ges,caption="Losses Gesamt",transpose=TRUE) 
1292. swlatex(swout,"\\subsection{Figures}") 
1293. swfig-

ure(swout,scratch_plot,loss_ges,legend=TRUE,fig.orientation="landscape", 
tex_caption="Losses Gesamt") 

1294. swlatex(swout,"\\newpage") 
1295.  
1296. # losses total sum #  
1297.  
1298. swlatex(swout,"\\section{Losses Total sum (global)}") 
1299. swlatex(swout,"\\subsection{Tables}") 
1300. loss_ges_sum<-dimSums(losses(fulldata,"p"),dim=c(1,3)) 
1301. getNames(loss_ges_sum)<-"Losses Gesamt Sum" 
1302. swtable(swout,loss_ges_sum,caption="Losses Gesamt Sum",transpose=FALSE) 
1303. swlatex(swout,"\\subsection{Figures}") 
1304. swfigure(swout,scratch_plot,loss_ges_sum,legend=TRUE, 

fig.orientation="landscape",tex_caption="Losses Gesamt Sum") 
1305. swlatex(swout,"\\newpage") 
1306.  
1307. # Berechnung der Animal Bilanzen # 
1308.  
1309. animbdgt<-livestock_budget(gdx) 
1310.  
1311. swlatex(swout,"\\section{Animal Budgets}") 
1312. swlatex(swout,"\\subsection{Tables}") 
1313. animbudget_sum<-dimSums(livestock_budget(fulldata,"p"),dim=1) 
1314. swtable(swout,animbudget_sum,caption="Animal Budget",transpose=TRUE) 
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1315. swlatex(swout,"\\subsection{Figures}") 
1316. swfigure(swout,scratch_plot,animbudget_sum,legend=TRUE, 

fig.orientation="landscape",tex_caption="Animal Budget") 
1317. swlatex(swout,"\\newpage") 
1318.  
1319. ### pdf export schließen ### 
1320.  
1321. swclose(swout,clean_output=FALSE) # erhält alle zwischendateien 
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1 P Fertilizer Use

1.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.27 1.05 2.31 3.32 6.88 3.98 6.16 7.13

CPA.2 4.03 5.62 4.45 5.26 7.97 4.38 10.09 2.42

EUR.3 2.14 2.46 2.04 2.03 1.79 1.29 1.73 1.55

FSU.4 0.33 0.05 0.82 0.76 1.06 0.18 0.84 0.62

LAM.5 1.10 2.14 2.05 2.99 7.25 1.52 2.12 3.29

MEA.6 0.47 0.69 0.55 0.76 0.99 0.51 0.85 0.31

NAM.7 2.08 3.70 3.45 3.75 3.34 2.15 2.87 2.90

PAO.8 0.87 0.76 0.32 0.31 0.41 0.25 0.19 0.33

PAS.9 0.62 0.85 0.82 0.76 1.09 0.62 0.22 0.59

SAS.10 1.60 2.74 2.89 3.67 5.86 2.84 4.51 4.02

Table 1: p fertilizer
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2 P Fertilizer Use global

2.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 13.51 20.06 19.70 23.60 36.64 17.71 29.59 23.17

Table 2: p fertilizer glo

2.2 Figures
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Figure 2: global fertilizer use
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3 P in Harvest (global)

3.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 13.05 14.26 15.60 17.40 20.72 23.61 26.36 28.89

Table 3: p in harvest glo
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4 P in Harvest (regions)

4.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.61 0.72 0.95 1.27 2.04 2.85 3.65 4.70

CPA.2 2.34 2.68 2.99 3.46 4.37 5.17 6.34 6.67

EUR.3 2.16 2.24 2.31 2.39 2.42 2.41 2.43 2.41

FSU.4 1.05 1.00 1.08 1.13 1.23 1.23 1.23 1.25

LAM.5 1.16 1.33 1.47 1.69 2.28 2.85 3.24 3.90

MEA.6 0.38 0.43 0.48 0.57 0.68 0.80 0.92 0.97

NAM.7 2.78 3.06 3.27 3.49 3.57 3.56 3.53 3.55

PAO.8 0.42 0.42 0.43 0.45 0.48 0.51 0.50 0.50

PAS.9 0.53 0.58 0.63 0.67 0.77 0.87 0.84 0.85

SAS.10 1.62 1.80 1.98 2.28 2.86 3.36 3.69 4.08

Table 4: p in harvets reg
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5 P in use total (global)

5.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 13.04 14.26 15.59 17.40 20.72 23.61 26.36 28.89

Table 5: p in use glo tot
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6 P in Use (global)

6.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

food 6.27 6.79 7.30 7.76 8.69 9.56 10.33 10.97

material 1.44 1.57 1.70 1.83 2.09 2.33 2.51 2.66

feed 4.90 5.33 5.84 6.81 8.85 10.77 12.40 13.63

bioenergy 0.01 0.13 0.27 0.45 0.42 0.18 0.25 0.69

seed 0.42 0.45 0.49 0.55 0.67 0.77 0.86 0.94

Table 6: p in use glo

6.2 Figures
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7 P in Use (regional)

7.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.66 0.77 0.93 1.12 1.60 2.21 2.93 3.85

CPA.2 2.44 2.80 3.13 3.70 4.77 5.40 6.00 6.38

EUR.3 2.18 2.27 2.36 2.45 2.49 2.42 2.46 2.38

FSU.4 1.17 1.06 1.16 1.20 1.27 1.30 1.27 1.18

LAM.5 1.07 1.23 1.37 1.57 2.14 2.81 3.46 4.03

MEA.6 0.68 0.78 0.87 1.02 1.22 1.46 1.66 1.83

NAM.7 2.05 2.30 2.45 2.58 2.51 2.33 2.31 2.28

PAO.8 0.50 0.50 0.51 0.53 0.55 0.57 0.56 0.56

PAS.9 0.64 0.70 0.78 0.87 1.14 1.44 1.46 1.63

SAS.10 1.65 1.84 2.04 2.38 3.03 3.68 4.25 4.79

Table 7: p in use reg
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Figure 7: p in use reg
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8 Feed Total (global supply)

8.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

concentrate 2.83 3.18 3.58 4.41 6.15 7.70 8.95 9.72

fodder 2.08 2.14 2.26 2.40 2.70 3.07 3.45 3.91

pasture 12.33 13.68 14.88 16.65 19.36 21.30 22.18 22.40

residues 1.76 1.98 2.21 2.55 2.98 3.30 3.59 3.53

convby 2.07 2.29 2.49 2.67 3.03 3.36 3.64 3.86

scavenging 1.27 1.56 1.87 2.43 3.02 3.17 3.00 2.74

Table 8: Feed supply
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9 Feed Total (global)

9.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 22.33 24.84 27.28 31.10 37.24 41.90 44.81 46.16

Table 9: Feed
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10 Feed Total (regional)

10.1 Tables

AFR.1 CPA.2 EUR.3 FSU.4 LAM.5 MEA.6 NAM.7 PAO.8 PAS.9 SAS.10

y1995 2.25 2.24 2.93 1.57 4.60 0.63 2.26 0.98 0.57 4.29

y2000 2.50 2.83 2.97 1.37 5.15 0.74 2.42 0.98 0.62 5.26

y2005 2.87 3.27 2.99 1.48 5.34 0.82 2.53 0.99 0.68 6.30

y2010 3.24 4.16 3.01 1.52 5.72 0.96 2.52 1.01 0.77 8.20

y2020 4.09 5.59 3.01 1.61 6.60 1.14 2.39 1.02 1.06 10.72

y2030 5.21 6.11 2.95 1.64 7.79 1.36 2.25 1.01 1.38 12.19

y2040 6.45 6.39 2.79 1.62 8.66 1.54 2.03 0.97 1.35 13.01

y2050 7.48 6.70 2.58 1.44 8.61 1.65 1.80 0.92 1.49 13.50

Table 10: Feed reg
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11 P in aboveground residues (global)

11.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 6.60 7.05 7.58 8.38 10.31 11.69 12.23 12.54

Table 11: p in ag res glo
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12 P in aboveground residues (regions)

12.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.50 0.56 0.68 0.86 1.29 1.73 2.00 2.33

CPA.2 1.03 1.13 1.22 1.35 1.62 1.94 2.43 2.58

EUR.3 0.86 0.89 0.92 0.95 0.96 0.96 0.94 0.94

FSU.4 0.49 0.46 0.49 0.50 0.53 0.51 0.52 0.52

LAM.5 0.89 0.98 1.06 1.27 2.06 2.42 2.09 1.75

MEA.6 0.18 0.19 0.20 0.23 0.27 0.30 0.33 0.34

NAM.7 1.03 1.12 1.19 1.27 1.34 1.38 1.39 1.42

PAO.8 0.17 0.17 0.18 0.18 0.20 0.21 0.21 0.22

PAS.9 0.37 0.39 0.40 0.42 0.45 0.49 0.48 0.48

SAS.10 1.08 1.17 1.24 1.34 1.59 1.73 1.85 1.97

Table 12: p in ag res reg
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13 P in Ag res Use nach Verwendungen (global)

13.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

recycle 3.05 3.17 3.37 3.68 4.83 5.73 6.05 6.53

feed 1.76 1.98 2.21 2.55 2.98 3.30 3.59 3.53

burn 1.40 1.48 1.57 1.70 2.02 2.21 2.22 2.18

bioenergy 0.40 0.42 0.43 0.44 0.48 0.45 0.38 0.30

Table 13: p in ag res use glo
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14 P in Convby Use Total (global)

14.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 2.59 2.81 3.01 3.19 3.55 3.88 4.16 4.38

Table 14: p in convby use glo ges
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15 P in Convby Use Total (regional)

15.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.08 0.10 0.11 0.13 0.13 0.15 0.20 0.16

CPA.2 0.50 0.53 0.56 0.60 0.64 0.68 0.71 0.73

EUR.3 0.56 0.57 0.57 0.57 0.55 0.54 0.46 0.45

FSU.4 0.11 0.11 0.13 0.13 0.14 0.15 0.16 0.17

LAM.5 0.27 0.32 0.37 0.40 0.51 0.60 0.71 0.79

MEA.6 0.09 0.11 0.12 0.14 0.17 0.20 0.24 0.27

NAM.7 0.35 0.39 0.41 0.43 0.43 0.42 0.40 0.37

PAO.8 0.09 0.10 0.09 0.10 0.11 0.12 0.13 0.14

PAS.9 0.20 0.22 0.24 0.26 0.31 0.35 0.38 0.41

SAS.10 0.32 0.36 0.40 0.43 0.55 0.66 0.78 0.89

Table 15: p in convby use reg ges
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16 P in Convby Use nach Verwendungen (global)

16.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

feed 2.07 2.29 2.49 2.67 3.03 3.36 3.64 3.86

waste 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

processing 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21

food 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19

other util 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

Table 16: p in convby use glo
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17 P in Convby Use Total (regional)

17.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.08 0.10 0.11 0.13 0.13 0.15 0.20 0.16

CPA.2 0.50 0.53 0.56 0.60 0.64 0.68 0.71 0.73

EUR.3 0.56 0.57 0.57 0.57 0.55 0.54 0.46 0.45

FSU.4 0.11 0.11 0.13 0.13 0.14 0.15 0.16 0.17

LAM.5 0.27 0.32 0.37 0.40 0.51 0.60 0.71 0.79

MEA.6 0.09 0.11 0.12 0.14 0.17 0.20 0.24 0.27

NAM.7 0.35 0.39 0.41 0.43 0.43 0.42 0.40 0.37

PAO.8 0.09 0.10 0.09 0.10 0.11 0.12 0.13 0.14

PAS.9 0.20 0.22 0.24 0.26 0.31 0.35 0.38 0.41

SAS.10 0.32 0.36 0.40 0.43 0.55 0.66 0.78 0.89

Table 17: p in convby supply
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Figure 17: p in convby supply
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18 P in produzierten Convby products (global)

18.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 2.59 2.81 3.01 3.19 3.55 3.88 4.16 4.38

Table 18: p in convby prod glo
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19 P in produzierten Convby products (regional)

19.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.09 0.10 0.12 0.14 0.18 0.23 0.28 0.32

CPA.2 0.49 0.51 0.54 0.56 0.57 0.58 0.57 0.56

EUR.3 0.36 0.38 0.40 0.41 0.44 0.47 0.49 0.51

FSU.4 0.11 0.11 0.12 0.12 0.13 0.13 0.13 0.13

LAM.5 0.43 0.47 0.52 0.55 0.62 0.67 0.72 0.75

MEA.6 0.07 0.08 0.09 0.10 0.12 0.14 0.15 0.16

NAM.7 0.40 0.45 0.47 0.50 0.57 0.63 0.69 0.74

PAO.8 0.08 0.08 0.08 0.08 0.09 0.09 0.10 0.10

PAS.9 0.18 0.20 0.22 0.24 0.27 0.29 0.31 0.32

SAS.10 0.37 0.41 0.44 0.48 0.57 0.65 0.72 0.78

Table 19: p in convby prod reg
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Figure 19: p in convby prod reg
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20 P in vegetal products total (gobal)

20.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 6.27 6.79 7.30 7.76 8.69 9.56 10.33 10.97

Table 20: p in vegt prod glo tot
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21 P in vegetal products total (regional)

21.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.47 0.55 0.65 0.75 0.97 1.21 1.45 1.69

CPA.2 1.48 1.55 1.62 1.65 1.65 1.64 1.63 1.60

EUR.3 0.72 0.75 0.78 0.81 0.87 0.92 0.98 1.02

FSU.4 0.29 0.29 0.32 0.32 0.32 0.32 0.32 0.32

LAM.5 0.53 0.58 0.63 0.68 0.75 0.82 0.87 0.90

MEA.6 0.41 0.46 0.51 0.56 0.66 0.75 0.83 0.88

NAM.7 0.51 0.57 0.60 0.63 0.72 0.81 0.90 0.97

PAO.8 0.17 0.17 0.17 0.17 0.19 0.20 0.20 0.21

PAS.9 0.45 0.50 0.54 0.58 0.66 0.72 0.76 0.79

SAS.10 1.24 1.36 1.47 1.61 1.90 2.16 2.39 2.57

Table 21: p in vegt prod reg
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Figure 21: p in vegt prod reg
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22 P in Livestock products total (gobal)

22.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 1.79 2.00 2.20 2.56 3.25 3.84 4.29 4.63

Table 22: p in livst prod glo tot
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23 P in livestock products total (regional)

23.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.07 0.08 0.10 0.13 0.20 0.32 0.48 0.69

CPA.2 0.33 0.42 0.50 0.66 0.96 1.12 1.11 1.02

EUR.3 0.40 0.41 0.42 0.43 0.44 0.44 0.43 0.40

FSU.4 0.13 0.12 0.13 0.14 0.17 0.19 0.19 0.19

LAM.5 0.23 0.27 0.29 0.33 0.41 0.48 0.53 0.57

MEA.6 0.07 0.08 0.09 0.11 0.15 0.21 0.26 0.30

NAM.7 0.29 0.32 0.34 0.35 0.34 0.33 0.32 0.30

PAO.8 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06

PAS.9 0.07 0.07 0.08 0.10 0.15 0.20 0.25 0.30

SAS.10 0.14 0.16 0.19 0.24 0.35 0.49 0.64 0.79

Table 23: p in livst prod reg
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Figure 23: p in livst prod reg
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24 P in Manure Total (global)

24.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 19.75 21.98 24.14 27.48 32.69 36.53 38.83 39.72

Table 24: p in manure glo tot

24.2 Figures

20
25

30
35

40

year

p_
in
_m

an
ur
e_
gl
o_
to
t

1995 2000 2005 2010 2020 2030 2040 2050

●

●

●

●

●

●

●

●

Figure 24: p in manure glo tot

29



25 P in Manure in different use (global)

25.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

grazing pasture 10.45 11.58 12.59 14.17 16.86 18.90 19.85 20.19

grazing cropland 0.41 0.44 0.47 0.49 0.46 0.42 0.36 0.27

fuel 2.14 2.54 2.92 3.52 3.82 3.54 3.04 2.46

confinement 6.76 7.42 8.16 9.30 11.55 13.67 15.58 16.79

Table 25: p in manure glo
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26 P in manure (regions)

26.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 2.16 2.39 2.74 3.07 3.84 4.85 5.94 6.78

CPA.2 1.82 2.29 2.65 3.34 4.44 4.81 4.93 5.10

EUR.3 2.33 2.35 2.37 2.39 2.39 2.35 2.22 2.06

FSU.4 1.35 1.18 1.27 1.30 1.37 1.39 1.37 1.21

LAM.5 4.26 4.75 4.91 5.22 5.94 6.93 7.65 7.63

MEA.6 0.56 0.65 0.71 0.84 0.98 1.16 1.30 1.39

NAM.7 1.83 1.96 2.04 2.02 1.91 1.79 1.61 1.41

PAO.8 0.87 0.87 0.88 0.89 0.89 0.88 0.83 0.78

PAS.9 0.49 0.52 0.56 0.61 0.78 0.97 1.00 1.07

SAS.10 4.10 5.03 6.01 7.81 10.13 11.39 11.98 12.29

Table 26: p in manure reg
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27 P in Schlachtkörpern total (global)

27.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 2.58 2.86 3.14 3.62 4.56 5.37 5.98 6.44

Table 27: p in sl anim glo tot
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28 P in Schlachtkörpern nach Verwendung (global)

28.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

livst rum 0.82 0.91 0.99 1.13 1.41 1.69 1.95 2.19

livst pig 0.56 0.65 0.72 0.86 1.13 1.30 1.35 1.33

livst chick 0.47 0.53 0.58 0.66 0.83 0.96 1.06 1.12

livst egg 0.09 0.11 0.12 0.14 0.19 0.22 0.24 0.24

livst milk 0.63 0.67 0.73 0.82 1.01 1.20 1.39 1.55

Table 28: p in sl anim glo
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29 P in Schlachtkörpern total (regional)

29.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.10 0.12 0.14 0.18 0.28 0.43 0.66 0.93

CPA.2 0.42 0.55 0.65 0.86 1.26 1.49 1.51 1.41

EUR.3 0.58 0.59 0.60 0.62 0.64 0.64 0.62 0.59

FSU.4 0.24 0.21 0.23 0.25 0.28 0.31 0.31 0.31

LAM.5 0.34 0.40 0.43 0.48 0.59 0.69 0.77 0.82

MEA.6 0.09 0.11 0.13 0.15 0.21 0.28 0.35 0.41

NAM.7 0.42 0.46 0.49 0.51 0.51 0.50 0.48 0.46

PAO.8 0.10 0.10 0.10 0.10 0.11 0.11 0.10 0.09

PAS.9 0.09 0.10 0.12 0.14 0.21 0.30 0.36 0.42

SAS.10 0.19 0.22 0.26 0.32 0.46 0.64 0.82 1.00

Table 29: p in sl anim reg tot

29.2 Figures

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

year

p_
in
_s
l_
an
im
_r
eg
_t
ot

1995 2000 2005 2010 2020 2030 2040 2050

●
●

●

●

●

●

●

●

● ● ●
●

●

●

●

●

● ● ● ● ● ● ● ●

●
●

● ● ● ● ●
●

●
● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

● ●
●

● ● ●

● ● ● ●
● ● ●

●

●

●

●

●

●

●
●

●

● ●
●

●

●

●

●

●

AFR CPA EUR FSU LAM
MEA NAM PAO PAS SAS

Figure 29: p in sl anim reg tot

34



30 P Recycling on cropland (global)

30.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 5.85 6.46 7.05 7.88 9.34 10.56 11.54 11.94

Table 30: p recycl on crpl glo
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31 P Recycling on croplands (regional)

31.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.28 0.33 0.39 0.44 0.61 0.85 1.16 1.45

CPA.2 0.79 1.02 1.21 1.56 2.17 2.43 2.63 2.70

EUR.3 0.85 0.86 0.86 0.87 0.86 0.83 0.78 0.71

FSU.4 0.63 0.55 0.59 0.60 0.63 0.63 0.59 0.52

LAM.5 0.72 0.85 0.94 1.10 1.37 1.78 2.17 2.15

MEA.6 0.24 0.28 0.31 0.38 0.44 0.52 0.58 0.63

NAM.7 1.06 1.13 1.17 1.13 1.03 0.91 0.80 0.70

PAO.8 0.26 0.26 0.26 0.27 0.28 0.28 0.27 0.26

PAS.9 0.20 0.22 0.23 0.25 0.34 0.44 0.45 0.50

SAS.10 0.81 0.94 1.08 1.27 1.62 1.89 2.11 2.32

Table 31: p recycl on crpl reg
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Figure 31: p recycl on crpl reg
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32 P Recycling on Pasture (global)

32.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 0.60 0.70 0.81 1.05 1.63 2.32 3.05 3.71

Table 32: p recycl on past glo
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33 P Recycling on Pasture (regional)

33.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.00 0.00 0.01 0.03 0.07 0.15 0.27 0.42

CPA.2 0.00 0.02 0.04 0.10 0.27 0.45 0.64 0.80

EUR.3 0.44 0.44 0.44 0.45 0.44 0.43 0.40 0.36

FSU.4 0.00 0.01 0.02 0.04 0.08 0.12 0.15 0.16

LAM.5 0.00 0.01 0.03 0.07 0.17 0.33 0.52 0.63

MEA.6 0.00 0.00 0.01 0.03 0.06 0.10 0.14 0.19

NAM.7 0.16 0.18 0.21 0.23 0.26 0.27 0.27 0.26

PAO.8 0.00 0.00 0.01 0.02 0.04 0.05 0.07 0.08

PAS.9 0.00 0.00 0.01 0.02 0.04 0.08 0.11 0.15

SAS.10 0.00 0.01 0.03 0.08 0.19 0.33 0.49 0.66

Table 33: p recycl on past reg
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Figure 33: p recycl on past reg
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34 AG res Recycling (global)

34.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 4.44 4.65 4.94 5.39 6.86 7.94 8.26 8.71

Table 34: p recycl ag res glo
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35 AG res Recycling (regional)

35.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.24 0.28 0.36 0.51 0.85 1.18 1.34 1.63

CPA.2 0.50 0.50 0.53 0.57 0.76 1.11 1.63 1.85

EUR.3 0.81 0.84 0.87 0.91 0.92 0.92 0.90 0.91

FSU.4 0.44 0.42 0.45 0.46 0.49 0.48 0.48 0.49

LAM.5 0.50 0.56 0.61 0.72 1.45 1.73 1.35 1.16

MEA.6 0.11 0.11 0.12 0.14 0.18 0.21 0.24 0.25

NAM.7 1.00 1.09 1.15 1.23 1.29 1.34 1.35 1.38

PAO.8 0.17 0.17 0.17 0.18 0.19 0.20 0.20 0.21

PAS.9 0.30 0.31 0.33 0.34 0.37 0.40 0.40 0.41

SAS.10 0.37 0.36 0.34 0.32 0.36 0.37 0.38 0.41

Table 35: p recycl ag res reg
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Figure 35: p recycl ag res reg
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36 P in slaughter waste (Global)

36.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 0.50 0.56 0.61 0.71 0.89 1.05 1.18 1.27

Table 36: p in sl waste glo
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37 P in Slaughter waste (regional)

37.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.02 0.03 0.03 0.04 0.07 0.10 0.15 0.22

CPA.2 0.08 0.11 0.13 0.17 0.25 0.29 0.29 0.27

EUR.3 0.10 0.10 0.10 0.10 0.11 0.11 0.10 0.10

FSU.4 0.04 0.03 0.04 0.04 0.05 0.05 0.06 0.06

LAM.5 0.08 0.09 0.10 0.11 0.14 0.16 0.18 0.19

MEA.6 0.02 0.02 0.03 0.03 0.05 0.06 0.08 0.09

NAM.7 0.09 0.10 0.11 0.11 0.11 0.11 0.10 0.10

PAO.8 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

PAS.9 0.02 0.02 0.02 0.03 0.04 0.06 0.07 0.08

SAS.10 0.03 0.03 0.04 0.05 0.07 0.09 0.12 0.15

Table 37: p in sl waste reg
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Figure 37: p in sl waste reg
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38 P in plant products for fooduse (global)

38.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 3.68 3.98 4.29 4.57 5.14 5.68 6.17 6.59

Table 38: p in plant prod glo
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39 P in plant products for fooduse (regional)

39.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.39 0.45 0.53 0.61 0.78 0.98 1.18 1.37

CPA.2 0.99 1.04 1.08 1.09 1.08 1.06 1.06 1.04

EUR.3 0.35 0.37 0.39 0.40 0.43 0.46 0.49 0.51

FSU.4 0.18 0.18 0.20 0.20 0.20 0.19 0.19 0.20

LAM.5 0.10 0.11 0.12 0.12 0.13 0.14 0.15 0.16

MEA.6 0.34 0.38 0.42 0.46 0.54 0.61 0.68 0.72

NAM.7 0.10 0.12 0.12 0.13 0.16 0.18 0.20 0.23

PAO.8 0.09 0.09 0.09 0.09 0.10 0.10 0.11 0.11

PAS.9 0.27 0.30 0.32 0.35 0.39 0.42 0.45 0.46

SAS.10 0.87 0.95 1.03 1.13 1.33 1.51 1.67 1.79

Table 39: p in plant prod reg
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Figure 39: p in plant prod reg
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40 P Pool

40.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 27.71 29.74 37.02 47.92 98.67 113.91 145.25 178.58

CPA.2 69.03 86.09 96.51 109.99 160.57 170.46 228.43 208.11

EUR.3 66.71 72.23 75.30 77.97 80.55 77.99 79.18 78.06

FSU.4 34.68 32.96 34.92 36.36 41.68 38.02 40.69 40.20

LAM.5 47.08 53.42 58.92 68.35 126.22 124.41 128.06 138.17

MEA.6 11.59 14.01 15.59 18.13 24.88 26.47 31.04 30.27

NAM.7 88.45 97.39 104.23 111.33 119.42 114.73 116.60 117.55

PAO.8 10.56 13.58 14.36 15.02 17.02 17.18 16.75 17.52

PAS.9 20.31 22.48 24.26 25.62 31.40 32.63 30.38 32.30

SAS.10 62.85 68.58 74.39 83.06 118.10 119.54 135.68 144.51

Table 40: p pool
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Figure 40: p pool
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41 P Pool global

41.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 438.98 490.48 535.49 593.73 818.51 835.34 952.04 985.26

Table 41: p pool glo
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42 Out to P pool (regional)

42.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.63 1.33 2.45 3.41 6.67 4.81 6.93 8.18

CPA.2 4.25 5.71 4.95 5.91 8.72 6.34 11.48 5.58

EUR.3 3.04 3.33 3.02 3.04 2.86 2.43 2.72 2.53

FSU.4 1.12 0.81 1.49 1.45 1.74 1.02 1.53 1.31

LAM.5 1.86 2.84 2.88 3.85 8.07 4.03 4.51 5.28

MEA.6 0.65 0.87 0.78 1.03 1.28 0.99 1.34 0.96

NAM.7 3.32 4.74 4.61 4.89 4.52 3.51 4.01 3.98

PAO.8 1.04 0.96 0.61 0.61 0.70 0.58 0.53 0.64

PAS.9 0.90 1.11 1.11 1.08 1.43 1.17 0.86 1.20

SAS.10 2.22 3.24 3.45 4.21 6.27 4.08 5.60 5.41

Table 42: out 2 p pool
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Figure 42: out 2 p pool
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43 Out to P pool (global)

43.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 19.04 24.93 25.35 29.50 42.27 28.97 39.52 35.06

Table 43: out 2 p pool glo
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Figure 43: out 2 p pool
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44 n from P pool (regional)

44.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.93 0.92 0.99 1.23 1.60 3.29 3.80 4.84

CPA.2 2.23 2.30 2.87 3.22 3.67 5.35 5.68 7.61

EUR.3 2.20 2.22 2.41 2.51 2.60 2.68 2.60 2.64

FSU.4 1.16 1.16 1.10 1.16 1.21 1.39 1.27 1.36

LAM.5 1.56 1.57 1.78 1.96 2.28 4.21 4.15 4.27

MEA.6 0.38 0.39 0.47 0.52 0.60 0.83 0.88 1.03

NAM.7 2.94 2.95 3.25 3.47 3.71 3.98 3.82 3.89

PAO.8 0.33 0.35 0.45 0.48 0.50 0.57 0.57 0.56

PAS.9 0.67 0.68 0.75 0.81 0.85 1.05 1.09 1.01

SAS.10 2.09 2.10 2.29 2.48 2.77 3.94 3.98 4.52

Table 44: in from p pool
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45 n from P pool (global)

45.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 14.48 14.63 16.35 17.85 19.79 27.28 27.84 31.73

Table 45: in from p pool glo
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Figure 45: in from p pool
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46 Cropland Budgets

46.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

harvest -13.05 -14.26 -15.60 -17.40 -20.72 -23.61 -26.36 -28.89

ag residues -6.60 -7.05 -7.58 -8.38 -10.31 -11.69 -12.23 -12.54

out 2 p pool -19.04 -24.93 -25.35 -29.50 -42.27 -28.97 -39.52 -35.06

in from p pool 14.48 14.63 16.35 17.85 19.79 27.28 27.84 31.73

fix fertilizer 13.51 20.06 19.70 23.60 36.64 17.71 29.59 23.17

manure 5.85 6.46 7.05 7.88 9.34 10.56 11.54 11.94

ag residues rec 4.44 4.65 4.94 5.39 6.86 7.94 8.26 8.71

seed 0.42 0.45 0.49 0.55 0.67 0.77 0.86 0.94

SUM 0.00 -0.00 0.00 0.00 -0.00 -0.00 0.00 -0.00

Table 46: Cropland Budget
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Figure 46: Cropland Budget
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47 Cropland Dynamics

47.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

harvest 13.05 14.26 15.60 17.40 20.72 23.61 26.36 28.89

ag residues 6.60 7.05 7.58 8.38 10.31 11.69 12.23 12.54

out 2 p pool 19.04 24.93 25.35 29.50 42.27 28.97 39.52 35.06

in from p pool 14.48 14.63 16.35 17.85 19.79 27.28 27.84 31.73

fix fertilizer 13.51 20.06 19.70 23.60 36.64 17.71 29.59 23.17

manure 5.85 6.46 7.05 7.88 9.34 10.56 11.54 11.94

Table 47: Cropland Dynamics

47.2 Figures
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Figure 47: Cropland Dynamics
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48 Losses AWMS (regional)

48.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.03 0.01 0.01 0.02 0.04 0.07 0.11 0.15

CPA.2 0.07 0.09 0.11 0.15 0.23 0.27 0.31 0.32

EUR.3 0.13 0.12 0.12 0.12 0.12 0.11 0.10 0.09

FSU.4 0.07 0.06 0.06 0.06 0.07 0.07 0.07 0.06

LAM.5 0.08 0.07 0.08 0.09 0.13 0.18 0.23 0.24

MEA.6 0.03 0.03 0.03 0.04 0.05 0.06 0.07 0.07

NAM.7 0.17 0.18 0.18 0.17 0.15 0.13 0.11 0.10

PAO.8 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

PAS.9 0.02 0.02 0.02 0.03 0.04 0.05 0.05 0.06

SAS.10 0.09 0.09 0.11 0.13 0.18 0.22 0.25 0.28

Table 48: loss awms
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Figure 48: loss awms
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49 Losses material (regional)

49.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.10 0.12 0.14 0.16 0.21 0.26 0.32 0.39

CPA.2 0.36 0.39 0.42 0.45 0.50 0.53 0.53 0.51

EUR.3 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30

FSU.4 0.11 0.11 0.12 0.12 0.13 0.13 0.13 0.13

LAM.5 0.16 0.18 0.19 0.21 0.24 0.26 0.28 0.30

MEA.6 0.10 0.11 0.12 0.13 0.16 0.19 0.21 0.23

NAM.7 0.21 0.24 0.25 0.26 0.29 0.32 0.34 0.36

PAO.8 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05

PAS.9 0.10 0.11 0.12 0.13 0.15 0.16 0.18 0.19

SAS.10 0.22 0.24 0.27 0.30 0.36 0.42 0.47 0.52

Table 49: loss mat

49.2 Figures

0.
1

0.
2

0.
3

0.
4

0.
5

year

lo
ss
_m

at

1995 2000 2005 2010 2020 2030 2040 2050

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

● ● ● ● ● ● ● ●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●
●

● ●
● ● ● ● ● ●

●
●

●
●

●
●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

AFR CPA EUR FSU LAM
MEA NAM PAO PAS SAS

Figure 49: loss mat
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50 Losses bioenergy (regional)

50.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.05 0.05 0.06 0.07 0.09 0.09 0.09 0.12

CPA.2 0.10 0.11 0.13 0.13 0.12 0.11 0.11 0.10

EUR.3 0.00 0.04 0.08 0.13 0.09 0.00 0.00 0.00

FSU.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAM.5 0.10 0.11 0.12 0.14 0.26 0.29 0.30 0.67

MEA.6 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01

NAM.7 0.00 0.07 0.14 0.25 0.18 0.00 0.01 0.01

PAO.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PAS.9 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.02

SAS.10 0.11 0.11 0.11 0.11 0.11 0.09 0.08 0.06

Table 50: loss bioen

50.2 Figures

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

year

lo
ss
_b
io
en

1995 2000 2005 2010 2020 2030 2040 2050

● ● ● ● ●
●

●
●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ●●

●

●

●

●

● ● ●
● ● ● ● ● ● ● ●

● ●
●

●

●

●
●

●

● ● ● ● ● ● ● ●●

●

●

●

●

● ● ●

●
●

● ● ●
● ●

●

● ●
●

●
● ● ●

●

AFR CPA EUR FSU LAM
MEA NAM PAO PAS SAS

Figure 50: loss bioen
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51 Losses Slaughterwaste (regional)

51.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.02 0.03 0.03 0.04 0.07 0.10 0.15 0.22

CPA.2 0.08 0.11 0.13 0.17 0.25 0.29 0.29 0.27

EUR.3 0.10 0.10 0.10 0.10 0.11 0.11 0.10 0.10

FSU.4 0.04 0.03 0.04 0.04 0.05 0.05 0.06 0.06

LAM.5 0.08 0.09 0.10 0.11 0.14 0.16 0.18 0.19

MEA.6 0.02 0.02 0.03 0.03 0.05 0.06 0.08 0.09

NAM.7 0.09 0.10 0.11 0.11 0.11 0.11 0.10 0.10

PAO.8 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

PAS.9 0.02 0.02 0.02 0.03 0.04 0.06 0.07 0.08

SAS.10 0.03 0.03 0.04 0.05 0.07 0.09 0.12 0.15

Table 51: loss slw
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Figure 51: loss slw
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52 Losses Convby (regional)

52.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

AFR.1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

CPA.2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

EUR.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

FSU.4 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

LAM.5 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

MEA.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NAM.7 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

PAO.8 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

PAS.9 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

SAS.10 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Table 52: loss Convby

52.2 Figures
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Figure 52: loss Convby
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53 Losses Total (regional)

53.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

losses field 0.00 -0.00 0.00 0.00 -0.00 -0.00 0.00 -0.00

losses awms 0.72 0.71 0.76 0.86 1.04 1.21 1.35 1.42

losses slwaste 0.50 0.56 0.61 0.71 0.89 1.05 1.18 1.27

losses resburn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

losses resotherbioenergy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

losses bioenergy 0.42 0.54 0.70 0.89 0.89 0.63 0.63 1.00

losses convby 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52

manure recycl past 0.60 0.70 0.81 1.05 1.63 2.32 3.05 3.71

losses material 1.64 1.78 1.92 2.06 2.35 2.60 2.81 2.97

Table 53: Losses Gesamt
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Figure 53: Losses Gesamt
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54 Losses Total sum (global)

54.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

GLO.1 4.39 4.81 5.33 6.09 7.33 8.33 9.53 10.88

Table 54: Losses Gesamt Sum
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55 Animal Budgets

55.1 Tables

y1995 y2000 y2005 y2010 y2020 y2030 y2040 y2050

concentrate 2.83 3.18 3.58 4.41 6.15 7.70 8.95 9.72

fodder 2.08 2.14 2.26 2.40 2.70 3.07 3.45 3.91

pasture 12.33 13.68 14.88 16.65 19.36 21.30 22.18 22.40

residues 1.76 1.98 2.21 2.55 2.98 3.30 3.59 3.53

convby 2.07 2.29 2.49 2.67 3.03 3.36 3.64 3.86

scavenging 1.27 1.56 1.87 2.43 3.02 3.17 3.00 2.74

losses awms -0.72 -0.71 -0.76 -0.86 -1.04 -1.21 -1.35 -1.42

manure fuel -2.14 -2.54 -2.92 -3.52 -3.82 -3.54 -3.04 -2.46

manure grazing -10.45 -11.58 -12.59 -14.17 -16.86 -18.90 -19.85 -20.19

manure recycl cropl -5.85 -6.46 -7.05 -7.88 -9.34 -10.56 -11.54 -11.94

manure recycl past -0.60 -0.70 -0.81 -1.05 -1.63 -2.32 -3.05 -3.71

slaughtered animals -2.58 -2.86 -3.14 -3.62 -4.56 -5.37 -5.98 -6.44

Table 55: Animal Budget

55.2 Figures
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