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Abstract
 
	Global agriculture faces the dual challenges of improving food security for a growing population while simultaneously reducing the environmental footprint of agricultural production, including net greenhouse gas (GHG) emissions. Paddy rice production is the 5th largest source of methane emissions, globally.   

But the impacts of crop production decisions extend beyond the economic costs and benefits.  Fueled by concerns over ethanol, a lively debate has emerged over food security issues (Searchinger, et al 2013).   Rice is a staple crop produced in areas with fast-growing populations that have been plagued by food shortages. CH4 mitigation might have an adverse impact on food security.

Extending prior work on GHG mitigation to examine food security implications, we used the GTAP model is to examine domestic consumption and trade flows between 140 countries in the v9 GTAP data set.  Food security is assessed using food balance sheet data from the FAO.  We find that at carbon prices up to $50 the result on food security is mixed.  This analysis provides valuable insights into the potential tradeoffs and synergies between food security and GHG mitigation from rice cultivation in different parts of the world. 


1.0 Introduction

Rice cultivation is an important global source of methane (CH4) and nitrous oxide (N2O) emissions. Paddy rice production is the 5th largest source of CH4 emissions, globally, emitting between 520 MTCO2e in 2010 (EPA, 2012).[footnoteRef:1]  Rice production also results in N2O emissions from fertilizer applications.  Total GHG emissions from rice production in 2010 were 565 Mt CO2e (EPA, 2013).  GHG emissions from rice are projected to increase 1.5% per year through 2030 (EPA, 2013).  Cultivation also creates fluxes in soil organic carbon (C) stocks.   [1:  EPA (2012) report lists the top global methane sources in 2010 as Enteric Fermentation (1,932 MTCO2e), Natural Gas and Oil Systems (1,677 MtCO2e), Landfills (847 MtCO2e), Rice (520 Mt CO2e). ] 


EPA examined the potential for GHG mitigation in rice cultivation in its MAC report (EPA, 2013; Beach et al. 2014).  They found that 26% of emissions could be reduced in 2030 by adopting a range of mitigation measures.  However, rice is a staple crop produced in areas with fast-growing populations that have been plagued by food shortages.

This paper extends prior work on GHG mitigation to examine food security implications for agricultural GHG mitigation, along with some discussion of potential for mitigation incentives to help encourage adoption of activities that may offer food security benefits in terms of productivity and climate resilience.  

The paper is organized as follows.  Section 2 provides some background into rice production, GHG emissions and the marginal abatement cost analysis.  Section 3 describes the food gap measures used and compares to similar measures used in the literature.  Section 4 provides a summary of the MAC data and GTAP experiments used.
Section 5 presents results.



2.0 Background

When paddy fields are flooded, decomposition of organic material gradually depletes the oxygen present in the soil and floodwater, causing anaerobic conditions in the soil. Anaerobic decomposition of soil organic matter by methanogenic bacteria generates CH4. Some of this CH4 is dissolved in the floodwater, but the remainder is released to the atmosphere, primarily through the rice plants themselves. 

EPA (2013) provides an update to previous “bottom-up” analyses (Beach et al., 2008; USEPA, 2006) that develop Marginal Abatement Cost (MAC) curves.  The abatement measures included changes in water management, residue management, tillage practices, and fertilizer use, shown in Figure 1.  Yield and production changes were also estimated, primarily as a way of estimating the cost associated with the mitigation measures.  Switching to dry land production provides the greatest mitigation potential, although it results in large reductions in yield.


	Figure 1 : GHG Abatement Potential in Rice 
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	Source: EPA, 2013




But the impacts of crop production decisions extend beyond the economic costs and benefits.  Fueled by concerns over ethanol, a lively debate has emerged over food security issues (Searchinger, et al.; Valin, et al. 2013; ).  USDA publishes an annual international Food Security Assessment that tracks 76 countries that are classified by the World Bank as areas of food insecurity (USDA, 2014).  Major rice producing countries such as India, Indonesia, Bangladesh, and Vietnam are included in the USDA report, suggesting that CH4 mitigation might have an adverse impact on food security.

Some authors have investigated the connection between climate change and food (in)security.  For example, Valin et al. (2014) find that the maximum effect of climate change on calorie availability is -6% at the global level.  Nelson et al. (2014), summarizing the AGMIP study find that by 2050, climate change reduces food consumption by 3 percent.  Climate change impacts on US agriculture are analyzed in Beach, et al. (2015) and Wing et al. (2015).  To be clear, our aim is different from this literature.  Rather than looking at the impact of climate change on agriculture and food security, we examine the impact of GHG mitigation on yield and food security.  Agriculture has a lot at risk under a changing climate, and furthermore the agricultural sector is an important source of GHG emissions, suggesting that agriculture can somewhat affect its own destiny.  But there are yield and food security tradeoffs associated with both climate change and GHG mitigation.  In this paper we focus on the latter.  We develop estimates of food insecurity and estimate the impact of GHG mitigation on measures of food insecurity.  The next section describes the methodology.


3.0 Model Description

This section describes the creation of baseline food security estimate and the relationship between food security and carbon prices.

Baseline food security status

The USDA reports only food gaps – estimated as food supplies that fall short of food demands defined by a 2100 calorie daily per capita nutrition standard.[footnoteRef:2]  The USDA calculation is given by  [2:  USDA estimates national average food gaps as well as food gaps by income group.  The distributional analysis is beyond the scope of the present study and is not discussed further.] 


	
	

	(1)





Where FC is food consumption, PR is production, CI is commercial imports, CSTK is changes in stocks, FA is food aid, SD is seed demand, FD is feed demand, EX is exports, OU is other use, and c is and index of crops c = {grains, roots & tubers, other}, n is an index of countries ( n ϵ N), and t is time.  Food consumption, converted to calories, is compared to the standard of 2100 calories per person per day using population estimates.[footnoteRef:3] [3:  The literature actually contains a range of values for average caloric intake with light activity.  USDA’s value of 2100 is within the range we found from 1720 kcal/person/day (FAO) to 2300 kcal/person/day (WRI).  
] 


However, we were unable to use the USDA estimates as published because they are truncated at zero and could understate the food security impacts of a decline in rice yields. Also, the list of countries (N) is limited to countries that have received food aid in the past, limiting the usefulness of the data for scenario analysis.  We used FAO food balance data to construct an analogous measure, 

	
	

	(2)





Where food aid is excluded and waste (Wcnt) is separated from OUcnt.

Following USDA, we used data for three years (2008-2010) to limit the effect of annual variations.  However, USDA uses a three years of historical data to project the base year of 2010, as the report estimates current conditions before the year has ended. We have used revised, historical data.  The USDA and FAO-based data for 2010 are summarized in Table 1:  USDA estimated positive food gaps in 15 countries with a total gap of 11.5 million tons.  Using FAO data, we calculated food gaps in 11 countries with a total gap of 2.0 million tons.  Most (72%) of the difference owes to a single country, the Democratic Republic of the Congo, which is estimated to have a 6.8 million ton food gap in the USDA estimates but is not present in the FAO data set.  Two other countries with smaller food gaps, Burundi and Eritrea, are also not present in the FAO statistics.  Adjusting for these differences brings the two totals closer but significant differences remain.  USDA estimated gaps for Central African Republic, Kenya, Mozambique, Niger, and Senegal, countries for which FAO data indicates surpluses (shown in Table 1 as negative gaps).


Table 1: USDA Food gaps and calculated food gaps (1,000 tons)
	Country
	USDA Food gap1 
	Calculated food gap

	Afghanistan
	85
	127

	Burundi
	468
	*

	Central African Republic
	113
	-52

	Chad
	0
	127

	Congo, Dem. Rep.
	6,868
	*

	Eritrea
	346
	*

	Ethiopia
	792
	760

	Haiti
	303
	38

	Kenya
	301
	-484

	Korea, Dem. Rep.
	1,013
	57

	Madagascar
	71
	168

	Mozambique
	443
	-499

	Namibia
	*
	15

	Niger
	277
	-1,326

	Rwanda
	125
	10

	Senegal
	1
	-775

	Somalia
	433
	*

	Tajikistan
	0
	46

	Timor-Leste
	*
	9

	Zambia
	0
	654

	Total (excludes negative  gap estimates in FAO data)
	11,553
	2,010


1. Nutrition gap: gap between available food and food needed to support a per capita nutritional standard


Non- CO2 mitigation and the effect on food security

In this section we look at changes in the production of rice and how that affects food consumption.  To begin, we rewrite (2) in percentage change terms using lowercase variable names to represent percentage change terms, and introducing the shares .  

	
	
	(3)



We assume that changes in stocks, seed demand, feed demand waste and other uses remain constant, so 3 can be simplified to 

	
	
	(4)





4.0  Data

Our estimates of the “yield penalty” or the change in rice production associated with an increase in GHG mitigation come from the marginal abatement cost curves in EPA (2103).  For the percentage changes in imports, exports and domestic consumption, we relied on simulation results in GTAP.  These are discussed below, in turn.


Economic Data and the EPA MAC Model

The EPA MAC Model calculates annual GHG mitigation potentials at various levels of a price (in CO2 equivalent units).  For EPA, a modified version of the DNDC 9.5 Global database was used to simulate crop yields and GHG fluxes from global paddy rice cultivation systems. The DNDC 9.5 global database contains information on soil characteristics, crop planted area, and management conditions (fertilization, irrigation, season, and tillage) on a 0.5 by 0.5 degree grid cell of the world. The model considers all paddy rice production systems, including irrigated and rainfed rice, and single, double and mixed rice as well as deepwater and upland cropping systems. For EPA, baseline and mitigation scenario modeling was carried out for all rice-producing countries in the world that produce a substantial quantity of rice. Costs include changes in labor, fertilizer, and other inputs associated with each option. Capital cost are assumed zero.  Only those options that result in lower emissions are evaluated in the MAC model. 

The MAC analysis assimilates the abatement measures’ technology costs, expected benefits, and emission reductions to compute the cost of abatement for each measure. EPA computed a break-even price for each abatement option for 195 countries to construct MAC curves illustrating the net GHG mitigation potential at specific break-even prices for 2010, 2020, and 2030, shown in Figure 2.



	Figure 2 :  Global MAC curve showing mitigation potential at various mitigation values
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	Source: EPA, 2013






	Table 2:  Rice GHG Mitigation Potential, Results of Break-Even Analysis
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	Source: EPA, 2013




Mitigation potential and its cost-effectiveness vary significantly by country or region. At the regional level, Asia (in particular South and Southeast Asia), Africa, Central and South America and the European Union show the most significant potential for reducing GHG emissions from rice cultivation. For instance, in 2030 mitigation potential in Asia is estimated to be 27 Mt CO2e with no carbon price and 34 Mt CO2e at a carbon price of $20/t CO2e. Central and South America can achieve mitigation potential of 12 Mt CO2e in 2030 at no carbon price, and mitigation potential can increase to 22 Mt CO2e at a carbon price of $20/t CO2e. 

There are a large number of mitigation options included for rice cultivation and almost all provide net GHG reductions. The options providing the largest quantify of GHG reductions are the two that involve switching to dryland production, which significantly reduces or eliminates CH4 emissions. Those options do result in major reductions in yields, however. Other options that account for large reductions include nitrification inhibitors in combination with midseason drainage or alternate wetting and drying, along with switching to no-till, fertilizer reductions, and optimal fertilization options on non-irrigated lands. The relative share of mitigation provided by different options varies across years due to the dynamics of GHG emissions, especially for changes in soil C.






	Figure 3:  Percentage change in quantity of rice produced for mitigation values $10-$50 for selected countries

	



Figure 3 shows the rice production changes associated with mitigation activities.  At a low price of $10 per ton, the changes are all positive (increases in output).  The MACs reveal a fair bit of mitigation that has negative cost, and up to a point there is a kind of a subsidy effect going on.  For a country like Indonesia, the subsidy effect is robust throughout the range of carbon prices examined here, although diminishing as expected.  For most other countries, the implicit subsidy is overshadowed by yield losses at carbon prices above $20 per ton.

One might attempt to apply the production changes directly to the food balance estimates and food gaps in Table 1.  This produces some unexpected results.  For example, Vietnam started out with a food surplus, but with large GHG mitigation potential especially at the higher prices levels shown in Figure 3, direct application of the production changes flipped Vietnam into food deficit status.  

In the next section we discuss the GTAP global trade model, and the experiments we ran in GTAP to estimate the sensitivity of domestic consumption, imports and exports to changes in production of rice.


GTAP

What happens when rice production falls?  Rice is a staple crop, and for some countries it is an important export.  For other countries rice production seems less important in the trade mix than other sectors such as industry.  Economic theory suggests that rice is an inferior good, and as incomes rise the demand for starchy crops like rice should fall and be replaced by other foods such as meat, fats and oils (Bennett’s Law).  More generally, as incomes rise the income elasticity of food demand falls the relationship known as Engel’s Law.  So much of the response depends on a country’s development status, the importance of national income and substitution effects.  We designed several experiments In GTAP to attempt to isolate these effects and their impacts on food security for different countries.

We used the standard GTAP model, version 9.1 with 140 countries, because food security is a localized phenomenon.  

Our shock was a production shock (variable qo in GTAP).  We also imposed an offsetting shock to taxes (variable to in GTAP) to compensate for the reduction in tax revenue to the government sector.  As described above, the production shocks were the changes in output associated with the non-CO2 mitigation strategies employed at equivalent CO2 prices $10-$50 per ton. 

We entered 2010 shocks from the MAC model in the base year of GTAP.  While the MAC model estimates changes for 2010, 2020 and 2030, analyzing a longer time period would have required calibrating the GTAP model to match the baseline growth factors which serve as the basis of the MAC estimates.

Carbon prices are implicit in the GHG mitigation scenarios, we also designed a set of experiments that included the same output shocks, run together with an economy wide global carbon price.  In these experiments, the impact of the carbon price was much larger than the impact of the production shock, and the results obscured the relationships between output and consumption that we sought to empirically obtain.  These results are not presented here. 

We also ran a full sensitivity analysis on the results, details are available from the authors.


5.0  Results


Prices:

The GTAP model operates on variables that represent economic value measures.  In using the GTAP model for a calorie-based investigation like food security, we have to address the fact that the model results include a quantity change component along with a price change component.  Figure 4 shows price changes, specifically prices paid by consumers for domestically produced rice (ppd) across the various mitigation levels for the top 5 rice producing countries.  Price changes are themselves an indicator of scarcity, but also useful for interpreting the value measures in real terms.    Note that at prices of up to and including $20 ton CO2e, the price of rice is falling.  This is because of the above-mentioned subsidy effect of all the low cost mitigation opportunities.   Above $30 per ton CO2e, prices faced by consumers rise moderately.  Also note that for any scenario, the price changes here are small – less than about half of one percent.

	Figure 4 :  Changes in consumer’s price of domestic rice, selected countries

	[image: ]





Consumption:

Consumption (VDM) of rice is presented in Figure 5 both in value terms as output from the model at market prices, and in real terms, adjusted by the price data in Figure 4.    The graph of consumption value in the top panel shows the same pattern as the price graph and consequently, the real consumption graph in the bottom panel shows values grouped around zero percent change in quantity of rice consumed.




	Figure 5: Percentage change in rice consumption, value (top) and quantity (bottom)
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Sufficiency


GTAP output includes a “sufficiency” variable or domestic share in total use, defined for tradable commodities, given by



Where VOM is the value of output at market prices, VDM is the value of domestic consumption at market prices, and VIMS is the value of imports at market prices.  If imports are zero, then the country is self-sufficient and VOM ≥ VDM.  VOM is the initial value of output in the GTAP framework to which the qo shocks are applied.


	Figure 6:  Sufficiency in rice
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As shown in Figure 6 above, there is virtually no change in the sufficiency in rice among the top 5 rice producing countries despite the production shocks due to mitigation.



Food security 

The data on real consumption changes resulting from the GTAP experiments can be applied to the food balance data in Table 1.  The results are shown in Table 3.  


	Table 3:  Changes in Food Gaps (reductions in food gaps shaded)

	
	
	
	Percentage chg. in Food Gap

	Country 
	Food Gap (1000tons)
	Rice Share
	$10
	$20
	$30
	$40
	$50

	Afghanistan
	127
	5%
	0%
	0%
	0%
	0%
	0%

	Chad
	127
	3%
	0%
	-1%
	-2%
	-0%
	3%

	Haiti
	38
	11%
	-1%
	-2%
	-3%
	-1%
	-1%

	PDR Korea
	57
	15%
	-1%
	-3%
	0%
	0%
	0%

	Madagasgar
	168
	24%
	-11%
	-5%
	6%
	5%
	4%

	Namibia
	15
	56%
	0%
	-2%
	0%
	0%
	0%

	Timor-Leste
	9
	18%
	-5%
	-4%
	-4%
	-4%
	-4%

	Rwanda
	10
	1%
	0%
	-5%
	-1%
	0%
	0%

	Tajikistan
	46
	1%
	0%
	0%
	0%
	0%
	0%

	Ethiopia
	760
	0%
	0%
	0%
	0%
	0%
	0%

	Zambia
	654
	1%
	0%
	0%
	0%
	0%
	0%













Compensatory Yield Changes

The above analysis explored the relationship between rice production and GHG mitigation.  The final task is to make some preliminary assessments of the magnitude of the changes in production.  

Because we are talking about changes over time, it makes sense to interpret the results as a change in productivity.  Overall, GHG mitigation decreases rice productivity.    Table 4 shows the yield changes needed to compensate for the production changes associated with maximum potential GHG mitigation.  In the baseline, rice yields are expected to increase by 0.21% per year.  If all mitigation options were implemented in 2030 the compensatory change in yield is 0.53%.  In other words, GHG mitigation in 2030 can be ‘purchased’ at by increasing yield improvement by a roughly a factor of 2.




	Table 4:  Compensatory Yield Changes 
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Conclusions

Global agriculture faces the dual challenges of improving food security for a growing population while simultaneously reducing the environmental footprint of agricultural production, including net greenhouse gas (GHG) emissions. Rice is a particularly important commodity from this standpoint in that accounts for a large share of global agricultural GHG emissions (EPA, 2012) while also being a primary staple crop for billions of people in developing regions, particularly in Asia, but also parts of Africa. 
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Appendix



	Table A1:  Sufficiency in Rice :  VOM/(VDM+VIMS)
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	Table A2:  “Yield Penalty” Production Shocks from Methane Mitigation
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	Table: A3  Real Rice Consumption Changes
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China	%chg($10)	%chg($20)	%chg($30)	%chg($40)	%chg($50)	qo	1.7440000000000001E-3	-5.6700000000000001E-4	-6.038E-3	-1.9261E-2	-2.4410000000000001E-2	India	%chg($10)	%chg($20)	%chg($30)	%chg($40)	%chg($50)	qo	2.826E-3	-1.3600000000000001E-3	-2.8299999999999999E-4	-3.3600000000000001E-3	-1.5755000000000002E-2	Indonesia	%chg($10)	%chg($20)	%chg($30)	%chg($40)	%chg($50)	qo	4.0613000000000003E-2	3.6783000000000003E-2	2.4052E-2	1.5100000000000001E-2	1.2331E-2	Bangladesh	%chg($10)	%chg($20)	%chg($30)	%chg($40)	%chg($50)	qo	3.6240000000000001E-3	-1.9949999999999998E-3	-4.1999999999999997E-3	-9.2759999999999995E-3	-1.5897000000000001E-2	Vietnam	%chg($10)	%chg($20)	%chg($30)	%chg($40)	%chg($50)	qo	1.4899999999999999E-4	-1.4331999999999999E-2	-2.2686000000000001E-2	-9.7251000000000004E-2	-0.120777	
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20 xse 1.0006 1.0006 1.0006 1.0006 1.0006 1.0006 90 xer 0.8525 0.8525 0.8525 0.8525 0.8525 0.8525

21 bgd 0.9990 0.9990 0.9990 0.9990 0.9990 0.9990 91 kaz 0.9970 0.9970 0.9970 0.9970 0.9970 0.9969

22 ind 1.0095 1.0095 1.0095 1.0095 1.0096 1.0096 92 kgz 0.9880 0.9879 0.9879 0.9879 0.9880 0.9880

23 npl 0.9863 0.9863 0.9863 0.9863 0.9864 0.9864 93 xsu 0.9930 0.9930 0.9930 0.9929 0.9929 0.9928

24 pak 1.0314 1.0314 1.0314 1.0313 1.0312 1.0311 94 arm 0.5012 0.5012 0.5012 0.5012 0.5012 0.5012

25 lka 1.0006 1.0006 1.0006 1.0006 1.0006 1.0006 95 aze 0.9622 0.9640 0.9640 0.9640 0.9641 0.9642

26 xsa 1.0028 1.0028 1.0028 1.0028 1.0029 1.0029 96 geo 0.1261 0.1261 0.1261 0.1261 0.1261 0.1261

27 can 0.2845 0.2845 0.2845 0.2845 0.2845 0.2845 97 bhr 0.9680 0.9680 0.9680 0.9680 0.9680 0.9681

28 usa 1.4377 1.4381 1.4380 1.4381 1.4379 1.4377 98 irn 1.0047 1.0047 1.0047 1.0047 1.0047 1.0047

29 mex 0.1375 0.1375 0.1375 0.1375 0.1375 0.1374 99 isr 5.7861 5.7864 5.7877 5.7883 5.7893 5.7895

30 xna 0.7667 0.7667 0.7667 0.7667 0.7666 0.7666 100 jor 0.0780 0.0780 0.0780 0.0780 0.0780 0.0780

31 arg 1.3254 1.3252 1.3254 1.3258 1.3262 1.3263 101 kwt 0.1130 0.1130 0.1130 0.1130 0.1130 0.1130

32 bol 0.9923 0.9923 0.9923 0.9923 0.9923 0.9923 102 omn 0.9202 0.9202 0.9202 0.9202 0.9202 0.9202

33 bra 0.9977 0.9978 0.9977 0.9977 0.9977 0.9976 103 qat 0.9759 0.9759 0.9759 0.9759 0.9760 0.9760

34 chl 0.9884 0.9883 0.9884 0.9884 0.9884 0.9884 104 sau 0.5065 0.5065 0.5066 0.5067 0.5069 0.5070

35 col 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 105 tur 0.5897 0.5897 0.5897 0.5897 0.5897 0.5896

36 ecu 1.0109 1.0109 1.0108 1.0103 1.0100 1.0100 106 are 1.6010 1.6009 1.6009 1.6008 1.6009 1.6010

37 pry 1.3979 1.3972 1.3975 1.3978 1.3988 1.3997 107 xws 0.5109 0.5109 0.5109 0.5109 0.5109 0.5109

38 per 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 108 egy 1.0056 1.0056 1.0055 1.0055 1.0055 1.0055

39 ury 1.1956 1.1954 1.1955 1.1955 1.1955 1.1947 109 mar 0.9122 0.9121 0.9122 0.9122 0.9123 0.9123

40 ven 0.8149 0.8149 0.8149 0.8147 0.8147 0.8144 110 tun 0.9366 0.9366 0.9366 0.9366 0.9366 0.9366

41 xsm 5.3628 5.3614 5.3611 5.3629 5.3643 5.3664 111 xnf 0.8257 0.8257 0.8257 0.8257 0.8257 0.8257

42 cri 0.8059 0.8059 0.8059 0.8058 0.8058 0.8058 112 ben 0.9957 0.9957 0.9957 0.9957 0.9957 0.9957

43 gtm 0.3600 0.3599 0.3599 0.3599 0.3599 0.3599 113 bfa 0.6527 0.6526 0.6526 0.6526 0.6527 0.6528

44 hnd 0.2664 0.2664 0.2664 0.2664 0.2664 0.2664 114 cmr 0.9900 0.9901 0.9900 0.9900 0.9900 0.9900

45 nic 0.8031 0.8031 0.8031 0.8031 0.8032 0.8032 115 civ 0.9877 0.9875 0.9875 0.9876 0.9876 0.9877

46 pan 0.9282 0.9281 0.9280 0.9281 0.9281 0.9282 116 gha 1.0112 1.0112 1.0112 1.0112 1.0113 1.0113

47 slv 0.6577 0.6577 0.6576 0.6574 0.6574 0.6574 117 gin 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996

48 xca 0.9593 0.9594 0.9593 0.9593 0.9593 0.9593 118 nga 0.9960 0.9960 0.9960 0.9960 0.9960 0.9960

49 dom 0.9946 0.9946 0.9946 0.9946 0.9946 0.9946 119 sen 0.9779 0.9779 0.9779 0.9779 0.9779 0.9780

50 jam 0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 120 tgo 0.9756 0.9755 0.9755 0.9756 0.9756 0.9757

51 pri 1.0262 1.0262 1.0262 1.0262 1.0262 1.0262 121 xwf 0.9972 0.9971 0.9971 0.9971 0.9968 0.9968

52 tto 0.2960 0.2959 0.2959 0.2959 0.2959 0.2959 122 xcf 0.9582 0.9575 0.9575 0.9575 0.9576 0.9576

53 xcb 0.9613 0.9613 0.9613 0.9612 0.9612 0.9613 123 xac 0.9987 0.9987 0.9987 0.9987 0.9987 0.9987

54 aut 0.3616 0.3615 0.3616 0.3616 0.3617 0.3617 124 eth 0.0405 0.0405 0.0405 0.0405 0.0405 0.0405

55 bel 0.2343 0.2341 0.2343 0.2344 0.2347 0.2350 125 ken 0.3913 0.3914 0.3912 0.3911 0.3910 0.3908

56 cyp 0.1661 0.1661 0.1661 0.1661 0.1661 0.1661 126 mdg 0.9990 0.9990 0.9990 0.9990 0.9990 0.9990

57 cze 0.3966 0.3966 0.3966 0.3966 0.3966 0.3966 127 mwi 1.0006 1.0006 1.0006 1.0005 1.0005 1.0005

58 dnk 0.6533 0.6533 0.6533 0.6533 0.6532 0.6532 128 mus 0.0692 0.0692 0.0692 0.0692 0.0692 0.0692

59 est 0.6646 0.6647 0.6647 0.6646 0.6646 0.6645 129 moz 1.0024 1.0024 1.0024 1.0024 1.0025 1.0025

60 fin 0.6131 0.6131 0.6131 0.6131 0.6131 0.6131 130 rwa 1.0037 1.0037 1.0037 1.0037 1.0037 1.0037

61 fra 0.4142 0.4142 0.4142 0.4142 0.4142 0.4142 131 tza 1.0170 1.0170 1.0170 1.0170 1.0171 1.0172

62 deu 0.3850 0.3851 0.3850 0.3849 0.3848 0.3847 132 uga 0.9941 0.9940 0.9941 0.9942 0.9943 0.9944

63 grc 1.1047 1.1047 1.1048 1.1048 1.1048 1.1049 133 zmb 0.9920 0.9920 0.9920 0.9920 0.9920 0.9920

64 hun 0.6219 0.6222 0.6222 0.6222 0.6221 0.6220 134 zwe 0.0174 0.0173 0.0173 0.0173 0.0174 0.0174

65 irl 0.3111 0.3112 0.3112 0.3111 0.3111 0.3110 135 xec 0.2487 0.2487 0.2487 0.2487 0.2488 0.2487

66 ita 1.0282 1.0289 1.0288 1.0287 1.0285 1.0283 136 bwa 0.3116 0.3116 0.3116 0.3116 0.3117 0.3117

67 lva 0.8936 0.8936 0.8936 0.8936 0.8936 0.8936 137 nam 0.0291 0.0291 0.0291 0.0291 0.0291 0.0291

68 ltu 0.7973 0.7972 0.7972 0.7973 0.7973 0.7973 138 zaf 1.7983 1.7984 1.7985 1.7985 1.7984 1.7984

69 lux 0.0995 0.0995 0.0995 0.0995 0.0995 0.0995 139 xsc 0.6628 0.6627 0.6628 0.6628 0.6628 0.6628

70 mlt 0.4058 0.4058 0.4058 0.4058 0.4058 0.4058 140 xtw 0.9928 0.9926 0.9926 0.9927 0.9929 0.9930


image10.emf
10 $    20 $    30 $    40 $    50 $    10 $    20 $    30 $    40 $    50 $   

1 aus -0.0008-0.0065-0.0085 -0.0217-0.0478 71 nld 0 0 0 0 0

2 nzl 0 0 0 0 0 72 pol 0 0 0 0 0

3 xoc 0 0 0 0 0 73 prt 0.0026 0.0015 0.0015 -0.006 -0.0194

4 chn 0.0017-0.0006 -0.006 -0.0193-0.0244 74 svk 0 0 0 0 0

5 hkg 0 0 0 0 0 75 svn 0 0 0 0 0

6 jpn 0.0882 0.0883 0.0883 0.088 0.0875 76 esp 0.0152 0.0122 0.0112 0.0112 0.0112

7 kor -1E-05 -1E-05 -1E-05 -1E-05 -1E-05 77 swe 0 0 0 0 0

8 mng 0 0 0 0 0 78 gbr 0 0 0 0 0

9 twn 0 0 0 0 0 79 che 0 0 0 0 0

10 xea 0.0063 0.0052 0.0014-0.0038-0.0067 80 nor 0 0 0 0 0

11 brn 0.2811 0.2811 0.2811 0.2811 0.2811 81 xef 0 0 0 0 0

12 khm 0.0015 0.0014-0.0009 -0.002-0.0038 82 alb 0 0 0 0 0

13 idn 0.0406 0.0368 0.0241 0.0151 0.0123 83 bgr 7E-05 -0.0019-0.0036-0.0068 -0.0104

14 lao -0.0004 -0.0011 -0.0031-0.0048-0.0055 84 blr 0 0 0 0 0

15 mys 0.0266 0.0156 0.0008-0.0048-0.0066 85 hrv 0 0 0 0 0

16 phl 0.003 0.0017 -0.0198-0.0333-0.0675 86 rou 0.0144 0.015 0.0124 0.0078 0.0078

17 sgp 0 0 0 0 0 87 rus 0.0024 0.0023-0.0009-0.0009-0.0048

18 tha 0.0001-0.0005-0.0008 -0.0014-0.0036 88 ukr 0.0101 0.01 0.0051-0.0005-0.0047

19 vnm -0.0061 -0.0143-0.0227-0.0973 -0.1208 89 xee 0 0 0 0 0

20 xse 0.0001-0.0045 -0.012 -0.0221-0.0269 90 xer 0 0 0 0 0

21 bgd 0.0036 -0.002-0.0042-0.0093 -0.0159 91 kaz -0.0023-0.0023-0.0024-0.0058 -0.0172

22 ind 0.0028 -0.0014-0.0003-0.0034 -0.0158 92 kgz -0.026 -0.026 -0.026 -0.026 -0.026

23 npl 0.0012 -3E-05 -0.0013-0.0037-0.0037 93 xsu 0.0042 0.0028-0.0027-0.0057-0.0335

24 pak 0.0008 -0.0017-0.0098-0.0098 -0.016 94 arm 0 0 0 0 0

25 lka 0.008-0.0258-0.0404-0.0604 -0.102 95 aze 0.7285 0.7285 0.7285 0.7285 0.7285

26 xsa 0.0005 -8E-05-0.0024-0.0056-0.0072 96 geo 0 0 0 0 0

27 can 0 0 0 0 0 97 bhr 0 0 0 0 0

28 usa 0.0082 0.0062 0.0128 0.0096 0.0085 98 irn 0.0075 -0.0021-0.0063 -0.014 -0.0291

29 mex 0.006-0.0224-0.0348-0.0438 -0.057 99 isr 0 0 0 0 0

30 xna 0 0 0 0 0 100 jor 0 0 0 0 0

31 arg 0.0123 0.0079-0.0037 -0.0144-0.0525 101 kwt 0 0 0 0 0

32 bol -0.0028 -0.0113 -0.0199 -0.029-0.0348 102 omn 0 0 0 0 0

33 bra 0.0131 0.0074 0.0054 -0.0012 -0.0135 103 qat 0 0 0 0 0

34 chl -0.0042-0.0042-0.0042-0.0042-0.0042 104 sau 0 0 0 0 0

35 col 0.0035 0.0024-0.0053 -0.0122 -0.0122 105 tur 0-0.0003 -0.0101 -0.0101-0.0262

36 ecu 0.0022-0.0077-0.0863 -0.1384 -0.1493 106 are 0 0 0 0 0

37 pry -0.0004 -0.0139-0.0476-0.0567-0.0878 107 xws 0 0 0-0.0027-0.0029

38 per -0.0008-0.0008 -0.0081 -0.0197 -0.1243 108 egy -0.0043-0.0386 -0.049-0.0699-0.0894

39 ury 6E-05-0.0066 -0.0131 -0.022-0.0306 109 mar 0.0011-0.0006 -0.0018 -0.0018-0.0235

40 ven 0.0048-0.0046 -0.044-0.0587 -0.1142 110 tun 0 0 0 0 0

41 xsm -0.0145-0.0397-0.0423 -0.0441 -0.1574 111 xnf 0 0 0 0 0

42 cri 0.0026-0.0034-0.0297 -0.0361-0.0433 112 ben -0.0011 -0.0071 -0.018 -0.0311 -0.0481

43 gtm -0.0056 -0.013 -0.0301-0.0297 -0.0316 113 bfa -0.0046 -0.0189-0.0429 -0.075 -0.075

44 hnd 0.013 -0.0014 -0.008-0.0078 -0.0281 114 cmr 0.0137 0.0031-0.0096 -0.02 -0.0251

45 nic -0.0007 -0.0108-0.0344-0.0347 -0.0471 115 civ -0.0315 -0.0315-0.0323-0.0334 -0.0341

46 pan -0.0103-0.0207-0.0207-0.0207-0.0207 116 gha 0.0012 -0.0041 -0.0105 -0.0142 -0.02

47 slv -0.0007 -0.0186-0.0569-0.0569-0.0723 117 gin 0.0013 0.0013 -0.0001 -0.0001 -0.0001

48 xca 0.0122 -0.0119 -0.0177 -0.0177 -0.0176 118 nga 0.0032 -0.0019 -0.0108 -0.0147 -0.0215

49 dom -0.0116 -0.0149 -0.0214-0.0309-0.0354 119 sen -0.0026-0.0034 -0.0105 -0.0411 -0.0411

50 jam 0 0 0 0 0 120 tgo 0.001 -0.0012 -0.0017-0.0074 -0.0102

51 pri 0 0 0 0 0 121 xwf -0.0008 -0.0179-0.0236-0.0892-0.5986

52 tto -0.0697-0.0697-0.0696-0.0696-0.0696 122 xcf -0.0202 -0.022 -0.038-0.0409 -0.2186

53 xcb 0.0127 0.0063-0.0294-0.0358-0.0777 123 xac 0.0045 -0.0136 -0.0141 -0.0182-0.0244

54 aut 0 0 0 0 0 124 eth -0.0055-0.0222 -0.0518 -0.0712-0.0725

55 bel 0 0 0 0 0 125 ken 0.0116 -0.012 -0.033-0.0403-0.0876

56 cyp 0 0 0 0 0 126 mdg -0.0024-0.0002 -0.0218 -0.0419-0.0435

57 cze 0 0 0 0 0 127 mwi 0.0017-0.0008 -0.024-0.0642-0.0642

58 dnk 0 0 0 0 0 128 mus 0 0 0 0 0

59 est 0 0 0 0 0 129 moz 0.0018 -0.0018 -0.004-0.0076 -0.0168

60 fin 0 0 0 0 0 130 rwa 0.0075 0.0016 -0.0017 -0.0017-0.0273

61 fra -0.0004-0.0004-0.0075-0.0089-0.0089 131 tza 0.0072 0.0037-0.0028-0.0093-0.0233

62 deu 0 0 0 0 0 132 uga -0.0018-0.0023-0.0032-0.0069-0.0088

63 grc 0.0031 0.0037 0.0037 0.0037 0.0011 133 zmb -0.0021 -0.0319-0.0542-0.0542-0.0646

64 hun 0.0665 0.0653 0.0615 0.0591 0.0591 134 zwe -0.0403-0.0446-0.0593 -0.063 -0.063

65 irl 0 0 0 0 0 135 xec 0.0003 0.0002-0.0044-0.0039 -0.0341

66 ita 0.062 0.062 0.062 0.062 0.062 136 bwa 0 0 0 0 0

67 lva 0 0 0 0 0 137 nam 0 0 0 0 0

68 ltu 0 0 0 0 0 138 zaf 0 0 0 0 0

69 lux 0 0 0 0 0 139 xsc 0 0 0 0 0

70 mlt 0 0 0 0 0 140 xtw 0 0 0 0 0


image11.emf
10 $    20 $    30 $    40 $    50 $    10 $    20 $    30 $    40 $    50 $   

1 aus 0.0749 0.1354 0.8106-0.0528-0.0406 71 nld -0.131-0.2764 0.0331-0.0502-0.0598

2 nzl 0.0424 0.0593-0.2469 -0.0149 0.0062 72 pol 0.0309 0.1082 -0.028 0.0106 0.0171

3 xoc -0.1811 0.2639 -0.4515-0.0436 -0.1373 73 prt -0.0058 0.1296 0.0054-0.0253-0.0257

4 chn 0.0051 0.04 -0.0151-0.0097-0.0082 74 svk 0.1915 0.4895-0.0444 0.0627 0.0337

5 hkg -0.0007 0.0105 -0.039-0.0089-0.0095 75 svn 0.0113 0.0395-0.0308 -0.0101-0.0088

6 jpn -0.0959 -0.099 -0.1035 -0.1147 -0.1249 76 esp 0.1398 0.043 0.4185 0.2648 0.2521

7 kor 0.0124 0.0136 0.0112 0.0121 0.0122 77 swe -0.009 -0.0139-0.0069 0.0057 0.0103

8 mng 0.0008 -0.0145 -0.0103 0.0012 0.0011 78 gbr -0.1974 -0.6421-0.0994 -0.1492 -0.055

9 twn 0.0055 0.005-0.0057 0.0049 0.005 79 che 0.0114 0.0393 -0.1027 -0.0218 -0.0166

10 xea -0.0754 -0.1821 0.0268-0.0087 -0.0122 80 nor -0.0401 -0.5199 0.0706 0.0171-0.0009

11 brn -0.8375 -1.0717 -1.4454 -4.7168 4.9019 81 xef -0.0091 -0.0106-0.0038 -0.0031-0.0069

12 khm 0.0495 0.0074 0.0216 0.0588 0.0562 82 alb -0.0006 0.1249-0.0555 0.0016 0.0011

13 idn -0.1812-0.2076-0.2942 0.4224 0.1673 83 bgr -0.205 -0.1721 -0.269-0.2379-0.2298

14 lao 0.1604 0.1779 0.1568 0.1578 0.1575 84 blr 0.0105-0.0253 0.0179 0.0107 0.012

15 mys -0.161 -0.1907 0.0308 -0.0172 -0.0145 85 hrv 0.0018 0.2225 -0.1916 -0.095 -0.1089

16 phl -0.029 -0.046-0.2764 -0.1359 -0.1688 86 rou -0.1318-0.3027 0.3179 0.0835 0.0145

17 sgp -4E-05 0.0011-0.0003 0.0002 6E-05 87 rus -0.1299 -0.1393 -0.1375-0.0987 -0.1113

18 tha 0.0209 0.1405-0.6958 -0.1086 -0.1002 88 ukr -0.0772 -0.1521 0.1597 -0.0013 -0.0127

19 vnm 0.184 0.6004-0.5549 -0.325-0.2639 89 xee -0.0003 -0.001-0.0005 -0.0001 -4E-05

20 xse 0.2832 0.2227 0.2427 0.2492 0.2516 90 xer -0.0168-0.0486-0.0004-0.0074-0.0068

21 bgd 0.0748 0.0347 0.0711 0.0684 91 kaz 0.0247 0.6413 -0.0138-0.0068 -0.0121

22 ind -0.0323 0.0377-0.0285-0.0287 -0.041 92 kgz -0.2792 -0.1386-0.0834-0.0432-0.0273

23 npl 0.1124 0.1072 0.0947 0.1073 0.1351 93 xsu -0.0188-0.0369 -0.0178-0.0085 -0.0111

24 pak 0.0558 0.1014 0.0208 0.0589 0.0518 94 arm -0.0032 -0.0171 0.0056 0.0021 0.0011

25 lka -0.1264 -0.1616 -0.1545 -0.1484 -0.1478 95 aze -0.4752 -0.4901 -0.5104-0.5548-0.6033

26 xsa -0.0557-0.0773-0.0826-0.0769-0.0773 96 geo 7E-05 0.0127 -0.002 0.0003 0.0002

27 can 0.006 0.0138 -0.007 0.0019 0.0011 97 bhr -0.0213 -0.1301 0.0147 -0.002-0.0047

28 usa 0.1239 0.3036-0.2923-0.0852-0.0333 98 irn -0.077-0.0368 -0.0801-0.0766-0.0774

29 mex -0.0493 0.9094-0.4964 -0.1741 -0.1389 99 isr 0.1461-8.4805 -1.583 -0.9191-0.6378

30 xna -0.0005 -0.0015 0.0014 5E-05 -6E-05 100 jor -0.0046 0.1657 0.0091 0.0056 0.003

31 arg -0.3144-0.3349-0.4008-0.2979-0.2784 101 kwt 0.0316 0.5255-0.0034-0.0573 -0.0165

32 bol 0.0909 -0.2021 -0.1208 -0.0921-0.0706 102 omn 0.0002 -0.0016 0.0014 0.0009 0.001

33 bra -0.0501 -0.0681 0.0325 -0.0061 -0.0151 103 qat -0.0605-0.4407 0.0421-0.0079 -0.0147

34 chl 0.0603 0.2801 -0.0641 -0.0217 -0.0116 104 sau 0.0419-32.939 -2.3182 -1.4957 -1.264

35 col -0.0127 -0.0174 -0.0081-0.0093-0.0078 105 tur -0.0082 0.0449 -0.2104-0.0566 -0.0813

36 ecu -0.0111-0.0856-0.0339 -0.0315-0.0295 106 are -0.7664 -2.8017 0.5136 -0.3491 -0.4186

37 pry -0.51 -0.4157 -0.6149-0.5262-0.5256 107 xws -0.0055 0.0063-0.0034 -0.0171 -0.0132

38 per 0.0177 0.0516-0.0298-0.0248-0.0384 108 egy 0.0647 -0.1608 -0.1413 -0.125 -0.1181

39 ury -0.1463 -0.0831 -0.1035-0.0545 0.1123 109 mar 0.0507 0.2989 -0.573-0.2035 -0.1934

40 ven -0.04 0.2431 -0.283 -0.1673 -0.1901 110 tun 0.0005-0.0033 0.0006 0.0005 0.0004

41 xsm -0.0943 0.4577-0.4482-0.2654 -0.2421 111 xnf -0.0238 0.0844 0.0232 0.0089 0.005

42 cri -0.0227 0.1274-0.3438 -0.1442 -0.1088 112 ben -0.0002 0.3206-0.4243 -0.1979 -0.1788

43 gtm 0.0535 0.4117 -0.5163 -0.1374-0.0898 113 bfa 0.0836 4.4123-0.7453-0.4257-0.3006

44 hnd -0.1233 0.0464 -0.1508 -0.033-0.0753 114 cmr -0.0489 -0.0271 -0.0916-0.0356-0.0284

45 nic 0.0359 0.6475 -0.471 -0.1613 -0.1246 115 civ -0.2332 -0.1886 -0.1529 -0.107-0.0896

46 pan 0.1836 -1.057 -0.1995-0.0692-0.0389 116 gha -0.0955 0.1365 -0.1583 -0.1229 -0.1208

47 slv 0.007 0.8345-0.5934 -0.2147 -0.1696 117 gin -0.2092 -0.1566-0.3268 0.3709 0.3154

48 xca -0.0615 -1.251 -0.1424-0.0542-0.0337 118 nga -0.063-0.2034 -0.1035-0.0875-0.0847

49 dom -0.8885 -0.3188 -0.2134 -0.1665 -0.144 119 sen 0.0801 0.2381 -0.4019-0.2835 -0.1891

50 jam -0.0019 -0.0281 0.0249 0.0122 0.0103 120 tgo -0.1999 -0.3012 -2.101 0.1142 0.0428

51 pri 0.0226 0.0688-0.0895-0.0252 -0.0179 121 xwf -0.023-0.3502 -0.1457 -0.1411 -0.1201

52 tto 0.4385 713.91 -0.9414 -0.5861-0.4599 122 xcf 0.1444 0.1931 0.5279 8.0713 -0.9132

53 xcb -0.1132 -0.1488-0.2264 -0.1319 -0.1019 123 xac -0.078-0.0956 -0.09-0.0842 -0.0819

54 aut -0.0605-0.0728-0.0743-0.0539 -0.0517 124 eth 0.0916 1.7185-0.6559 -0.3107 -0.1816

55 bel -0.1117 0.6906-0.7774-0.4358 -0.4166 125 ken -0.0039 -1.9585 2.8426 1.2941 1.0193

56 cyp -0.0032 0.0499 -0.557 -0.1545-0.0872 126 mdg 0.4486 0.1858 -0.2451-0.2079 -0.1673

57 cze -0.0279 0.0014-0.0393-0.0285-0.0267 127 mwi -0.0463 -0.1642 -0.062 -0.0616-0.0604

58 dnk 0.1354 0.3347 0.1561 0.1189 0.0679 128 mus 0.455 4.091-0.5746-0.0822 0.0323

59 est 0.0878 0.2734-0.0292 0.0433 0.0468 129 moz -0.0432 0.1333 -0.1422-0.0853-0.0942

60 fin 0.0002 0.0024-0.0022 -0.001-0.0006 130 rwa -0.1041-0.0992 -0.1038-0.0954 -0.1052

61 fra -0.249 -0.1959 -0.3015-0.2204-0.2408 131 tza -0.0766-0.0294-0.2469 -0.107 -0.1162

62 deu 0.0557 0.0291 0.2177 0.1175 0.1094 132 uga 0.0023 0.263 -1.1209-0.2685-0.2227

63 grc -0.0519-0.0838-0.0489-0.0463-0.0488 133 zmb 0.0628-0.2072 -0.1715 -0.1387 -0.1254

64 hun -0.4555-0.8746 4.379 0.2785 0.1341 134 zwe 0.539 9.8139-0.9276-0.3602 -0.2136

65 irl 0.033 0.2542 -0.0771 0.0018-0.0357 135 xec -0.1016 0.9617 0.0428 0.0079-0.0237

66 ita -0.1366-0.3973 1.6829 0.2546 0.1761 136 bwa -0.1631-0.3508 0.0094-0.0964 -0.1185

67 lva -0.089-0.0594 -0.0891-0.0972-0.0872 137 nam -0.0998 3.0358-0.6986-0.3339 -0.193

68 ltu -0.1942 -0.2321 -0.1811 -0.1766 -0.1882 138 zaf 0.1696 1.0828-0.5666 -0.1379-0.0287

69 lux -0.2839-0.7258 1.4479 0.2356 0.1345 139 xsc 0.0008 0.0013-0.0008 0.0005 0.0005

70 mlt -0.0006-0.0043 0.0055-0.0002-0.0003 140 xtw -0.0859 -0.0601 0.0405 -0.1536 -0.1426
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