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Abstract: Feedbacks between elements of the society-biosphere-climate system play an important role in floods, and their connections evolve over time through changes in climate, land-use patterns, and infrastructure.  To identify and improve understanding of these natural and socio-economic interconnections, this paper applies an integrated assessment modelling approach to extreme flooding, in order to provide insight into both the near-term nature and long-term consequences of such events.  The integrated assessment model used here has eight sectors – climate, carbon cycle, hydrological cycle, water demand, water quality, population, land use, and economy – that are connected together through feedbacks.  Three different flooding experiments are conducted and compared against the general behaviour of the model.  Through a feedback-analysis approach, they reveal the importance of wastewater treatment and reuse efforts in reducing global water scarcity, and other related long-term effects of short-duration extreme events.  Although the model has significant limitations – a global resolution and annual timescale – it offers the valuable framework for tracing the complex, long-term socio-economic and natural effects of floods, and for identifying and understanding the changing conditions that cause them.
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1. Introduction

Integrated Assessment Modelling is based on an understanding that feedbacks and interconnections in the society-biosphere-climate system drive its evolution over time.  Their products, integrated assessment models, represent an attempt to move beyond isolated studies of the component parts of global problems (Dowlatabadi and Morgan, 1993) to a more inclusive approach, and connect different elements of socio-economic and natural systems to explore the interactions between them.  

Connections between natural and socio-economic systems play an important role in flooding.  According to Smith and Ward (1998: 5),  “although most floods are more or less natural phenomena, the flood hazard is largely of human origin” – in other words, flooding events become a problem only when people have settled in river basins and flood plains, and are therefore in harm’s way.  However, the interactions between natural and socio-economic systems that contribute to flooding disasters are not static, but instead evolve over time through changing climatic factors and through alterations of land-use patterns that involve deforestation, the establishment of agricultural land, the encroachment of urban areas into flood plains, and the construction of flood defences, for example.  

Basically, feedbacks within the society-biosphere-climate system influence floods, both in the short- and longer term; for this reason, Integrated Flood Management stresses the consideration of feedbacks between natural and human systems, and between land and water management (APFM, 2004).  The aim of this paper is therefore to present an integrated assessment approach to modelling floods.  Despite the limitations of the current model, described below, the experiments provide examples of the kinds of socio-economic and natural connections that could be incorporated into a higher resolution, regional flooding model, and of the potential benefits gained from such an approach.  The paper begins with a description of the model, and then changes model parameters to simulate flooding events of three different magnitudes.  Analysis of the experiments highlights the results of the floods, both in terms of their short-term, direct effects, and of their longer-term, indirect results.  The paper ends with conclusions. 

2. Model description

The model described in this paper reproduces the main characteristics of several important sectors in the society-biosphere-climate system.  Covering the period from 1960-2100, the model operates at an annual scale, so that it provides a long-term view of the feedback effects of global change, but disregards variations at seasonal or shorter timescales.  Of course, floods have short durations relative to the model timescale, so the focus here is on the long-term socio-economic effects of flooding rather than on the immediate aftermath of the event.

In terms of methodology, the research applies a system dynamics approach to model the feedbacks within and between components of the society-biosphere-climate system explicitly.  System dynamics focuses on systems that are characterized by dynamic complexity, which means that they have a relatively small number of components tightly coupled through numerous feedback loops, and their behaviour arises from the resulting feedback-rich system structure.  The overall goal of the system dynamics approach is an improved understanding of the basic connections and relationships within a system that determine its behaviour, rather than the prediction of future events.
Our model replicates the relevant dynamics of eight components of the society-biosphere-climate system at the sectoral, or single-component, level: climate, carbon cycle, hydrological cycle, water demand, water quality, population, land use, and economy (see Figure 1, below).  At the intersectoral level, feedbacks link the individual model sectors and thereby reproduce important dynamics of the Earth-system.  This linking of individual components produces a closed-loop structure in which each sector affects the others in a causal fashion.  All the major elements of the system are endogenous, or included explicitly, so that the dynamic behaviour of the model arises from the system structure, rather than from driving scenarios or trends. 
The individual model sectors interact with one another as described below; however, the individual model sectors are not described here in detail.  Instead, a detailed presentation of each sector is provided in Davies (2007).  The model’s climate sector represents the atmospheric and oceanic temperature changes caused by changing atmospheric concentrations of CO2 from both land-use changes and industrial emissions.  Changes in the global climate affect both the water sector, through the availability of surface water, and the economic sector, through a temperature-dependent economic damage term.  The related carbon-cycle sector focuses on the ability of the oceans and the terrestrial biosphere to absorb anthropogenic greenhouse gases, while the population sector represents the human population growth and decline that result from changes in freshwater availability, as measured by a water stress indicator.  Population influences economic growth through both consumption and the provision of labour, and affects the land-use sector, where GHG emissions result from land use change and biome transformation.  The economy produces industrial emissions that increase the carbon cycle’s atmospheric CO2 levels, and, along with population, influences water demand.  The water sector has two components, water use and surface flow, that model water demand over time in the domestic, industrial, and agricultural sectors, as well as the availability of surface water in the natural hydrological cycle. 
Flooding affects surface water availability, in terms of water quality and erosion, infrastructure and buildings, and the economy in general.  Model variables that include flooding effects therefore involve wastewater treatment facilities and treated wastewater reuse programs and infrastructure, the global capital stock, the area of irrigated land, and the availability of desalinated and ground-water.  Changes in natural hydrological variables like rainfall and surface runoff are not simulated because of the annual timeframe of the model.  In other words, while the effects of both long-term natural and socio-economic change on hydrological variables are simulated, shorter term, local-to-regional-scale hydrological extremes are omitted.
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Figure 1: Model Feedback Structure (after Davies, 2007)

3. Experimentation

Experiments with the model demonstrate its performance both in the base case and in a set of flooding-related simulations.  The first section below describes the model’s “base run”, which is generated using the initial model configuration, and serves as the basis for comparison with the results of model experiments.  Next, the three flooding experiments are configured before their simulation, after which the experimental results are compared to see the effects of flooding on model behaviour.

3.1 Base Run

The initial model configuration gives the “base run” results provided in Table 1, below.  In terms of general results, the base run simulates a doubling of global population from 1960 to 2000, and then a slower increase to 2100.  The model-generated population numbers from 1960-2000 match United Nations figures (UNESA, 2006) quite closely, while the other variables in the feedback loop of Figure 1 also increase as expected over the 140-year simulation period.  The modelled temperature increases from 1960 to the present, but is roughly half the value suggested in the literature for the period 1978-2004 because of the relatively small climate sensitivity of the model.  Atmospheric carbon dioxide levels are roughly 15 ppm lower than those in the literature, but increase at the same rate.  Values for net primary productivity (NPP), which is the net flux of carbon dioxide from the atmosphere into green plants, compare well with both observed and simulated figures from the literature, with a 2000 value of 60 Gt C yr-1.  Economic output from 1960 to 2005 matches figures from the World Bank (WDI Online, 2007) closely, with a 1960 value of $5.5x1012 yr-1 in 1990 U.S. dollars at market exchange rates, and a 2005 value of $29.7x1012 yr-1, while the difference in cumulative industrial emissions as simulated by the model and measured by Marland et al. (2007) is only 2.7 Gt C, or 1.2%, over 40 years.
Table 1: Behaviour of Important Model Components in the Base Run Simulation

	Model Element
	1960
	2000
	2050
	2100

	Global Population (in people)
	3.02x109
	6.09x109
	9.36x109
	11.7x109

	Temperature Change
	0°C
	0.18°C
	0.72°C
	1.60°C

	Atmospheric CO2 Level
	309 ppm
	354 ppm
	462 ppm
	624 ppm

	GDP (1990 US$)
	5.45x1012
	26.4x1012
	58.3x1012
	96.9x1012

	Global Tropical Forest Cover
	3814 Mha
	3311 Mha
	2226 Mha
	755 Mha

	Surface Water Flow Change
	0 km3 yr-1
	-269 km3 yr-1
	-37 km3 yr-1
	603 km3 yr-1

	Surface Water Withdrawals
	1961 km3 yr-1
	3874 km3 yr-1
	4253 km3 yr-1
	4328 km3 yr-1

	Surface Water Consumption
	1120 km3 yr-1
	2145 km3 yr-1
	2550 km3 yr-1
	2826 km3 yr-1

	Global Water Stress
	0.38
	0.65
	0.50
	0.39


In terms of the water sector, total available surface water decreases first to 2000, as a result of reservoir construction, and then increases from 2000 to 2100 as climate change and the related enhancement of the hydrological cycle compensate (see Huntington, 2006).  Furthermore, surface water withdrawals increase strongly to 2000, and then remain basically constant over the next century, while surface water consumption grows quickly from 1960 to 2000, and then rises more slowly over the next hundred years.  These behaviours result from technological change, and from increases in efficiency, reservoir surface-evaporation, and wastewater treatment and reuse.  In terms of actual values, simulated global domestic, industrial, and agricultural water withdrawal and consumption volumes match historical figures from Shiklomanov (2000) very closely, as shown in Table 2.

Table 2: Shiklomanov (2000) versus Model for Withdrawal and Consumption Values (km3 yr-1)

	
	Assessment
	
	Forecast

	Year
	1960
	1970
	1980
	1990
	1995
	
	2000

	Total Withdrawals
	1968
	2526
	3175
	3633
	3788
	
	3973

	Total Consumption
	1086
	1341
	1686
	1982
	2074
	
	2182

	
	
	
	
	
	
	
	

	Modeled Withdrawals
	1961
	2542
	3121
	3631
	3758
	
	3870

	Modeled Consumption
	1120
	1390
	1682
	1996
	2076
	
	2144


Simulated water withdrawal and consumption values into the future are lower than Shiklomanov’s (2000) and are closer to those of Cosgrove and Rijsberman (2000) and Alcamo et al. (2003) by 2025, at 4262 km3 yr-1 and 2400 km3 yr-1, respectively.  Finally, the simulated water stress levels peak around 2000, and then decrease over the next hundred years as wastewater treatment and reuse programs become more common.  Note that the water stress definition used here is different from the standard version, since it includes the effects of water pollution on water scarcity levels – Shiklomanov (2000) states that every cubic meter of polluted water renders between eight to ten cubic meters of fresh water unusable, and Simonovic (2002) finds that water pollution may be one of the most pressing problems of our time.  

3.2 Experimental Configuration

The three experiments undertaken here demonstrate the effects of different flooding magnitudes from small to large, where experiment one is the small flooding event, experiment two is the medium-sized event, and experiment three is the large flood.  The floods are not, in themselves, intended to represent realistic conditions, but can be understood to represent the consequences of an intensification of the hydrological cycle due to climatic change, which manifests itself as a series of extreme flooding or drought events that occur simultaneously throughout the world.  Each flood begins in 2010 and lasts for one year to represent the short-term socio-economic consequences of such an extreme event.

The three floods affect the variables listed in the model description, but to different degrees, as shown in Table 3.  These changes in variables then have the direct, or immediate, effects in 2011 given in Table 4, below.  Notice in Table 3 that the flood effects are represented as simple multiples, so that, for example, the stable, useable surface water percentage decreases by multiples of 2% for each flood.  Furthermore, the variables affected do not include agricultural characteristics, such as crop damage or agricultural land losses (with the exception of water use for irrigation), and flood-related fatalities are excluded.
Table 3: Imposed Variable Changes in 2010 for the Flooding Events of the Three Experiments

	Model Component
	Base Run
	Experiment 1
	Experiment 2
	Experiment 3

	Useable Surface Water (%)
	37
	35
	33
	31

	Capital Depreciation (% yr-1)
	6.45
	9.68
	12.90
	16.13

	Irrigation Expansion (Mha yr-1)
	1.67
	-3.90
	-9.48
	-15.1

	Wastewater Reuse Increase (% yr-1)
	0.68
	-1.28
	-3.24
	-5.20

	Domestic Treatment Increase (% yr-1)
	1.41
	-0.51
	-2.44
	-4.36

	Industrial Treatment Increase (% yr-1)
	0.51
	-1.47
	-3.44
	-5.41

	Agricultural Pollution (%)
	80
	87.5
	95
	100

	Groundwater Withdrawal Incr. (% yr-1)
	0
	-3.20
	-12.82
	-24.44


Table 4: Direct Effects in 2011 of Imposed Variable Changes for the Three Flooding Events
	Model Component
	Base Run
	Experiment 1
	Experiment 2
	Experiment 3

	Available Surface Water (km3 yr-1)
	15304
	15316
	15328
	15339

	Capital Stock (1990 US $1x1012)
	90.6
	87.8
	85.1
	82.5

	Irrigated Area (Mha)
	280.4
	274.9
	269.4
	264.1

	Treated Wastewater Reuse (%)
	21.8
	19.8
	17.8
	15.6

	Domestic Treatment (%)
	66.8
	64.8
	62.9
	60.5

	Industrial Treatment (%)
	59.3
	57.3
	55.3
	53.2

	Agricultural Water Withdr. (km3 yr-1)
	2598
	2552
	2508
	2465

	Groundwater Withdrawal (km3 yr-1)
	8.4
	8.1
	7.3
	6.3


Several of the values in Table 4 require explanation.  In the case of the available surface water, each consecutively-larger flood results in higher volumes of available surface water.  This result is actually quite easily explained: water consumption decreases because of the destruction of a fraction of the irrigated area, and so more surface water is available for other purposes.  Domestic and industrial wastewater treatment is reduced in each experiment because of the destruction of the associated infrastructure; furthermore, the same damage occurs in the case of treated wastewater reuse projects.  Capital stock, which consists of buildings and infrastructure and is frequently located in highly-populated flood plains or coastal regions (Smith and Ward, 1998), also sustains serious flood damage.  Finally, fossil-groundwater pumping facilities are damaged by the flooding as well – note that the groundwater withdrawals of Table 4 relate to withdrawals of non-renewable groundwater, and not to the renewable groundwater in shallow aquifers that is included here in regular surface water withdrawal calculations.
3.3 Experimental Results

Two behavioural patterns evident in the experimental results require analysis: 1) the model results fail to show extreme behavioural change from one flood magnitude to the next, while 2) they reveal the long-term damage caused by the flooding disasters.

Complex, nonlinear systems, such as the one represented in the model, exhibit one of six fundamental behavioural modes: exponential growth, goal-seeking, S-shaped growth, oscillation, growth with overshoot, and overshoot and collapse.  Goal-seeking behaviour typifies the model response in general, and that form of behaviour does not change here, despite the imposition of extreme flooding conditions.  In other words, as shown in Figure 2, the imposed changes do not cause the model to cross a threshold to different behavioural patterns.  In the case of surface water withdrawals, decreases from the 2030s to the 2070s represent the effects of increasing reuse of treated wastewater, while increases from the 2070s onward occur after the maximum volume of treated wastewater reuse is reached, and reuse can then no longer counteract the effects of increasing agricultural withdrawals.  

However, the second point is perhaps more significant: the damage caused to the global socio-economic and natural system in 2010 through flooding is clearly visible at the end of the simulated period in 2100.  The flooding events have caused lasting damage.  
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Figure 2: Surface Water Withdrawals for the Four Simulations from 2000-2100
In general, the imposed changes described in Table 3 cause the variables listed in Table 4 to track the behaviour of the base run variable after some delay.  For example, wastewater treatment and reuse percentages increase over time in all four simulations because water stress drives the implementation of treatment facilities and reuse programs.  These percentages track the base run percentages very closely, so that, for example, the maximum domestic treatment percentage is attained in the base run in 2030.5, and in experiments one to three in 2032, 2033.5, and 2035, respectively – the delay here is 1.5 years – while wastewater reuse shows a range in delays of 4 to 4.75 years as the flooding events increase in magnitude.  In the case of the economic sector, in which flooding causes accelerated depreciation of the capital stock, the differences in the capital stock actually narrow over time, an effect explained by the Solow growth model (see Williamson, 2004) that forms the basis of the economic sector.  To see this narrowing, compare the capital stock values in Table 4 with the final, year 2100 values of $291.1x1012, $290.3x1012, $289.4x1012, and $288.5x1012, for the base run and experiments one to three, respectively.
Of course, the model also contains many feedbacks that can cause variables to interact unpredictably.  These variables, which are indirectly affected by the parameter changes of Table 3, can exhibit very different patterns of behaviour from the base run.  In such cases, feedback analysis becomes useful.  Feedback analysis traces the effects of the imposed parameter changes backwards, from one key variable to another through the model, to find the origin of the behavioural shift.  As explained in Davies (2007), the approach works either with individual simulations or with Monte Carlo sensitivity analyses.  

Examples of variables affected indirectly by the flooding experiments are water stress levels and the global population.  Water stress varies considerably over the course of the simulations, as shown in Figure 3, increasing sharply in the three experiments in 2010 because of the flood, and then decreasing from 2011-2100 because of increasing wastewater treatment and reuse, and improvements in water use efficiency.  The largest flood (experiment three) clearly results in the highest water stress levels for the majority of the simulation period, because of lasting damage to water-related infrastructure; however, model feedbacks result in an interesting occurrence in the mid-2070s: for the first time, water stress values in the three experiments become lower than in the base run.  This behavioural shift is apparent in the enlargement of the 2070-2100 period in the upper-right corner of Figure 3.
The shift in the water stress behaviour results from the convergence of a variety of factors that include wastewater treatment, the reuse of treated wastewater, and agricultural and total water withdrawals.  Prior to the 2070s, the volume of untreated industrial wastewater is highest in the largest-magnitude flood experiment and smallest in the base run – recall that the maximum domestic wastewater percentage is reached by the 2030s in all four simulations.  Furthermore, the volume of treated wastewater reuse is smallest in experiment three because of the flood-damage to the wastewater treatment and reuse infrastructures.  For example, the volumes of untreated industrial wastewater and of wastewater reuse in 2050 are 71.9, and 245.0 km3 yr-1, and 48.4, and 327.9 km3 yr-1 in experiment three and the base run, respectively.  The effective (“including pollution”) withdrawal volume in experiment three is therefore 371 km3 yr-1 higher than in the base run value, which explains the higher water stress value.
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Figure 3: Water Stress Differences between the Base Run and the Three Flooding Experiments

However, the situation changes during the 2070s.  At this point, wastewater reuse percentages reach their maximum in all four simulation runs, so that the reuse volume of treated wastewater in all four simulations is very similar – the difference between the base run (highest) and experiment three (lowest) is only 10 km3 yr-1 in 2080.  At the same time, the differences in the volumes of surface water withdrawal (see Figure 2) and untreated wastewater are 163 km3 yr-1 and 18 km3 yr-1, where the base run values are highest.  Agricultural water withdrawals are the cause of the surface water withdrawal difference, and are lowest in experiment three because of the loss of irrigated land in the flood.  Higher agricultural water use in the base run then results in a greater volume of polluted surface water, as compared with the three flooding experiments, and a higher water stress value.  In other words, wastewater treatment, wastewater reuse, and agricultural water withdrawals all interact to determine the water stress value.  The results of this interaction were clearly analyzed easily using a feedback-based approach, but their cause was not immediately apparent without such an approach.

Water stress affects many different model variables through feedbacks, including, critically, the global population (see Figure 1, above).  Because of the higher water stress in the flooding experiments until the 2070s, the global population in 2075 in the base run and in experiments one to three, respectively, is 10.63x109, 10.60x109, 10.57x109, and 10.55x109 people; and while the rate of divergence in population decreases as the water stress values reverse in order after the 2070s – again, see the inset portion of Figure 3 – the differences in global population between the simulations continue to grow, with values in 2100 of 11.73x109, 11.69x109, 11.65x109, and 11.60x109 people.  In other words, the immediate effects of the flood, in reduced surface water availability and in longer-term damage to the wastewater treatment and reuse infrastructure and to the global economy, have long-term effects on the global population.
These differences in population values between the simulations have feedback effects on other elements of the society-biosphere-climate system.  For example, the damage to the global economy from the flooding events means that industrial carbon dioxide emissions are lowest in experiment three and highest in the base run, at 7.6 and 7.4 Gt yr-1 in 2011 and 14.0 and 13.8 Gt yr-1 at 2100, respectively, and atmospheric carbon dioxide concentrations in 2100 are therefore lower in experiment three than in the base run by 3 ppm.  The effect of this difference is to cause the global surface temperature to be 0.016ºC lower in experiment three.  These are small differences, certainly, but they are important differences nonetheless, because they show how feedbacks affect model results.  Of course, more extreme alterations in behaviour can occur through other changes in parameter values – see Davies (2007).

4. conclusions

This paper describes an integrated assessment approach to flood modelling that focuses on feedbacks both within and between multiple elements of the social-economic-climatic system.  The model has eight major sectors – climate, carbon cycle, economy, surface water flow, water use, water quality, population, and land use – that interact with one another.  Simple changes to several parameters in different sectors of the model allow the simulation of both short-term and long-term effects of flooding, and of its socio-economic and environmental effects.  Next, the application of feedback analysis to the simulation results clarifies causal relationships between different model elements, some of which are hidden or unexpected, and provides greater understanding of both the direct and indirect effects of the imposed changes.

Specifically, comparison of the three flooding experiments with the base run reveals the importance of wastewater treatment and reuse infrastructures in reducing global water scarcity.  The direct effects of their damage last from the time of the flood event itself until the end of the simulated period, while the indirect effects of such damage include elevated water stress levels, shifts in late-simulation water scarcity levels, and divergences in global population.  Population change then affects both socio-economic and natural variables.  In other words, significant disruptions in complex systems, like the one represented by the model, have lasting, unpredictable effects.  Modelling provides an opportunity to identify and learn about these feedback effects, and to develop appropriate management strategies.
Of course, the model faces significant limitations in its applicability to flooding events.  Its global resolution and annual timescale mean that it cannot simulate important small-scale or short-term processes, and its omission of short-term health effects, agricultural production (except from the perspective of water demand), reservoirs, dams, and flood-protection works, mean that it cannot simulate mortality or morbidity, crop loss or land inundation.  However, the value of the model lies in its representation of the society-biosphere-climate system as a set of interacting components, and the capacity it provides both to trace the complex, long-term socio-economic and environmental effects of extreme events, and to identify and understand the changing conditions that can cause them.  The approach taken here towards integrating the socio-economic and natural systems into a single simulation framework could be applied at finer spatial and temporal scales.  A first step in regionalization might involve the separate modelling of tropical and mid-latitude to polar regions, which have significantly different hydrological characteristics, and the separation of drought and flooding events.
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		2037		2037		2037		2037

		2038		2038		2038		2038

		2039		2039		2039		2039

		2040		2040		2040		2040

		2041		2041		2041		2041

		2042		2042		2042		2042

		2043		2043		2043		2043

		2044		2044		2044		2044

		2045		2045		2045		2045

		2046		2046		2046		2046

		2047		2047		2047		2047

		2048		2048		2048		2048

		2049		2049		2049		2049

		2050		2050		2050		2050

		2051		2051		2051		2051

		2052		2052		2052		2052

		2053		2053		2053		2053

		2054		2054		2054		2054

		2055		2055		2055		2055

		2056		2056		2056		2056

		2057		2057		2057		2057

		2058		2058		2058		2058

		2059		2059		2059		2059

		2060		2060		2060		2060

		2061		2061		2061		2061

		2062		2062		2062		2062

		2063		2063		2063		2063

		2064		2064		2064		2064

		2065		2065		2065		2065

		2066		2066		2066		2066

		2067		2067		2067		2067

		2068		2068		2068		2068

		2069		2069		2069		2069

		2070		2070		2070		2070

		2071		2071		2071		2071

		2072		2072		2072		2072

		2073		2073		2073		2073

		2074		2074		2074		2074

		2075		2075		2075		2075

		2076		2076		2076		2076

		2077		2077		2077		2077

		2078		2078		2078		2078

		2079		2079		2079		2079

		2080		2080		2080		2080

		2081		2081		2081		2081

		2082		2082		2082		2082

		2083		2083		2083		2083

		2084		2084		2084		2084

		2085		2085		2085		2085

		2086		2086		2086		2086

		2087		2087		2087		2087

		2088		2088		2088		2088

		2089		2089		2089		2089

		2090		2090		2090		2090

		2091		2091		2091		2091

		2092		2092		2092		2092

		2093		2093		2093		2093

		2094		2094		2094		2094

		2095		2095		2095		2095

		2096		2096		2096		2096

		2097		2097		2097		2097

		2098		2098		2098		2098

		2099		2099		2099		2099

		2100		2100		2100		2100



Base Run

Experiment 1

Experiment 2

Experiment 3

Time (yr)

Water Stress (-)

0.6949462891

0.6949462891

0.6949462891

0.6949462891

0.6954411864

0.6954411864

0.6954411864

0.6954411864

0.6971862316

0.6971862316

0.6971862316

0.6971862316

0.6992642879

0.6992642879

0.6992642879

0.6992642879

0.7015926838

0.7015926838

0.7015926838

0.7015926838

0.701190114

0.701190114

0.701190114

0.701190114

0.7006095052

0.7006095052

0.7006095052

0.7006095052

0.6997825503

0.6997825503

0.6997825503

0.6997825503

0.6987015605

0.6987015605

0.6987015605

0.6987015605

0.6973589659

0.6973589659

0.6973589659

0.6973589659

0.6957474947

0.7659337521

0.8446256518

0.9220166206

0.6951770782

0.7653381228

0.8438838124

0.9210285544

0.6945893168

0.7648364305

0.8433891535

0.9204833508

0.6939840913

0.7643640637

0.8429948688

0.9201341271

0.6933611631

0.694257915

0.6955413818

0.6969575286

0.6927204728

0.6937163472

0.6951639652

0.6967363954

0.6920618415

0.6930981874

0.6946566105

0.696336329

0.6913850904

0.6925228238

0.6941277385

0.6959137917

0.6906901598

0.6919335127

0.693577826

0.6954697371

0.6877257228

0.6893867254

0.6911763549

0.6934900284

0.6844596863

0.6865392327

0.6886810064

0.6912032366

0.6808972955

0.6834028959

0.685962379

0.6886329651

0.67703408

0.6799761653

0.682964921

0.6860253811

0.672850728

0.6762413383

0.679672718

0.6831700206

0.6683402658

0.6721923351

0.6760803461

0.6800297499

0.6634958982

0.6678224802

0.6721814871

0.6765984893

0.658310771

0.6631250978

0.6679694653

0.6728695631

0.652767241

0.6580821872

0.663425982

0.6688246131

0.646871388

0.6526995897

0.658556819

0.6644691229

0.6406166553

0.6469703317

0.6533546448

0.6597956419

0.6339972019

0.6408881545

0.6478127241

0.6547970772

0.6269521713

0.6343927979

0.6418715119

0.6494144797

0.6188697815

0.6268717647

0.6349179745

0.643034339

0.6104336977

0.6190056801

0.6276295781

0.6363313198

0.6016397476

0.6107892394

0.6200003624

0.6292989254

0.5925144553

0.6022241116

0.612030983

0.6219363809

0.5831059813

0.59332335

0.6037150621

0.6142380238

0.5770590901

0.5841382742

0.5950593352

0.6061985493

0.5737098455

0.5755969286

0.5861163735

0.5978173614

0.57025069

0.5724237561

0.5769007206

0.5891394615

0.5666834712

0.5691404343

0.5719151497

0.5801898241

0.5630095005

0.5657516718

0.5688263178

0.5722565651

0.5592290759

0.5622586608

0.565633297

0.5693804026

0.5553427339

0.5586619973

0.5623386502

0.5664026141

0.5513517261

0.5549626946

0.5589439273

0.5633271933

0.547257483

0.5511618853

0.5554501414

0.5601557493

0.5430615544

0.5472607017

0.5518581867

0.556889236

0.5387657881

0.5432604551

0.548168838

0.5535280704

0.5343719125

0.5391623974

0.5443831086

0.550072968

0.5298820734

0.534968257

0.5405020714

0.5465245843

0.5252982974

0.5306795835

0.5365269184

0.5428835154

0.5206230283

0.5262982249

0.532458961

0.5391507745

0.5158581734

0.5218257308

0.5282993317

0.5353267789

0.5110058188

0.5172637701

0.5240490437

0.5314123034

0.5060688257

0.5126145482

0.5197100043

0.5274086595

0.5010501146

0.5078805089

0.515284121

0.5233172178

0.4959245622

0.503036797

0.510746479

0.5191131234

0.4910443425

0.4984277487

0.5064340234

0.5151258707

0.4860937297

0.4937440455

0.5020434856

0.5110582709

0.4810760915

0.4889886379

0.4975773692

0.5069122314

0.475994885

0.4841644764

0.4930381775

0.502689898

0.4708535075

0.4792746007

0.4884284735

0.4983932078

0.4656551182

0.4743216932

0.4837505221

0.4940239489

0.4604028165

0.4693085849

0.4790066779

0.4895840883

0.4551003277

0.464238584

0.4741998315

0.4850759506

0.4497514069

0.4591150582

0.469332993

0.4805020988

0.4443598092

0.4539414942

0.4644092023

0.4758651555

0.438929379

0.448721379

0.4594316483

0.4711678326

0.4334639907

0.4434583783

0.4544035494

0.4664129615

0.4279675186

0.4381560683

0.4493282139

0.4616034329

0.4224438965

0.4328181148

0.4442090392

0.4567421973

0.4168970287

0.4274482429

0.4390493929

0.4518323541

0.4113306105

0.4220499694

0.4338524938

0.4468767643

0.4057483077

0.4166267812

0.4286217391

0.441878438

0.4039228559

0.4111824334

0.4233605862

0.4368405938

0.4029117525

0.4057207406

0.4180726707

0.4317665696

0.4019142389

0.4002454281

0.4127615392

0.4266597033

0.4009307325

0.3947602212

0.4074307978

0.4215233624

0.3999614418

0.3930965662

0.4020840824

0.4163609147

0.3990067542

0.3921368718

0.3967249095

0.4111758471

0.3980669081

0.3911916912

0.3913569152

0.4059715271

0.3971421719

0.3902612329

0.3859835565

0.4007514417

0.3962325156

0.3893454969

0.3825971484

0.3955186307

0.3953379393

0.3884444237

0.3816916049

0.3902762234

0.3944587409

0.3875583112

0.3808006346

0.3850276768

0.3935952187

0.386687398

0.3799245358

0.3797763288

0.392747581

0.3858319521

0.3790634871

0.3745255172

0.3919160962

0.3849923015

0.3782177866

0.3715488017

0.3911010623

0.3841685951

0.3773876429

0.3707147241

0.3903026581

0.3833610713

0.376573354

0.3698961139

0.3895211518

0.3825699985

0.3757750094

0.3690931201

0.388756752

0.3817955852

0.3749929368

0.3683059812

0.388009429

0.3810378015

0.374227047

0.3675346375

0.3872792125

0.3802966475

0.3734773397

0.366779089

0.3865663111

0.3795723319

0.3727440536

0.3660395145

0.3858709633

0.378865093

0.3720273376

0.3653161228

0.3855246902

0.3781750798

0.3713274598

0.3646091223

0.3855102956

0.3775025308

0.3706445396

0.3639186323

0.3855041862

0.376847595

0.3699787557

0.363244921

0.3855066597

0.3762103617

0.3693303466

0.362588048

0.3855178654

0.3755910993

0.368699342

0.3619482517

0.385537982

0.374989897

0.3680859804

0.3613255918

0.3855670691

0.374548018

0.3674902618

0.3607202172

0.3856051862

0.3745800257

0.3669123054

0.3601320982

0.3856524527

0.3746204078

0.3663522303

0.3595614433

0.3857089877

0.3746697009

0.3658100665

0.3590082824

0.3857749701

0.374728173

0.3652859628

0.3584727645



Surface Withdrawal

		Surface Water Withdrawals for Flood Experiments

		Time (Year)		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2010.25		2010.5		2010.75		2011		2011.25		2011.5		2011.75		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		Base Run		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.74609375		3878.8342285156		3881.8986816406		3884.9392089844		3887.9555664063		3890.9477539063		3893.9155273438		3896.8581542969		3899.7758789063		3911.19140625		3922.1862792969		3932.9067382813		3943.3237304688		3953.2551269531		3962.68359375		3971.5910644531		3979.9594726563		3987.7697753906		3995.0029296875		4001.6398925781		4007.6613769531		4012.7719726563		4013.8735351563		4014.3249511719		4014.1125488281		4013.2797851563		4011.8642578125		4011.9265136719		4013.2355957031		4014.138671875		4014.6330566406		4014.7172851563		4014.3881835938		4013.6428222656		4012.4819335938		4010.9067382813		4008.9184570313		4006.5192871094		4003.7124023438		4000.5007324219		3996.8884277344		3992.8796386719		3988.4782714844		3983.6884765625		3978.5166015625		3972.9692382813		3966.9118652344		3962.1689453125		3957.09375		3951.6940917969		3945.9790039063		3939.95703125		3933.6364746094		3927.0261230469		3920.1359863281		3912.9763183594		3905.5578613281		3897.8916015625		3889.9887695313		3881.8605957031		3873.5187988281		3864.9748535156		3856.2399902344		3847.3254394531		3850.0239257813		3855.185546875		3860.3115234375		3865.4028320313		3870.4602050781		3875.4841308594		3880.4753417969		3885.4343261719		3890.361328125		3895.255859375		3900.1186523438		3904.9506835938		3909.7521972656		3914.5239257813		3919.2666015625		3923.9807128906		3928.6665039063		3933.3249511719		3937.9558105469		3942.5588378906		3947.1350097656		3951.6843261719		3956.5537109375		3961.7375488281		3966.8859863281		3971.9997558594		3977.0788574219		3982.1240234375		3987.1352539063		3992.1123046875		3997.0559082031		4001.9658203125		4006.8427734375

		Experiment 1		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.6833496094		3869.279296875		3863.0717773438		3856.9045410156		3850.8381347656		3853.8813476563		3856.7478027344		3859.7180175781		3862.677734375		3874.3022460938		3885.5708007813		3896.6374511719		3907.46875		3917.8723144531		3927.830078125		3937.3237304688		3946.333984375		3954.8415527344		3962.8269042969		3970.2702636719		3977.1513671875		3983.1804199219		3985.3037109375		3986.8254394531		3987.7287597656		3988.0283203125		3987.71875		3986.841796875		3985.8654785156		3987.5427246094		3988.8269042969		3989.7172851563		3990.2102050781		3990.3017578125		3989.9914550781		3989.2790527344		3988.1645507813		3986.6491699219		3984.7338867188		3982.4204101563		3979.7114257813		3976.6098632813		3973.1176757813		3969.2377929688		3964.9748535156		3960.3337402344		3955.181640625		3951.3054199219		3947.0895996094		3942.5412597656		3937.6672363281		3932.4750976563		3926.9716796875		3921.1640625		3915.0612792969		3908.6723632813		3902.0068359375		3895.07421875		3887.8850097656		3880.4489746094		3872.7768554688		3864.8793945313		3856.7670898438		3848.4501953125		3839.9396972656		3831.2473144531		3822.3842773438		3813.3620605469		3816.16015625		3821.0778808594		3825.962890625		3830.8159179688		3835.6369628906		3840.4252929688		3845.1821289063		3849.9079589844		3854.6032714844		3859.2685546875		3863.9047851563		3868.5119628906		3873.0910644531		3877.642578125		3882.166015625		3886.6616210938		3891.1298828125		3895.5712890625		3899.986328125		3904.3752441406		3908.7385253906		3913.0766601563		3917.3898925781		3921.6787109375		3926.0881347656		3930.9645996094		3935.8071289063		3940.6162109375		3945.3920898438

		Experiment 2		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.6208496094		3859.9182128906		3844.736328125		3829.7573242188		3815.0954589844		3818.306640625		3821.2045898438		3824.0844726563		3826.9462890625		3838.2038574219		3849.5830078125		3860.9499511719		3872.1535644531		3882.990234375		3893.4411621094		3903.4870605469		3913.1081542969		3922.2844238281		3930.9958496094		3939.2216796875		3946.9418945313		3953.87109375		3957.0002441406		3959.5795898438		3961.5905761719		3963.0446777344		3963.9191894531		3964.2009277344		3963.9326171875		3963.1196289063		3964.1198730469		3965.8403320313		3967.1799316406		3968.1350097656		3968.7041015625		3968.8859863281		3968.6796875		3968.0844726563		3967.1003417969		3965.7280273438		3963.9677734375		3961.8217773438		3959.2902832031		3956.3745117188		3953.0778808594		3949.4035644531		3945.2199707031		3942.2768554688		3938.9904785156		3935.3654785156		3931.4079589844		3927.1232910156		3922.5170898438		3917.5949707031		3912.3647460938		3906.8334960938		3901.0095214844		3894.9013671875		3888.517578125		3881.8671875		3874.9597167969		3867.8044433594		3860.4108886719		3852.7885742188		3844.9475097656		3836.8981933594		3828.6516113281		3820.2180175781		3811.6083984375		3802.8337402344		3793.9047851563		3784.8325195313		3781.8459472656		3786.5251464844		3791.1726074219		3795.7890625		3800.375		3804.9309082031		3809.4575195313		3813.955078125		3818.4243164063		3822.8657226563		3827.2790527344		3831.6643066406		3836.0219726563		3840.3522949219		3844.65625		3848.9338378906		3853.1853027344		3857.4116210938		3861.6125488281		3865.7888183594		3869.9404296875		3874.0676269531		3878.1704101563		3882.2492675781		3886.3039550781

		Experiment 3		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.5581054688		3850.6206054688		3826.6276855469		3803.0930175781		3780.1735839844		3783.5241699219		3786.4379882813		3789.3391113281		3792.2270507813		3803.6401367188		3814.8132324219		3825.9128417969		3837.3818359375		3848.6130371094		3859.521484375		3870.0864257813		3880.2873535156		3890.1037597656		3899.5146484375		3908.4995117188		3917.0373535156		3924.8479003906		3928.9663085938		3932.58984375		3935.6994628906		3938.3015136719		3940.37890625		3941.9052734375		3942.8635253906		3943.2854003906		3943.1867675781		3943.1691894531		3945.3862304688		3947.2368164063		3948.7194824219		3949.8327636719		3950.57421875		3950.9423828125		3950.9357910156		3950.5532226563		3949.7946777344		3948.6599121094		3947.1484375		3945.259765625		3942.9956054688		3940.3579101563		3937.2158203125		3935.2834472656		3933.0068359375		3930.3896484375		3927.4357910156		3924.1494140625		3920.5344238281		3916.5949707031		3912.3369140625		3907.7663574219		3902.8896484375		3897.7136230469		3892.2456054688		3886.4931640625		3880.4643554688		3874.1669921875		3867.6096191406		3860.8000488281		3853.7475585938		3846.4614257813		3838.951171875		3831.2268066406		3823.2980957031		3815.1750488281		3806.8676757813		3798.3864746094		3789.7412109375		3780.9409179688		3771.9968261719		3762.9189453125		3753.7177734375		3751.5119628906		3755.92578125		3760.3107910156		3764.6672363281		3768.9958496094		3773.2961425781		3777.568359375		3781.8125		3786.029296875		3790.2194824219		3794.3828125		3798.5202636719		3802.6320800781		3806.7182617188		3810.7795410156		3814.8159179688		3818.8273925781		3822.814453125		3826.7770996094		3830.7155761719





Surface Withdrawal

		



Base Run

Experiment 1

Experiment 2

Experiment 3

Time (yr)

Water Volume (km3 yr-1)



Water Stress

		Water Stress for Flooding Experiments

		Time (Year)		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2010.25		2010.5		2010.75		2011		2011.25		2011.5		2011.75		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		Base Run		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.6957474947		0.6951770782		0.6945893168		0.6939840913		0.6933611631		0.6927204728		0.6920618415		0.6913850904		0.6906901598		0.6877257228		0.6844596863		0.6808972955		0.67703408		0.672850728		0.6683402658		0.6634958982		0.658310771		0.652767241		0.646871388		0.6406166553		0.6339972019		0.6269521713		0.6188697815		0.6104336977		0.6016397476		0.5925144553		0.5831059813		0.5770590901		0.5737098455		0.57025069		0.5666834712		0.5630095005		0.5592290759		0.5553427339		0.5513517261		0.547257483		0.5430615544		0.5387657881		0.5343719125		0.5298820734		0.5252982974		0.5206230283		0.5158581734		0.5110058188		0.5060688257		0.5010501146		0.4959245622		0.4910443425		0.4860937297		0.4810760915		0.475994885		0.4708535075		0.4656551182		0.4604028165		0.4551003277		0.4497514069		0.4443598092		0.438929379		0.4334639907		0.4279675186		0.4224438965		0.4168970287		0.4113306105		0.4057483077		0.4039228559		0.4029117525		0.4019142389		0.4009307325		0.3999614418		0.3990067542		0.3980669081		0.3971421719		0.3962325156		0.3953379393		0.3944587409		0.3935952187		0.392747581		0.3919160962		0.3911010623		0.3903026581		0.3895211518		0.388756752		0.388009429		0.3872792125		0.3865663111		0.3858709633		0.3855246902		0.3855102956		0.3855041862		0.3855066597		0.3855178654		0.385537982		0.3855670691		0.3856051862		0.3856524527		0.3857089877		0.3857749701

		Experiment 1		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.7659337521		0.7653381228		0.7648364305		0.7643640637		0.694257915		0.6937163472		0.6930981874		0.6925228238		0.6919335127		0.6893867254		0.6865392327		0.6834028959		0.6799761653		0.6762413383		0.6721923351		0.6678224802		0.6631250978		0.6580821872		0.6526995897		0.6469703317		0.6408881545		0.6343927979		0.6268717647		0.6190056801		0.6107892394		0.6022241116		0.59332335		0.5841382742		0.5755969286		0.5724237561		0.5691404343		0.5657516718		0.5622586608		0.5586619973		0.5549626946		0.5511618853		0.5472607017		0.5432604551		0.5391623974		0.534968257		0.5306795835		0.5262982249		0.5218257308		0.5172637701		0.5126145482		0.5078805089		0.503036797		0.4984277487		0.4937440455		0.4889886379		0.4841644764		0.4792746007		0.4743216932		0.4693085849		0.464238584		0.4591150582		0.4539414942		0.448721379		0.4434583783		0.4381560683		0.4328181148		0.4274482429		0.4220499694		0.4166267812		0.4111824334		0.4057207406		0.4002454281		0.3947602212		0.3930965662		0.3921368718		0.3911916912		0.3902612329		0.3893454969		0.3884444237		0.3875583112		0.386687398		0.3858319521		0.3849923015		0.3841685951		0.3833610713		0.3825699985		0.3817955852		0.3810378015		0.3802966475		0.3795723319		0.378865093		0.3781750798		0.3775025308		0.376847595		0.3762103617		0.3755910993		0.374989897		0.374548018		0.3745800257		0.3746204078		0.3746697009		0.374728173

		Experiment 2		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.8446256518		0.8438838124		0.8433891535		0.8429948688		0.6955413818		0.6951639652		0.6946566105		0.6941277385		0.693577826		0.6911763549		0.6886810064		0.685962379		0.682964921		0.679672718		0.6760803461		0.6721814871		0.6679694653		0.663425982		0.658556819		0.6533546448		0.6478127241		0.6418715119		0.6349179745		0.6276295781		0.6200003624		0.612030983		0.6037150621		0.5950593352		0.5861163735		0.5769007206		0.5719151497		0.5688263178		0.565633297		0.5623386502		0.5589439273		0.5554501414		0.5518581867		0.548168838		0.5443831086		0.5405020714		0.5365269184		0.532458961		0.5282993317		0.5240490437		0.5197100043		0.515284121		0.510746479		0.5064340234		0.5020434856		0.4975773692		0.4930381775		0.4884284735		0.4837505221		0.4790066779		0.4741998315		0.469332993		0.4644092023		0.4594316483		0.4544035494		0.4493282139		0.4442090392		0.4390493929		0.4338524938		0.4286217391		0.4233605862		0.4180726707		0.4127615392		0.4074307978		0.4020840824		0.3967249095		0.3913569152		0.3859835565		0.3825971484		0.3816916049		0.3808006346		0.3799245358		0.3790634871		0.3782177866		0.3773876429		0.376573354		0.3757750094		0.3749929368		0.374227047		0.3734773397		0.3727440536		0.3720273376		0.3713274598		0.3706445396		0.3699787557		0.3693303466		0.368699342		0.3680859804		0.3674902618		0.3669123054		0.3663522303		0.3658100665		0.3652859628

		Experiment 3		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.9220166206		0.9210285544		0.9204833508		0.9201341271		0.6969575286		0.6967363954		0.696336329		0.6959137917		0.6954697371		0.6934900284		0.6912032366		0.6886329651		0.6860253811		0.6831700206		0.6800297499		0.6765984893		0.6728695631		0.6688246131		0.6644691229		0.6597956419		0.6547970772		0.6494144797		0.643034339		0.6363313198		0.6292989254		0.6219363809		0.6142380238		0.6061985493		0.5978173614		0.5891394615		0.5801898241		0.5722565651		0.5693804026		0.5664026141		0.5633271933		0.5601557493		0.556889236		0.5535280704		0.550072968		0.5465245843		0.5428835154		0.5391507745		0.5353267789		0.5314123034		0.5274086595		0.5233172178		0.5191131234		0.5151258707		0.5110582709		0.5069122314		0.502689898		0.4983932078		0.4940239489		0.4895840883		0.4850759506		0.4805020988		0.4758651555		0.4711678326		0.4664129615		0.4616034329		0.4567421973		0.4518323541		0.4468767643		0.441878438		0.4368405938		0.4317665696		0.4266597033		0.4215233624		0.4163609147		0.4111758471		0.4059715271		0.4007514417		0.3955186307		0.3902762234		0.3850276768		0.3797763288		0.3745255172		0.3715488017		0.3707147241		0.3698961139		0.3690931201		0.3683059812		0.3675346375		0.366779089		0.3660395145		0.3653161228		0.3646091223		0.3639186323		0.363244921		0.362588048		0.3619482517		0.3613255918		0.3607202172		0.3601320982		0.3595614433		0.3590082824		0.3584727645
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0.3855246902

0.3781750798

0.3713274598

0.3646091223

0.3855102956

0.3775025308

0.3706445396

0.3639186323

0.3855041862

0.376847595

0.3699787557

0.363244921

0.3855066597

0.3762103617

0.3693303466

0.362588048

0.3855178654

0.3755910993

0.368699342

0.3619482517

0.385537982

0.374989897

0.3680859804

0.3613255918

0.3855670691

0.374548018

0.3674902618

0.3607202172

0.3856051862

0.3745800257

0.3669123054

0.3601320982

0.3856524527

0.3746204078

0.3663522303
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0.3590082824

0.3857749701
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Surface Withdrawal

		Surface Water Withdrawals for Flood Experiments

		Time (Year)		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2010.25		2010.5		2010.75		2011		2011.25		2011.5		2011.75		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		Base Run		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.74609375		3878.8342285156		3881.8986816406		3884.9392089844		3887.9555664063		3890.9477539063		3893.9155273438		3896.8581542969		3899.7758789063		3911.19140625		3922.1862792969		3932.9067382813		3943.3237304688		3953.2551269531		3962.68359375		3971.5910644531		3979.9594726563		3987.7697753906		3995.0029296875		4001.6398925781		4007.6613769531		4012.7719726563		4013.8735351563		4014.3249511719		4014.1125488281		4013.2797851563		4011.8642578125		4011.9265136719		4013.2355957031		4014.138671875		4014.6330566406		4014.7172851563		4014.3881835938		4013.6428222656		4012.4819335938		4010.9067382813		4008.9184570313		4006.5192871094		4003.7124023438		4000.5007324219		3996.8884277344		3992.8796386719		3988.4782714844		3983.6884765625		3978.5166015625		3972.9692382813		3966.9118652344		3962.1689453125		3957.09375		3951.6940917969		3945.9790039063		3939.95703125		3933.6364746094		3927.0261230469		3920.1359863281		3912.9763183594		3905.5578613281		3897.8916015625		3889.9887695313		3881.8605957031		3873.5187988281		3864.9748535156		3856.2399902344		3847.3254394531		3850.0239257813		3855.185546875		3860.3115234375		3865.4028320313		3870.4602050781		3875.4841308594		3880.4753417969		3885.4343261719		3890.361328125		3895.255859375		3900.1186523438		3904.9506835938		3909.7521972656		3914.5239257813		3919.2666015625		3923.9807128906		3928.6665039063		3933.3249511719		3937.9558105469		3942.5588378906		3947.1350097656		3951.6843261719		3956.5537109375		3961.7375488281		3966.8859863281		3971.9997558594		3977.0788574219		3982.1240234375		3987.1352539063		3992.1123046875		3997.0559082031		4001.9658203125		4006.8427734375

		Experiment 1		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.6833496094		3869.279296875		3863.0717773438		3856.9045410156		3850.8381347656		3853.8813476563		3856.7478027344		3859.7180175781		3862.677734375		3874.3022460938		3885.5708007813		3896.6374511719		3907.46875		3917.8723144531		3927.830078125		3937.3237304688		3946.333984375		3954.8415527344		3962.8269042969		3970.2702636719		3977.1513671875		3983.1804199219		3985.3037109375		3986.8254394531		3987.7287597656		3988.0283203125		3987.71875		3986.841796875		3985.8654785156		3987.5427246094		3988.8269042969		3989.7172851563		3990.2102050781		3990.3017578125		3989.9914550781		3989.2790527344		3988.1645507813		3986.6491699219		3984.7338867188		3982.4204101563		3979.7114257813		3976.6098632813		3973.1176757813		3969.2377929688		3964.9748535156		3960.3337402344		3955.181640625		3951.3054199219		3947.0895996094		3942.5412597656		3937.6672363281		3932.4750976563		3926.9716796875		3921.1640625		3915.0612792969		3908.6723632813		3902.0068359375		3895.07421875		3887.8850097656		3880.4489746094		3872.7768554688		3864.8793945313		3856.7670898438		3848.4501953125		3839.9396972656		3831.2473144531		3822.3842773438		3813.3620605469		3816.16015625		3821.0778808594		3825.962890625		3830.8159179688		3835.6369628906		3840.4252929688		3845.1821289063		3849.9079589844		3854.6032714844		3859.2685546875		3863.9047851563		3868.5119628906		3873.0910644531		3877.642578125		3882.166015625		3886.6616210938		3891.1298828125		3895.5712890625		3899.986328125		3904.3752441406		3908.7385253906		3913.0766601563		3917.3898925781		3921.6787109375		3926.0881347656		3930.9645996094		3935.8071289063		3940.6162109375		3945.3920898438

		Experiment 2		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.6208496094		3859.9182128906		3844.736328125		3829.7573242188		3815.0954589844		3818.306640625		3821.2045898438		3824.0844726563		3826.9462890625		3838.2038574219		3849.5830078125		3860.9499511719		3872.1535644531		3882.990234375		3893.4411621094		3903.4870605469		3913.1081542969		3922.2844238281		3930.9958496094		3939.2216796875		3946.9418945313		3953.87109375		3957.0002441406		3959.5795898438		3961.5905761719		3963.0446777344		3963.9191894531		3964.2009277344		3963.9326171875		3963.1196289063		3964.1198730469		3965.8403320313		3967.1799316406		3968.1350097656		3968.7041015625		3968.8859863281		3968.6796875		3968.0844726563		3967.1003417969		3965.7280273438		3963.9677734375		3961.8217773438		3959.2902832031		3956.3745117188		3953.0778808594		3949.4035644531		3945.2199707031		3942.2768554688		3938.9904785156		3935.3654785156		3931.4079589844		3927.1232910156		3922.5170898438		3917.5949707031		3912.3647460938		3906.8334960938		3901.0095214844		3894.9013671875		3888.517578125		3881.8671875		3874.9597167969		3867.8044433594		3860.4108886719		3852.7885742188		3844.9475097656		3836.8981933594		3828.6516113281		3820.2180175781		3811.6083984375		3802.8337402344		3793.9047851563		3784.8325195313		3781.8459472656		3786.5251464844		3791.1726074219		3795.7890625		3800.375		3804.9309082031		3809.4575195313		3813.955078125		3818.4243164063		3822.8657226563		3827.2790527344		3831.6643066406		3836.0219726563		3840.3522949219		3844.65625		3848.9338378906		3853.1853027344		3857.4116210938		3861.6125488281		3865.7888183594		3869.9404296875		3874.0676269531		3878.1704101563		3882.2492675781		3886.3039550781

		Experiment 3		3674.8898925781		3692.2800292969		3718.3273925781		3748.0886230469		3781.27734375		3797.4411621094		3813.703125		3829.6794433594		3845.3552246094		3860.7158203125		3875.5581054688		3850.6206054688		3826.6276855469		3803.0930175781		3780.1735839844		3783.5241699219		3786.4379882813		3789.3391113281		3792.2270507813		3803.6401367188		3814.8132324219		3825.9128417969		3837.3818359375		3848.6130371094		3859.521484375		3870.0864257813		3880.2873535156		3890.1037597656		3899.5146484375		3908.4995117188		3917.0373535156		3924.8479003906		3928.9663085938		3932.58984375		3935.6994628906		3938.3015136719		3940.37890625		3941.9052734375		3942.8635253906		3943.2854003906		3943.1867675781		3943.1691894531		3945.3862304688		3947.2368164063		3948.7194824219		3949.8327636719		3950.57421875		3950.9423828125		3950.9357910156		3950.5532226563		3949.7946777344		3948.6599121094		3947.1484375		3945.259765625		3942.9956054688		3940.3579101563		3937.2158203125		3935.2834472656		3933.0068359375		3930.3896484375		3927.4357910156		3924.1494140625		3920.5344238281		3916.5949707031		3912.3369140625		3907.7663574219		3902.8896484375		3897.7136230469		3892.2456054688		3886.4931640625		3880.4643554688		3874.1669921875		3867.6096191406		3860.8000488281		3853.7475585938		3846.4614257813		3838.951171875		3831.2268066406		3823.2980957031		3815.1750488281		3806.8676757813		3798.3864746094		3789.7412109375		3780.9409179688		3771.9968261719		3762.9189453125		3753.7177734375		3751.5119628906		3755.92578125		3760.3107910156		3764.6672363281		3768.9958496094		3773.2961425781		3777.568359375		3781.8125		3786.029296875		3790.2194824219		3794.3828125		3798.5202636719		3802.6320800781		3806.7182617188		3810.7795410156		3814.8159179688		3818.8273925781		3822.814453125		3826.7770996094		3830.7155761719
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Water Stress

		Water Stress for Flooding Experiments

		Time (Year)		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2010.25		2010.5		2010.75		2011		2011.25		2011.5		2011.75		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		Base Run		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.6957474947		0.6951770782		0.6945893168		0.6939840913		0.6933611631		0.6927204728		0.6920618415		0.6913850904		0.6906901598		0.6877257228		0.6844596863		0.6808972955		0.67703408		0.672850728		0.6683402658		0.6634958982		0.658310771		0.652767241		0.646871388		0.6406166553		0.6339972019		0.6269521713		0.6188697815		0.6104336977		0.6016397476		0.5925144553		0.5831059813		0.5770590901		0.5737098455		0.57025069		0.5666834712		0.5630095005		0.5592290759		0.5553427339		0.5513517261		0.547257483		0.5430615544		0.5387657881		0.5343719125		0.5298820734		0.5252982974		0.5206230283		0.5158581734		0.5110058188		0.5060688257		0.5010501146		0.4959245622		0.4910443425		0.4860937297		0.4810760915		0.475994885		0.4708535075		0.4656551182		0.4604028165		0.4551003277		0.4497514069		0.4443598092		0.438929379		0.4334639907		0.4279675186		0.4224438965		0.4168970287		0.4113306105		0.4057483077		0.4039228559		0.4029117525		0.4019142389		0.4009307325		0.3999614418		0.3990067542		0.3980669081		0.3971421719		0.3962325156		0.3953379393		0.3944587409		0.3935952187		0.392747581		0.3919160962		0.3911010623		0.3903026581		0.3895211518		0.388756752		0.388009429		0.3872792125		0.3865663111		0.3858709633		0.3855246902		0.3855102956		0.3855041862		0.3855066597		0.3855178654		0.385537982		0.3855670691		0.3856051862		0.3856524527		0.3857089877		0.3857749701

		Experiment 1		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.7659337521		0.7653381228		0.7648364305		0.7643640637		0.694257915		0.6937163472		0.6930981874		0.6925228238		0.6919335127		0.6893867254		0.6865392327		0.6834028959		0.6799761653		0.6762413383		0.6721923351		0.6678224802		0.6631250978		0.6580821872		0.6526995897		0.6469703317		0.6408881545		0.6343927979		0.6268717647		0.6190056801		0.6107892394		0.6022241116		0.59332335		0.5841382742		0.5755969286		0.5724237561		0.5691404343		0.5657516718		0.5622586608		0.5586619973		0.5549626946		0.5511618853		0.5472607017		0.5432604551		0.5391623974		0.534968257		0.5306795835		0.5262982249		0.5218257308		0.5172637701		0.5126145482		0.5078805089		0.503036797		0.4984277487		0.4937440455		0.4889886379		0.4841644764		0.4792746007		0.4743216932		0.4693085849		0.464238584		0.4591150582		0.4539414942		0.448721379		0.4434583783		0.4381560683		0.4328181148		0.4274482429		0.4220499694		0.4166267812		0.4111824334		0.4057207406		0.4002454281		0.3947602212		0.3930965662		0.3921368718		0.3911916912		0.3902612329		0.3893454969		0.3884444237		0.3875583112		0.386687398		0.3858319521		0.3849923015		0.3841685951		0.3833610713		0.3825699985		0.3817955852		0.3810378015		0.3802966475		0.3795723319		0.378865093		0.3781750798		0.3775025308		0.376847595		0.3762103617		0.3755910993		0.374989897		0.374548018		0.3745800257		0.3746204078		0.3746697009		0.374728173

		Experiment 2		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.8446256518		0.8438838124		0.8433891535		0.8429948688		0.6955413818		0.6951639652		0.6946566105		0.6941277385		0.693577826		0.6911763549		0.6886810064		0.685962379		0.682964921		0.679672718		0.6760803461		0.6721814871		0.6679694653		0.663425982		0.658556819		0.6533546448		0.6478127241		0.6418715119		0.6349179745		0.6276295781		0.6200003624		0.612030983		0.6037150621		0.5950593352		0.5861163735		0.5769007206		0.5719151497		0.5688263178		0.565633297		0.5623386502		0.5589439273		0.5554501414		0.5518581867		0.548168838		0.5443831086		0.5405020714		0.5365269184		0.532458961		0.5282993317		0.5240490437		0.5197100043		0.515284121		0.510746479		0.5064340234		0.5020434856		0.4975773692		0.4930381775		0.4884284735		0.4837505221		0.4790066779		0.4741998315		0.469332993		0.4644092023		0.4594316483		0.4544035494		0.4493282139		0.4442090392		0.4390493929		0.4338524938		0.4286217391		0.4233605862		0.4180726707		0.4127615392		0.4074307978		0.4020840824		0.3967249095		0.3913569152		0.3859835565		0.3825971484		0.3816916049		0.3808006346		0.3799245358		0.3790634871		0.3782177866		0.3773876429		0.376573354		0.3757750094		0.3749929368		0.374227047		0.3734773397		0.3727440536		0.3720273376		0.3713274598		0.3706445396		0.3699787557		0.3693303466		0.368699342		0.3680859804		0.3674902618		0.3669123054		0.3663522303		0.3658100665		0.3652859628

		Experiment 3		0.6949462891		0.6954411864		0.6971862316		0.6992642879		0.7015926838		0.701190114		0.7006095052		0.6997825503		0.6987015605		0.6973589659		0.9220166206		0.9210285544		0.9204833508		0.9201341271		0.6969575286		0.6967363954		0.696336329		0.6959137917		0.6954697371		0.6934900284		0.6912032366		0.6886329651		0.6860253811		0.6831700206		0.6800297499		0.6765984893		0.6728695631		0.6688246131		0.6644691229		0.6597956419		0.6547970772		0.6494144797		0.643034339		0.6363313198		0.6292989254		0.6219363809		0.6142380238		0.6061985493		0.5978173614		0.5891394615		0.5801898241		0.5722565651		0.5693804026		0.5664026141		0.5633271933		0.5601557493		0.556889236		0.5535280704		0.550072968		0.5465245843		0.5428835154		0.5391507745		0.5353267789		0.5314123034		0.5274086595		0.5233172178		0.5191131234		0.5151258707		0.5110582709		0.5069122314		0.502689898		0.4983932078		0.4940239489		0.4895840883		0.4850759506		0.4805020988		0.4758651555		0.4711678326		0.4664129615		0.4616034329		0.4567421973		0.4518323541		0.4468767643		0.441878438		0.4368405938		0.4317665696		0.4266597033		0.4215233624		0.4163609147		0.4111758471		0.4059715271		0.4007514417		0.3955186307		0.3902762234		0.3850276768		0.3797763288		0.3745255172		0.3715488017		0.3707147241		0.3698961139		0.3690931201		0.3683059812		0.3675346375		0.366779089		0.3660395145		0.3653161228		0.3646091223		0.3639186323		0.363244921		0.362588048		0.3619482517		0.3613255918		0.3607202172		0.3601320982		0.3595614433		0.3590082824		0.3584727645
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