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Abstract 
 

UK Foreign Office computer climate and economic models predict that, given no major policy 

changes worldwide, global warming could collapse the world economic system by 2040 (Ahmed 

2015).  To see whether this is at all realistic, a number of statistical tests were run using a new drought 

time series.  Not only does it appear that warming and the spread of drought are linked, but also that 

they feed back on one another, raising the possibility that a real danger exists. 
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Introduction 

 

 Computer climate/economic models run by the UK Foreign Office predict that, given no major 

changes in policy worldwide, global warming could collapse the world economic system by 2040 

(Ahmed 2015). Severe droughts seem to be more common in recent decades.  Table 1 lists several. 
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Table 1:  Recent major droughts 

 

 

Year 

 

Location 

 

Notes 

 

 

1982 

 

Australia 

 

Rainfall 22", 0.12 K temp. anomaly 

1994 Australia* Rainfall 17", 0.69 K temp. anomaly 

2002 Australia* Rainfall 14", 1.65 K temp. anomaly 

2008 Australia* "Rivers 'face disaster'" 

   

1987-92 California "notable for its six-year duration" 

2000-02 California "$1.5 billion for water-related..." 

2007-09 California "devastating urban/wildland fire..." 

2012-15 California "Worst drought in 1,200 years" 

 

2005 Amazon River Basin "Worst drought in 100 years" 

2010 Brazil "Severe drought" 

2014-15 Sao Paolo, Brazil "Severe drought" 

2015 3 states in Brazil "Worst drought in 80 years" 

 

2009 East Africa "Worst in decades" 

   

2010 Russia "Worst drought in at least 50 years" 

 

2011 Mexico "Worst in 70 years" 

 

2011-15 Texas "Worst drought ever" 

   

 

Ref:  ABC News 2009, BBC 2015, Bryant 2008, California Dept. of Water Resources 2012, The 

Economist 2009, Fannin 2011, Gettleman 2009, Kolesnikova 2010, The Manchester Guardian 2006, 

Owens 2014, PBS NewsHour 2009, Salazar and Rodriguez 2011. 

 

*The last three Australian disasters are now counted as a single "millennium drought," officially 

lasting from 1995 to 2009. 

 

 This is, however, anecdotal evidence.  To find the trend in global drought, if any, requires a 

comprehensive numerical measure. 

 NOAA (2010) produced an updated time series for the Dai et al. (2004) PDSI dataset.  These 

values use the Penman-Monteith equation for evapotranspiration rather than the earlier Thornthwaite 

equation.  I extracted a global measure, F, for the years 1948 to 2010 (N = 63):  the fraction of Earth's 

land surface in "severe drought" or worse (PDSIPM ≤ -3.0, chart in Fig. 1).  Appendix A lists numerical 

values. 
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Figure 1:  Fraction of land in severe drought 1948-2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical Tests for Trend in F 

 

 I performed OLS regression of F against elapsed time, first linear, and then quadratic (to test 

for acceleration--table 2). 

 

Table 2:  OLS regressions of drought fraction F against time 

 

 

Model 

 

N 

 

R
2
 

 

p < 

 

DW 

 

 

Linear fit 

 

63 

 

0.706 

 

7.72 x 10
-18

 

 

 0.799 

Linear, Cochrane-Orcutt 62 0.822 4.01 x 10
-10

 2.01 

Quadratic fit 63 0.774 4.48 x 10
-20

 1.03 

Quadratic, Cochrane-Orcutt 62 0.832 3.15 x 10
-12

 1.93 

 

 

 Both tests showed the expected, positive slope to very high significance levels, but produced 

low levels of the Durbin-Watson statistic.  Serial autocorrelation in the residuals implies the potential 

for unreliable results.  Regressions were therefore rerun under Cochrane-Orcutt iteration (Cochrane 

and Orcutt 1949), and remained highly significant.  The quadratic fit is better than the linear, and the 

addition of the quadratic term survives both t and partial-F tests. 

 To approach the problem another way, I performed a between-means t-test.  I separated F 

values into 1948-1979 (N = 32) and 1980-2010 (N = 31) sets.  The mean for the first group was F = 

0.094, and for the second group, 0.15.  Student's t was significant at well past 99.99% confidence.  

Mean F is significantly higher in the later period. 
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Global Warming as a Cause 

 

 The causes of drought are, of course, complex.  Inputs to the Penman-Monteith equation for 

evapotranspiration (FAO 2007) include not just temperature, but net radiation, soil properties, wind 

strength, and humidity.  To say it all depends on temperature would be simplistic at best, misleading at 

worst. 

 However the equation estimates regional evapotranspiration and local drought--not drought on 

a global scale.  Precipitation, for instance, matters, but total precipitation actually goes up with global 

warming, not down. 

 Global climate simulations show that under global warming, rainfall is distributed differently 

(Dai et al. 2004, Trenberth et al. 2004, Aydin et al. 2007, Dai 2010, Rao et al. 2010).  Although rainfall 

is increasing globally, and so is drought, it is unlikely that more rain causes more drought.  The 

distribution of rainfall is much more important. 

 Among the many contributing factors to global drought, the relative importance of temperature 

can be sought through analysis of variance.  The question, therefore, is an empirical one:  Do 

temperature anomalies affect drought more than other factors?  And if so, by how much? 

 Table 3 shows regressions of F on NASA GISS land-sea temperature anomalies for 1948 

through 2010. 

  

Table 3:  Regressions of F on temperature anomaly dT 

 

 

Model 

 

N 

 

R
2
 

 

p < 

 

DW 

 

 

Ft = f(dTt) 

 

63 

 

0.660 

 

6.18 x 10
-16

 

 

  0.841 

Ft = f(dTt, Ft-1) 62 0.828 2.69 x 10
-23

   -0.198* 

     

 

*Durbin's h 

 

 A simple linear fit accounts for 66% of variance, but shows low DW.  Rather than repeat 

Cochrane-Orcutt iteration, regressions were run using lagged variables of up to one year, the lag length 

chosen by the Schwarz Bayesian Information Criterion (Schwarz 1978). 

 A best fit accounts for 83% of variance.  But with the dependent variable F also present as a 

lagged variable, DW is unreliable and Durbin's h (Durbin 1970) must be substituted.  By this measure, 

autocorrelated residuals are not a problem with this regression.  Temperature and past values of F 

account for 5/6 of F's variance.  If any other factors matter, they only add up to 1/6 of variance in the 

period studied.  Of course, they might become more important if conditions change. 

 

Granger Tests and Tests for Integration 

 

 "Correlation is not causation."  The SBIC indicates proper lag lengths of one year for F and 

four for dT.  I performed the Sims partial F-test for Granger causality (Granger 1969, Sims 1972--table 

4). 
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Table 4:  Sims partial-F tests for Granger causality 

 

1-year tests:  dT Granger-causes F:  p < 0.0001 

   F   Granger-causes dT: p < 0.0001 

 

4-year tests:  dT Granger-causes F:  p < 0.0001 

   F   Granger-causes dT: p < 0.0001 

 

 Granger causality is highly significant in both directions, implying a (positive) feedback 

between temperature anomaly and drought. 

 The relation could still be a spurious regression.  I therefore performed augmented Dickey-

Fuller tests (Dickey and Fuller 1979, 1981) to find levels of integration for each variable of interest.  

While F is I(0) (stationary), temperature anomalies are I(1) (integrated).  Thus regressions of F on dT 

must be spurious unless cointegration can be shown. 

 I performed the Engel-Granger cointegration test using lags of one and four years.  The 

cointegrating regression exists, and the relation appears not to be spurious. 

 It is therefore difficult not to conclude, on the empirical evidence, that global warming 

increases the fraction of Earth's land surface in severe drought. 

 

Near-Term Risk 

 

 The question now arises of how much agriculture the world can lose before the system is 

disrupted. 

 Twenty percent of Earth's land surface is now in severe drought, compared to 10% from 1948 

to 1970.  At what point does failing agriculture collapse the system?  Will social panic disrupt it early?  

The answer is not yet known.  The most optimistic possible assumption is that F must go to 100% 

before human agriculture collapses. 

 It is also necessary to know how fast airborne CO2 might grow, and how fast severe drought 

grows in response.  I tried three different growth scenarios for CO2. 

 

1. The mean growth rate of ambient CO2 measured at Mauna Loa from 1959 to 2010 was 0.37% 

(Etheridge et al. 1998, Keeling and Whorf 2005, Keeling et al. 2009, NOAA 2014). 

2. The rate in the most recent decade for which data is available (2001-2010) has risen to 0.54%. 

3. An aggressive-exploitation "Drill, Baby, Drill!" figure might be 1.0%. 

 

 It is also necessary to predict temperatures.  Note the earlier conclusion that dT and F each 

Granger-cause the other, producing a feedback.  This discovery might be new for global figures, but 

was already demonstrated in regional work.  Courel et al. (1984) showed that "The persistence of the 

Sahel drought, which reached a peak in 1973, appears to be typical for such dry episodes over past 

decades and centuries.  Such strong persistence can be understood if a strong positive feedback 

mechanism is operating, partly driven by changes in surface properties.  The key factors in the 

mechanisms thus far studied are the surface albedo and the soil moisture, both of which affect the 

radiation balance at the surface, the first directly, the second indirectly through its influence on the 

latent heat flux..." 

 When water is scarce, evapotranspiration must decrease, and thus the ground cannot lose as 

much heat to the atmosphere by latent heat exchange. 
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 For temperature prediction I used the radiative forcing equation of Myhre et al. (1998): 

 

 RF = 5.35 ln(C/C0)       1 

 

where RF is in W m
-2

, ambient CO2 concentration C is in ppmv, and C0 is a reference concentration, 

usually taken as the pre-industrial 280 ppmv.  By this relation, doubling CO2 produces 3.7 W m
-2

 of 

radiative forcing.  I assumed a climate sensitivity λ = 0.75 K W
-1

 m
-2

. 

 To incorporate feedback from drought, I performed OLS regression with lags of 1-4 years, 

followed by Cochrane-Orcutt iteration to reduce residual serial correlation (table 5). 

 

Table 5:  Temperature regression with feedback from drought 

 

 

Variable 

 

β 

 

t  

 

p 

 

 

dT 

 

 -0.3113 

 

-5.63 

 

6.72 x 10
-7

 

dT2   0.2606  2.11 0.0399 

M  11.54  5.15 3.70 x 10
-6

 

M1 -11.22 -4.84 1.11 x 10
-5

 

F4   1.304  2.03 0.0473 

 

 

 N 59   F 66.0 

 R
2
  0.908   pF  3.76 x 10

-20
 

 SEE  0.0776  DW  1.97 

 

 Here dT is NASA GISS land-sea temperature anomaly, M the value from the Myhre et al. 

relation, M1 is M lagged one year, F4 severe drought lagged four years, and dT2 temperature anomaly 

lagged two years. 

 I started from known values in 2006-2010.  I used the equations above for temperature, 

ignoring the solar cycle, ENSO, etc.  The cointegration equation determined F.  Results are in Table 6. 

 

Table 6:  Model estimates of year of agricultural failure 

 

 

Scenario 

 

Annual Airborne CO2 Growth 

 

Year F Reaches 100% 

 

 

slow 

 

0.37% 

 

2034 

medium 0.54% 2028 

fast 1.00% 2022 
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 Of course this analysis extrapolates outside the range of observations.  F likely cannot actually 

reach 100%.  Remember that under global warming, coastlines receive increased rain.  Of course, 

storms hurt crops, rather than helping. 

 Note also that the cointegration regression only accounts for 83% of the variance of F.  The 

other 1/6 is from causes not accounted for.  These may or may not prevent F from escalating too high. 

 Consider, too, that drought is not the only problem caused by global warming.  Other dangers 

have been noted, such as: 

 

 clashes over scarce resources (ABC 2009) 

 ocean biota extinctions from temperature changes and acidification (Jacobson 2005; Skoloff 

2010; Cavaliere 2012; Harris 2013; Hart and Safina 2013; Wittmann and Pörtner 2013) 

 sea-level rise (Church and White 2006, 2009; McGranahan et al. 2007; Domingues et al. 2008; 

Nerem et al. 2010) 

 land biota extinctions (Cotton 2003; Visser and Both 2005; Körner and Basler 2010; OFAH 

2012; Krakauer 2012; Mitton and Ferrenberg 2012; Jeganathan et al. 2014) 

 heat waves (Schär et al. 2004; Robine et al. 2008; Masters 2010). 

 

 These will also destabilize society. 

 

Caveats 

 

 There are several possible weak points in this analysis. 

1.  Reliability of the data.  Sheffield (2014) is suspicious of the NOAA/Dai et al. data set, but 

mistakenly believes it based on the older Thornthwaite equation for evapotranspiration.  But if there 

are other problems with the data set, and if better data does not show the same secular increase in 

drought, then the thesis presented here is wrong. 

2.  If some natural factor exists that prevents drought from spreading too far, the increase may 

be less damaging.  We know global warming brings more rain to coastlines, accompanied by flooding 

and harder storms.  Maybe agriculture could persist in an intermediate zone between desert and 

swamp.  This might be large enough to feed everyone without conflict. 

3.  Perhaps drought-resistant crops can be bioengineered, plus varieties that can withstand hard 

storms and periodic flooding.  If these were developed and planted in time, it could prevent world 

starvation--if everyone cooperates, and unexpected problems with the bioengineered plants do not turn 

up.  Imagine, for instance, that drought-proof corn, like many natural varieties, turns out deficient in 

the vital amino acid lysine. 

4.  If renewable energy advances quickly enough, and fossil fuel use declines, deforestation 

stops, and perhaps, giant industrial plants are built to remove CO2 from the air, global warming might 

be mitigated and its effects milder. 

 

Conclusion 

 

 If the analysis presented here is correct, and no major policy changes occur, the conclusion of 

the UK Foreign Office computer models that global warming threatens near-term collapse of 

civilization may be accurate. 
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Appendix:  The F Time Series:  Fraction of Earth's Land Surface in Severe Drought (PDSIPM ≤ -3.0) 

 

 

Year 

 

F 

 

Year 

 

F 

 

 

1948 

 

0.117 

 

1980 

 

0.113 

1949 0.133 1981 0.113 

1950 0.097 1982 0.130 

1951 0.108 1983 0.167 

1952 0.098 1984 0.151 

1953 0.083 1985 0.135 

1954 0.083 1986 0.119 

1955 0.071 1987 0.147 

1956 0.067 1988 0.125 

1957 0.068 1989 0.129 

 

1958 

 

0.084 

 

1990 

 

0.126 

1959 0.078 1991 0.136 

1960 0.075 1992 0.185 

1961 0.100 1993 0.158 

1962 0.081 1994 0.155 

1963 0.092 1995 0.147 

1964 0.081 1996 0.133 

1965 0.101 1997 0.153 

1966 0.101 1998 0.163 

1967 0.084 1999 0.146 

 

1968 

 

0.086 

 

2000 

 

0.160 

1969 0.093 2001 0.192 

1970 0.099 2002 0.198 

1971 0.116 2003 0.182 

1972 0.116 2004 0.150 

1973 0.138 2005 0.159 

1974 0.097 2006 0.174 

1975 0.096 2007 0.179 

1976 0.096 2008 0.174 

1977 0.109 2009 0.185 

 

1978 

 

0.079 

 

2010 

 

0.206 

1979 0.084 

 

  

 

 



British Journal of Science       16  

July 2015, Vol. 13 (1) 

 

© 2015 British Journals ISSN 2047-3745 

 

 

References 

 

ABC News 2009.  Kenya drought sparks deadly clashes.  ABC News 9/21/2009. 

 

Ahmed, N. 2015.  UK Government Study Finds:  If Nothing Is Done, Expect Civilization's Collapse By 2040.  

http://www.zerohedge. com/news/2015-06-21/uk-government-study-finds-if-nothing-done-expect-

civilizations-collapse-2040?page=2, accessed 6/22/2015. 

 

Aydin, M., Yano, T., Evrendilek, F., Uygur, V. 2007.  Implications of climate change for evaporation from 

bare soils in a Mediterranean environment.  Environmental Monitoring and Assessment 140, 123-130. 

 

Battisti, D.S., R.L. Naylor 2009.  Historical Warnings of Future Food Insecurity with Unprecedented Seasonal 

Heat.  Science 323, 240-244. 

 

British Broadcasting Corporation 2015.  Brazil's most populous region facing worst drought in 80 years.  

http://www.bbc.com/ news/world-latin-america-30962813, accessed 1/25/2013. 

 

Brohan, P., Kennedy, J.J., Harris, I., Tett, S.F.B., Jones, P.D. 2006.  Uncertainty Estimates in Regional and 

Global Observed Temperature Changes:  A New Dataset from 1850.  Journal of Geophysical Research 

111, D12106. 

 

Bryan, K., Spelman, M.J. 1985.  The ocean's response to a CO2-induced warming.  Journal of Geophysical 

Research 90, 679-688. 

 

Bryant, N. 2008.  Australia Rivers "Face Disaster."  BBC News 6/18/2008, http://news.bbc.co.uk/2/hi/asia-

pacific/7460492.stm, accessed 11/21/2011. 

 

California Department of Water Resources 2012.  Drought in California.  Sacramento, CA:  State of 

California Natural Resources Agency.  http://www.water.ca.gov/waterconditions/ 

drought/docs/Drought2012.pdf, accessed 6/19/2014. 

 

Cavaliere, V. 2012.  Half the Great Barrier Reef has disappeared in past 3 decades:  Report.  NY Daily News, 

Tuesday, 10/2/2012.  http://www.nydailynews.com/news/world/great-barrier-reef-losses-50-report-

article-1.1172893, accessed 6/18/2014. 

 

Church, J.A., White, N.J. 2006.  A 20th century acceleration in global sea-level rise.  Geophysical Research 

Letters 33, L01602. 

 

Church, J.A., White, N.J. 2009.  Update.  Proudman Oceanographic Laboratory web site, UK National 

Environment Research Council.  http://www.pol.ac.uk/psmsl/author_archive/, accessed 1/1/2011. 

 

Cochrane, D., Orcutt, G.H. 1949.  Application of Least Squares Regression to Relationships Containing Auto-

Correlated Error Terms.  Journal of the American Statistical Association 44, 32–61. 

 

Cotton, P.A. 2003.  Avian migration phenology and global climate change 2003.  Proceedings of the National 

Academy of Science  100, 12,219-12,222. 



British Journal of Science       17  

July 2015, Vol. 13 (1) 

 

© 2015 British Journals ISSN 2047-3745 

 

 

 

Courel, M.F., Kandel, R.S., Rasool, S.I. 1984.  Surface albedo and the Sahel drought.  Nature 307, 528-531. 

 

Dai, A. 2010.  Drought Under Global Warming:  A Review.  WIREs Clim. Change.  DOI: 10.1002/wcc.81. 

 

Dai, A., Trenberth, K.E., Qian, T. 2004.  A Global Dataset of Palmer Drought Severity Index for 1870–2002:  

Relationship with Soil Moisture and Effects of Surface Warming.  Journal of Hydrometeorology 1, 

1117-1130. 

 

Dickey, D.A., Fuller, W.A. 1979.  Distributions of the Estimators for Autoregressive Time Series with a Unit 

Root.  Journal of the American Statistical Association 75, 427-431. 

 

Dickey, D.A., Fuller, W.A. 1981.  Likelihood Ratio Statistics for Autoregressive Time Series with a Unit 

Root.  Econometrica 49, 1057-1072. 

 

Domingues, C.M., Church, J.A., White, N.J., Gleckler, P.J., Wijffels, S.E., Barker, P.M., Dunn, J.R. 2008.  

Improved Estimates of Upper-Ocean Warming and Multi-Decadal Sea-Level Rise.  Nature 453, 1090-

1093. 

 

Durbin, J. 1970.  Testing for Serial Correlation in Least-Squares Regression when Some of the Regressors are 

Lagged Dependent Variables.  Econometrica 38, 410-421. 

 

Durbin, J., Watson, G.S. 1951.  Testing for Serial Correlation in Least-Squares Regression.  Biometrika 27, 

409-428 and 38, 159-178. 

 

Economist Staff 2009.  East Africa's drought:  A catastrophe is looming.  The Economist 9/24/2009. 

 

Fannin, B. 2011.  Texas agricultural drought losses reach record $5.2 billion.  

http://agrilife.org/today/2011/08/17/texas-agricultural-drought-losses-reach-record-5-2-billion/, 

accessed 11/30/2011. 

 

FAO 2007.  Food and Agriculture Organization of the United Nations FAOSTAT.  

http://faostat.fao.org/default.aspx, accessed 10/11/2007. 

 

Gettleman, J. 2009.  Lush Land Dries Up, Withering Kenya's Hopes.  The New York Times 9/09/2009.  

http://www.nytimes.com/ 2009/09/08/world/africa/08kenya.html, accessed 11/21/2011. 

 

Granger, C.W.J. 1969.  Investigating causal relations by econometric models and cross-spectral methods.  

Econometrica 37, 424-438. 

 

Harris, R. 2013.  Go Fish (Somewhere Else):  Warming Oceans Are Altering Catches.  

http://www.npr.org/blogs/thesalt/2013/05/15/ 183968378/go-fish-somewhere-else-warming-oceans-

are-altering-catches, accessed 5/15/2013. 

 

Hart, M.J., Safina, C. 2013.  How Acidification Threatens Oceans from the Inside Out.  Scientific American 

303, 52-59. 



British Journal of Science       18  

July 2015, Vol. 13 (1) 

 

© 2015 British Journals ISSN 2047-3745 

 

 

 

Jacobson, M.Z. 2005.  Studying ocean acidification with conservative, stable numerical schemes for 

nonequilibrium air-ocean exchange and ocean equilibrium chemistry.  Journal of Geophysical 

Research-–Atmospheres 110, D07302. 

 

Jeganathan, C., Dash, J., Atkinson, P.M. 2014.  Remotely sensed trends in the phenology of northern high 

latitude terrestrial vegetation, controlling for land cover change and vegetation type.  Remote Sensing 

of Environment 143, 154-170. 

 

Jones, P.D., Parker, D.E., Osborn, T.J., Briffa, K.R. 2009.  Global and hemispheric temperature anomalies—

land and marine instrumental records.  In Trends:  A Compendium of Data on Global Change.  Carbon 

Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, 

Oak Ridge, Tenn., U.S.A. 

 

Kahn, B. 2014.  Australia's 2014 Heat Wave Picks Up Where 2013 Left Off.  

http://www.climatecentral.org/news/australia-2014-heat-wave-picks-up-where-2013-left-off-16938, 

accessed 6/17/2014. 

 

Keeling, C.D. and Whorf, T.P. 2005.  Atmospheric CO2 records from sites in the SIO air sampling network.  

In Trends:  A Compendium of Data on Global Change.  Carbon Dioxide Information Analysis Center, 

Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge TN, USA.  

http://cdiac.ornl.gov/, accessed 5/19/2009. 

 

Keeling, C.D., Piper, S.C., Bollenbacher, A.F., Walker, S.J. 2009.  Atmospheric CO2 values (ppmv) derived 

from in situ air samples collected at Mauna Loa, Hawaii, USA.  CDIAC (Carbon Dioxide Information 

Analysis Center of the US Department of Energy). http://cdiac.ornl.gov/, accessed 5/19/2009. 

 

Kolesnikova, M. 2010.  Russian Grain Crop Falls 38% on Drought, Statistics Service Says.  Bloomberg News 

11/17/2010.  http:// www.bloomberg.com/news/ 2010-11-17/russian-grain-crop-falls-38-on-drought-

statistics-service-says.html, accessed 11/21/2011. 

 

Körner, C., Basler, D. 2010.  Phenology Under Global Warming.  Science 327, 1461-1462. 

 

Krakauer, N.Y. 2012.  Estimating Climate Trends:  Application to United States Plant Hardiness Zones.  

Advances in Meteorology 2012, 1-9. 

 

Lott, N., Ross, T., Smith, A., Houston, T., Shein, K. 2011.  Billion Dollar U.S. Weather Disasters, 1980-2010.  

National Climatic Data Center. Jan. 18, 2011.  http://www.ncdc.noaa.gov/oa/ reports/billionz.html, 

accessed 6/17/2014. 

 

Manchester Guardian Staff 2006.  2005 Amazon Basin "Worst drought in 100 years."  Manchester, UK 

Guardian 7/17/2006. 

 

Masters, J. 2010.  Bolivia ties its all-time heat record.  Dr. Jeff Masters Wunderblog, November 23, 2010.  

http://www.wunderground.com/blog/JeffMasters/ show.html, accessed 6/17/2014. 

 



British Journal of Science       19  

July 2015, Vol. 13 (1) 

 

© 2015 British Journals ISSN 2047-3745 

 

 

McGranahan, G., Balk, D., Anderson, B. 2007.  The rising tide: assessing the risks of climate change and 

human settlements in low elevation coastal zones.  Environment and Urbanization 19, 17-37. 

 

Mitton, J., Ferrenberg, S.M. 2012.  Mountain Pine Beetle Develops an Unprecedented Summer Generation in 

Response to Climate Warming.  The American Naturalist 179, E163-E171. 

 

Monteith, J.L. 1965.  Evaporation and environment.  In Symposium of the Society for Experimental Biology, 

The State and Movement of Water in Living Organisms; Fogg, G.E., 2nd ed.; Academic Press, Inc.:  

New York, NY, USA, 19, 205-234. 

 

Myhre, G., Highwood, E.J., Shine, K.P., Stordal, F. 1998.  New estimates of radiative forcing due to well 

mixed greenhouse gases.  Geophysical Research Letters 25, 2715-2718. 

 

National Oceanic and Atmospheric Administration 2010.  Dai Palmer Drought Severity Index data provided 

by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from http://www.esrl.noaa.gov/psd/, 

accessed 10/04/2010 and 6/15/2014. 

 

National Oceanic and Atmospheric Administration 2014.  ftp:// 

ftp.cmdl.noaa.gov/ccg/co2/trends/co2_annmean_mlo.txt, downloaded 1/29/2014. 

 

Nerem, R.S., Chambers, C., Choe, C., Mitchum, G.T. 2010.  Estimating Mean Sea Level Change from the 

TOPEX and Jason Altimeter Missions.  Marine Geodesy 33, 435-446. 

 

Ontario Federation of Anglers and Hunters 2012.  Ontario's Invading Species Awareness Program.  

http://www.invadingspecies. com/invaders/plants-terrestrial/kudzu/, accessed March 24, 2014. 

 

Owens, C. 2014.  California's drought getting even worse, experts say.  Los Angeles Times 6/19/2014.  

http://www.latimes.com/ local/lanow/la-me-ln-drought-worsens-across-california-20140619-

story.html, accessed 6/19/2014. 

 

Palmer, W.C. 1965.  Meteorological drought.  Research Paper No. 45.  US Department of Commerce Weather 

Bureau, Washington, D.C. 

 

PBS NewsHour 2009.  Kenya Devastated by Massive Drought.  PBS NewsHour 10/13/2009. 

 

Penman, H.L. 1948.  Natural evaporation from open water, bare soil, and grass.  Proceedings of the Royal 

Society of London A193, 120-146. 

 

Rao, S.A., Chaudhari, H.S., Pokhrel, S., Goswami, B.N. 2010.  Unusual Central Indian Drought of Summer 

Monsoon 2008:  Role of Southern Tropical Indian Ocean Warming.  Journal of Climate 23, 5163–

5174. 

 

Robine J., Cheung, S.L.K., Le Roy, S., Van Oyen, H., Griffiths, C., Michel, J.-P., Herrmann, F.R. 2008.  

Death toll exceeded 70,000 in Europe during the summer of 2003.  Comptes Rendus Biologies 331, 

171–178. 

 

http://www.esrl.noaa.gov/psd/


British Journal of Science       20  

July 2015, Vol. 13 (1) 

 

© 2015 British Journals ISSN 2047-3745 

 

 

Salazar, F., Rodriguez, O.R. 2011.  Mexico drought is worst in 70 years.  Associated Press 12/03/2011. 

 

Schär, C., Vidale, P., Luthi, D., Frei, C., Haberli, C., Liniger, M.A., Appenzeller, C. 2004.  The role of 

increasing temperature variability in European summer heatwaves.  Nature 427, 332-336. 

 

Schwarz, G.E. 1978.  Estimating the dimension of a model.  Annals of Statistics 6, 461–464. 

 

Sheffield, J., Wood, E.F., Roderick, M.L. 2012.  Little Change in Global Drought over the Past 60 Years.  

Nature 491, 435-440. 

 

Sheffield, J. 2014.  Personal communication to the author. 

 

Sims, C. 1972.  Money, Income and Causality.  American Economic Review 62, 540-552. 

 

Skoloff, B. 2010.  Death of coral reefs could devastate nations.  The Christian Science Monitor, 3/26/2010.  

http://www.csmonitor. com/From-the-news-wires/2010/0326/Death-of-coral-reefs-could-devastate-

nations, accessed 6/18/2014. 

 

Tans, P. and Keeling, R. 2012.  Atmospheric Carbon Dioxide.  http://www.esrl.noaa.gov/ 

gmd/ccgg/trends/#mlo_growth, accessed 9/07/2012. 

 

Thornthwaite, C.W. 1948.  An approach toward a rational classification of climate.  Geographical Review 38, 

55–94. 

 

Trenberth, K.E., Overpeck, J.T., Solomon, S. 2004.  Exploring drought and its implications for the future.  

Eos, Transactions of the American Geophysical Union 85, 27. 

 

Visser, M.E., Both, C. 2005.  Shifts in phenology due to global climate change: the need for a yardstick.  

Proceedings of the Royal Society B:  Biology 272, 2561-2569. 

 

Wittmann, A.C., Pörtner, H.-O. 2013.  Sensitivities of extant animal taxa to ocean acidification.  Nature 

Climate Change 3, 995–1001. 

 

 

Biography 

 

Barton Paul Levenson graduated the University of Pittsburgh in 1983 with a B.S. in Natural Sciences 

(dual physics and computer programming major). Past president (1985) of the Tripoli Science 

Association (now the Tripoli Rocketry Association), he has two previous publications in peer reviewed 

journals, respectively in Advances in Space Science (2011) and Astrobiology (2015).  He lives in 

Pittsburgh, Pennsylvania, in the USA.  Email:  levenson1960@gmail.com 

 

 


