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Year AL AZ AR CA CO CT DE DC FL GA ID IL IN IA KS KY LA ME MD MA MI MN MS MO MT
2010 1.000 0.962 1.000 0.993 1.000 0.974 0.989 1.000 1.000 0.989 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.990 1.000 1.000 1.000 1.000 1.000

2011 1.000 0.959 1.000 0.971 0.994 0.988 1.000 1.000 1.000 0.973 1.000 1.000 1.000 1.000 0.986 1.000 1.000 1.000 1.000 0.981 1.000 1.000 1.000 1.000 1.000

2012 1.000 0.919 1.000 0.965 0.964 0.948 0.949 1.000 1.000 0.992 1.000 1.000 1.000 1.000 0.964 1.000 1.000 1.000 1.000 0.954 1.000 1.000 1.000 1.000 1.000

2013 1.000 0.989 1.000 0.887 1.000 0.908 0.912 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.935 1.000 1.000 1.000 1.000 1.000

2014 1.000 1.000 1.000 0.904 1.000 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.913 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2015 0.973 0.778 0.958 0.814 0.839 0.952 0.929 1.000 1.000 0.898 1.000 1.000 1.000 1.000 0.856 1.000 0.981 1.000 1.000 0.971 1.000 1.000 0.987 1.000 1.000

2016 0.990 0.732 1.000 0.763 0.993 0.873 0.921 1.000 0.896 0.825 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.932 1.000 1.000 1.000 1.000 1.000

2017 1.000 0.883 1.000 1.000 1.000 0.981 0.968 1.000 1.000 0.923 1.000 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 0.984 1.000 1.000 1.000 1.000 1.000

2018 0.996 0.768 1.000 0.844 0.918 0.892 0.909 1.000 0.865 0.869 1.000 1.000 0.999 0.975 0.860 1.000 1.000 1.000 1.000 0.887 1.000 1.000 1.000 1.000 1.000

2019 1.000 0.994 1.000 0.952 1.000 0.944 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.945 1.000 1.000 1.000 1.000 1.000

2020 1.000 1.000 1.000 0.949 1.000 0.866 0.918 1.000 1.000 0.943 1.000 1.000 1.000 1.000 0.991 1.000 1.000 1.000 1.000 0.886 1.000 1.000 1.000 1.000 1.000

2021 1.000 0.737 1.000 0.784 0.937 0.857 0.861 1.000 1.000 0.971 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.879 1.000 1.000 1.000 1.000 1.000

2022 0.952 0.878 1.000 0.916 0.948 0.926 0.948 1.000 0.883 0.862 1.000 1.000 1.000 1.000 0.962 1.000 0.972 1.000 1.000 0.906 1.000 1.000 1.000 1.000 1.000

2023 0.997 0.734 1.000 1.000 0.978 0.800 0.897 1.000 0.988 0.925 1.000 1.000 0.935 1.000 1.000 1.000 1.000 0.955 1.000 0.770 0.981 1.000 1.000 1.000 1.000

2024 1.000 0.916 1.000 0.859 1.000 0.889 0.964 1.000 0.853 0.902 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.829 1.000 1.000 1.000 1.000 1.000

2025 0.965 0.819 1.000 0.836 1.000 0.888 0.914 1.000 0.984 0.915 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.923 1.000 1.000 1.000 1.000 1.000

2026 0.971 0.753 1.000 0.747 0.988 0.835 0.907 1.000 0.949 0.897 1.000 1.000 1.000 0.977 0.962 1.000 0.977 1.000 1.000 0.856 1.000 0.971 1.000 1.000 1.000

2027 0.774 0.818 1.000 0.677 0.966 0.848 0.806 0.934 0.797 0.730 0.922 1.000 0.980 1.000 0.992 1.000 0.889 1.000 0.979 0.909 1.000 1.000 1.000 1.000 1.000

2028 0.827 0.859 1.000 0.855 0.987 0.822 0.840 1.000 0.954 0.824 1.000 1.000 1.000 1.000 0.947 1.000 0.888 1.000 1.000 0.842 0.984 1.000 0.980 1.000 1.000

2029 0.893 0.766 1.000 0.749 0.839 0.805 0.809 0.942 0.855 0.804 0.984 1.000 0.961 0.995 0.870 0.906 0.993 1.000 0.968 0.845 1.000 0.997 1.000 1.000 1.000

2030 1.000 0.803 1.000 0.902 0.889 0.800 0.842 1.000 0.964 0.928 1.000 0.992 0.894 0.926 0.965 1.000 1.000 0.987 1.000 0.840 1.000 1.000 1.000 1.000 1.000

2031 0.820 0.874 1.000 0.838 0.941 0.897 0.879 1.000 0.871 0.775 1.000 1.000 1.000 0.913 0.900 1.000 0.947 1.000 1.000 0.912 0.978 0.913 1.000 1.000 1.000

2032 0.916 0.887 1.000 0.895 0.979 0.828 0.892 1.000 1.000 0.883 1.000 0.915 0.835 0.890 0.951 0.965 0.957 1.000 1.000 0.847 0.929 0.923 1.000 1.000 1.000

2033 0.775 0.875 0.960 0.984 0.934 0.884 0.897 1.000 0.876 0.759 1.000 0.966 0.840 0.968 0.903 0.967 0.937 1.000 1.000 0.924 0.978 1.000 0.959 0.987 1.000

2034 0.862 0.856 1.000 0.824 0.964 0.949 0.998 1.000 0.853 0.836 1.000 1.000 0.945 0.911 1.000 1.000 1.000 1.000 1.000 0.926 0.855 0.943 1.000 1.000 1.000

2035 0.805 0.791 0.915 0.776 0.907 0.715 0.827 0.979 0.978 0.820 1.000 0.839 0.761 0.835 0.807 0.867 0.897 0.925 0.941 0.756 0.877 0.935 1.000 0.850 1.000

2036 0.805 0.762 1.000 0.751 0.843 0.890 0.855 0.964 0.850 0.792 1.000 0.870 0.753 0.759 0.823 0.846 0.965 1.000 0.972 0.961 1.000 0.915 1.000 0.959 1.000

2037 1.000 0.713 1.000 0.744 0.947 0.935 1.000 1.000 0.954 1.000 1.000 1.000 0.978 0.867 1.000 1.000 1.000 1.000 1.000 0.947 0.832 0.850 1.000 1.000 1.000

2038 0.791 0.759 1.000 0.802 0.985 0.930 0.959 1.000 0.900 0.877 1.000 1.000 0.892 0.837 0.964 0.921 1.000 1.000 1.000 0.963 0.968 0.820 1.000 1.000 1.000

2039 0.908 0.949 1.000 0.813 1.000 0.862 0.900 1.000 1.000 1.000 1.000 0.947 0.779 0.896 0.926 0.863 0.994 0.929 1.000 0.896 0.937 0.898 1.000 1.000 1.000

2040 0.738 0.683 1.000 0.695 0.854 0.805 0.845 0.934 0.936 0.810 1.000 0.962 0.779 0.915 0.935 0.843 0.996 0.910 0.931 0.845 0.891 0.939 0.979 1.000 1.000

2041 0.782 0.805 1.000 0.735 0.890 0.836 0.819 0.889 0.876 0.834 1.000 0.874 0.758 0.780 0.875 0.729 0.866 0.966 0.887 0.895 0.870 0.799 1.000 0.961 1.000

2042 0.787 0.740 1.000 0.940 0.917 0.859 0.815 0.864 0.845 0.861 1.000 0.940 0.805 0.811 1.000 0.872 0.885 0.972 0.881 0.926 0.812 0.897 1.000 1.000 1.000

2043 0.888 0.764 1.000 0.822 0.847 0.897 0.873 0.995 0.805 0.842 1.000 1.000 0.844 0.904 0.980 0.831 1.000 0.959 0.944 0.911 0.914 1.000 1.000 1.000 1.000

2044 0.795 0.666 0.989 0.723 0.872 0.859 0.896 0.944 0.927 0.855 1.000 0.773 0.709 0.748 0.905 0.792 0.851 0.836 0.982 0.858 0.758 0.866 1.000 0.893 1.000

2045 0.654 0.883 1.000 0.731 0.949 0.796 0.775 0.781 0.701 0.684 1.000 0.864 0.756 0.772 0.826 0.747 0.843 0.875 0.810 0.859 0.884 0.870 0.990 0.960 1.000

2046 0.761 0.843 1.000 0.792 0.889 0.835 0.847 0.935 0.707 0.813 1.000 0.718 0.686 0.628 0.825 0.783 0.790 0.933 0.895 0.854 0.642 0.705 0.955 0.876 1.000

2047 0.700 0.864 0.928 0.864 0.900 0.827 0.830 0.923 0.821 0.769 1.000 0.690 0.635 0.662 0.798 0.575 0.752 0.939 0.863 0.937 0.726 0.727 0.894 0.812 1.000

2048 0.744 0.936 0.966 1.000 0.933 0.858 0.851 0.936 0.762 0.748 1.000 0.708 0.677 0.699 0.873 0.690 0.826 0.863 0.880 0.897 0.710 0.883 0.964 0.873 1.000

2049 0.755 0.831 0.987 0.931 0.993 0.852 0.877 0.970 0.938 0.810 1.000 0.905 0.819 0.892 0.999 0.840 0.779 0.866 0.907 0.855 0.797 0.934 0.953 1.000 1.000

2050 0.789 0.800 0.956 0.868 0.834 0.820 0.839 0.891 0.744 0.787 1.000 0.769 0.706 0.762 0.790 0.742 0.782 0.842 0.867 0.837 0.854 0.852 0.992 0.870 1.000

Year NE NV NH NJ NM NY NC ND OH OK OR PA RI SC SD TN TX UT VT VA WA WV WI WY
2010 1.000 0.979 1.000 1.000 0.970 1.000 0.982 1.000 1.000 1.000 1.000 1.000 0.979 0.976 1.000 1.000 0.999 0.994 1.000 0.987 1.000 1.000 1.000 1.000

2011 1.000 0.982 1.000 1.000 0.963 1.000 0.992 1.000 1.000 0.981 1.000 1.000 1.000 0.959 1.000 1.000 0.989 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2012 0.976 0.938 1.000 1.000 0.929 1.000 0.927 1.000 1.000 0.935 1.000 1.000 0.949 0.951 1.000 1.000 1.000 0.983 1.000 0.904 1.000 1.000 1.000 0.955

2013 1.000 0.896 1.000 1.000 0.958 1.000 0.948 1.000 1.000 1.000 1.000 1.000 0.918 0.972 1.000 1.000 1.000 1.000 1.000 0.860 1.000 1.000 1.000 1.000

2014 0.910 0.916 1.000 1.000 0.936 1.000 0.999 0.920 1.000 0.964 1.000 1.000 1.000 0.984 0.989 1.000 0.984 1.000 1.000 0.977 1.000 1.000 1.000 0.996

2015 0.885 0.788 1.000 1.000 0.769 1.000 0.879 1.000 1.000 0.837 1.000 1.000 0.985 0.813 1.000 0.926 0.861 0.880 1.000 0.835 1.000 1.000 1.000 0.902

2016 1.000 0.736 1.000 1.000 0.823 1.000 0.800 1.000 1.000 1.000 1.000 1.000 0.885 0.705 1.000 1.000 1.000 0.845 1.000 0.845 1.000 1.000 1.000 1.000

2017 1.000 0.923 1.000 1.000 0.976 1.000 0.863 1.000 1.000 0.949 1.000 1.000 0.947 0.789 1.000 1.000 0.954 0.964 1.000 0.896 1.000 1.000 1.000 1.000

2018 0.884 0.862 1.000 1.000 0.789 1.000 0.879 1.000 1.000 0.820 1.000 1.000 0.904 0.793 0.960 0.926 0.872 0.947 1.000 0.775 1.000 1.000 1.000 0.916

2019 1.000 0.913 1.000 1.000 0.968 1.000 1.000 1.000 1.000 0.926 1.000 1.000 0.900 0.996 1.000 1.000 0.970 1.000 1.000 0.973 1.000 1.000 1.000 1.000

2020 0.955 0.990 1.000 1.000 0.959 1.000 0.922 1.000 1.000 1.000 1.000 1.000 0.847 0.870 1.000 1.000 1.000 1.000 1.000 0.823 1.000 1.000 1.000 1.000

2021 1.000 0.795 1.000 0.983 0.808 1.000 0.878 1.000 1.000 1.000 1.000 0.934 0.892 0.855 1.000 1.000 0.998 0.842 1.000 0.803 1.000 1.000 1.000 0.932

2022 1.000 0.917 1.000 1.000 0.812 1.000 0.817 1.000 1.000 0.916 1.000 1.000 0.942 0.739 1.000 0.940 0.907 1.000 1.000 0.843 1.000 1.000 1.000 1.000

2023 1.000 0.986 0.832 0.967 0.769 0.880 0.881 1.000 0.881 1.000 1.000 0.867 0.828 0.856 1.000 0.954 0.942 0.999 0.945 0.839 1.000 0.987 1.000 1.000

2024 1.000 0.834 0.915 1.000 0.901 0.907 0.921 1.000 1.000 1.000 0.976 1.000 0.924 0.874 1.000 1.000 1.000 0.994 0.970 0.950 0.966 1.000 1.000 1.000

2025 1.000 0.805 1.000 1.000 0.875 1.000 0.903 1.000 1.000 1.000 1.000 1.000 0.879 0.867 1.000 0.857 1.000 0.933 1.000 0.857 1.000 1.000 1.000 0.951

2026 0.945 0.748 0.939 1.000 0.826 0.951 0.903 1.000 1.000 0.969 1.000 0.987 0.883 0.843 1.000 0.910 0.936 0.871 1.000 0.911 1.000 1.000 0.976 1.000

2027 0.942 0.691 1.000 0.983 0.843 0.999 0.739 1.000 0.979 0.954 0.866 0.886 0.904 0.649 1.000 0.779 0.906 0.874 1.000 0.737 0.988 0.881 0.994 0.957

2028 0.984 0.850 0.892 0.975 0.777 0.886 0.807 1.000 0.990 0.832 1.000 0.861 0.872 0.779 1.000 0.760 0.738 1.000 0.988 0.764 1.000 0.851 0.978 1.000

2029 0.937 0.728 0.889 0.933 0.725 0.868 0.807 0.984 0.964 0.852 0.994 0.834 0.820 0.725 1.000 0.722 0.940 0.793 0.982 0.715 1.000 0.772 1.000 0.880

2030 0.958 0.907 0.839 0.932 0.731 0.853 0.820 1.000 0.906 0.824 1.000 0.829 0.892 0.815 1.000 0.909 0.798 0.947 0.926 0.782 1.000 0.823 1.000 0.996

2031 0.996 0.870 0.923 1.000 0.818 0.950 0.783 1.000 1.000 0.860 1.000 0.923 0.934 0.701 1.000 0.771 0.774 0.955 1.000 0.841 1.000 0.948 0.884 1.000

2032 0.912 0.866 0.842 0.961 0.853 0.840 0.867 0.939 0.879 0.946 1.000 0.825 0.828 0.828 1.000 0.765 0.959 0.949 0.932 0.830 1.000 0.820 0.958 0.963

2033 0.952 0.944 0.905 0.981 0.816 0.858 0.846 1.000 0.895 0.810 1.000 0.835 0.914 0.750 1.000 0.709 0.860 0.973 0.980 0.863 1.000 0.867 1.000 1.000

2034 0.954 0.786 0.901 1.000 0.895 0.893 0.908 1.000 1.000 0.994 1.000 0.955 0.930 0.819 1.000 0.891 1.000 0.868 0.987 1.000 1.000 1.000 0.896 0.887

2035 0.932 0.791 0.716 0.800 0.768 0.696 0.858 1.000 0.806 0.700 1.000 0.712 0.724 0.810 1.000 0.733 0.706 0.896 0.799 0.804 1.000 0.746 0.936 0.973

2036 0.864 0.780 0.968 0.925 0.791 0.952 0.824 1.000 0.791 0.815 0.974 0.795 0.873 0.764 1.000 0.739 0.860 0.855 1.000 0.812 1.000 0.755 0.951 0.942

2037 0.972 0.790 0.945 1.000 0.822 0.921 1.000 0.971 0.983 1.000 1.000 0.972 0.896 1.000 0.969 1.000 0.987 0.857 1.000 0.989 1.000 0.960 0.867 0.964

2038 0.977 0.836 0.949 0.969 0.851 0.938 0.947 0.916 0.946 0.913 1.000 0.878 0.947 0.929 0.970 0.824 1.000 0.905 0.990 0.882 1.000 0.815 0.856 1.000

2039 0.943 0.874 0.871 0.890 0.862 0.913 0.949 0.987 0.802 0.824 1.000 0.796 0.844 0.998 0.986 0.819 0.858 1.000 0.921 0.878 1.000 0.802 0.926 1.000

2040 0.925 0.712 0.820 0.848 0.738 0.805 0.784 1.000 0.774 0.892 1.000 0.779 0.807 0.736 1.000 0.702 0.914 0.802 0.832 0.789 1.000 0.731 0.937 1.000

2041 0.866 0.751 0.865 0.827 0.834 0.879 0.793 0.867 0.742 0.854 1.000 0.748 0.898 0.742 0.902 0.722 0.842 0.871 0.880 0.712 1.000 0.641 0.855 0.931

2042 0.923 0.864 0.928 0.836 0.824 0.863 0.821 1.000 0.776 0.970 1.000 0.772 0.845 0.803 0.962 0.770 0.885 0.826 0.916 0.731 1.000 0.694 0.847 0.923

2043 0.953 0.827 0.894 0.849 0.778 0.856 0.832 1.000 0.758 0.950 1.000 0.769 0.886 0.746 1.000 0.838 0.926 0.830 0.917 0.801 1.000 0.725 0.976 0.933

2044 0.925 0.726 0.812 0.925 0.773 0.857 0.793 0.937 0.780 0.773 1.000 0.915 0.856 0.737 0.967 0.747 0.770 0.763 0.843 0.820 1.000 0.800 0.780 0.912

2045 0.861 0.757 0.838 0.769 0.887 0.822 0.680 0.907 0.722 0.859 0.970 0.733 0.806 0.561 0.941 0.686 0.909 0.885 0.866 0.649 1.000 0.644 0.887 0.949

2046 0.848 0.770 0.826 0.798 0.809 0.788 0.807 0.882 0.736 0.752 1.000 0.760 0.891 0.733 0.892 0.780 0.781 0.846 0.839 0.798 1.000 0.772 0.666 0.907

2047 0.858 0.877 0.947 0.754 0.873 0.831 0.806 0.935 0.669 0.714 1.000 0.714 0.869 0.676 0.948 0.612 0.776 0.878 0.888 0.738 1.000 0.664 0.681 0.985

2048 0.912 0.995 0.864 0.800 0.824 0.849 0.776 1.000 0.697 0.782 1.000 0.738 0.884 0.644 1.000 0.733 0.883 0.939 0.887 0.775 1.000 0.699 0.741 0.997

2049 1.000 0.922 0.829 0.827 0.838 0.775 0.868 1.000 0.764 0.845 1.000 0.763 0.839 0.797 1.000 0.729 0.830 0.930 0.831 0.847 1.000 0.777 0.817 1.000

2050 0.898 0.867 0.803 0.801 0.751 0.822 0.789 0.999 0.738 0.713 1.000 0.792 0.826 0.669 1.000 0.729 0.760 0.875 0.825 0.779 1.000 0.767 0.815 0.928

 

Forestry and logging; Fishing, hunting -$0.6  Water transportation $0.0 

Agriculture, forestry support activities; Other -$0.3  Truck transportation, couriers -$19.9 

Oil and gas extraction -$9.4  Transit and ground passenger transportation -$0.6 

Mining (except oil and gas) -$86.3  Pipeline transportation -$0.2 

Support activities for mining -$7.3  Tourist transportation; support activities -$0.8 

Utilities $13.6  Warehousing and storage -$2.1 

Construction -$30.8  Publishing industries, except Internet -$12.4 

Wood product manufacturing -$1.1  Motion picture and sound recording industries -$4.5 

Nonmetallic mineral product manufacturing -$3.3  Internet publishing, Information services -$10.8 

Primary metal manufacturing -$2.4  Broadcasting, Telecommunications -$28.1 

Fabricated metal product manufacturing -$3.7  Monetary authorities, funds, trusts, financials -$34.1 

Machinery manufacturing -$4.2  Securities, commodity contracts, investments -$39.9 

Computer and electronic product mfg. -$10.3  Insurance carriers and related activities -$6.4 

Electrical equipment and appliance mfg. $1.4  Real estate -$38.2 

Motor vehicles, bodies & trailers, parts mfg. -$8.8  Rental and leasing services -$8.4 

Other transportation equipment manufacturing -$1.6  Professional and technical services -$41.4 

Furniture and related product manufacturing -$3.6  Management of companies and enterprises -$13.9 

Miscellaneous manufacturing $1.4  Administrative and support services -$21.2 

Food manufacturing -$82.3  Waste management and remediation services -$0.5 

Beverage and tobacco product manufacturing -$29.4  Educational services -$2.2 

Textile mills $0.0  Ambulatory health care services -$66.8 

Textile product mills -$1.0  Hospitals -$5.5 

Apparel manufacturing $0.8  Nursing and residential care facilities -$2.0 

Leather and allied product manufacturing -$2.3  Social assistance -$2.0 

Paper manufacturing -$2.5  Performing arts and spectator sports -$2.0 

Printing and related support activities -$0.6  Museums, historical sites, zoos, and parks -$0.2 

Petroleum and coal product manufacturing -$3.6  Amusement, gambling, and recreation -$5.9 

Chemical manufacturing -$18.2  Accommodation -$3.8 

Plastics and rubber product manufacturing -$4.5  Food services and drinking places -$19.9 

Wholesale trade -$45.3  Repair and maintenance -$4.9 

Retail trade -$127.2  Personal and laundry services -$11.2 

Air transportation -$4.1  Membership associations and organizations -$2.0 

Rail transportation -$3.2  Private households -$1.0 

MGD

Assemble climate 
futures for 

precipitation and 
temperature 

conditions with 
uncertainty 

2010 to 2050  
(Via IPCC CMIP3 

Ensembles of Climate 
Models) 

 

Map temperature 
and precipitation 
data to determine 
water availability 
and agricultural 

production 
(Via Sandia 

Hydrological Model) 

 

Calculate state and 
national economic 

consequences 

2010 to 2050  
(Via REMI 

Macroeconomic 
Model) 

 

p = probability; t = time; r = discount rate 

Volatility brings the future transiently into the present. In this example, the 50% 
exceedance-probability impact for the year 2049 is comparable to that of 2035 and 2028. 
Both earlier dates would have impacts greater than that of a “mean-value” trend line.  

The justification for implementing climate change policy 
in the present hinges on the tangible near-term cost of 
inaction.  It is the uncertainty associated with climate 
change that validates the need to act proactively.  
 
To demonstrate a risk assessment methodology*, we simulated the 
interacting impacts among the continental U.S. states, detailing 70 
economic sectors, including business and population migration, from 
2010 to 2050  over the full range of volatile-climate-change exceedance-
probabilities to assess risk.  We only considered economic risk from water 
availability, assuming no policy interventions.  At a global level, climate 
change will cause an increased water cycle, yet at mid-latitudes, the 
water cycle impact is area dependent.  Water availability directly affects 
economic infrastructure, and economy-wide impacts stem largely from 
infrastructure interdependencies.  

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of 
Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.  Laboratory 
Directed Research and Development (LDRD) funding supported this work. SAND Number: 2011-7846C 
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Horschel, Steve Conrad, Andjelka Kelic, Jesse Roach, Marissa Reno, William Stubblefield, 
Laura Cutler, Anna Weddington, William Fogelman, Jim Strickland, and John Mitchiner of SNL. 

For each year and exceedance probability sample, we determined water 
demand by county  for each industry, and water supply  for  200 
watershed basins covering the lower 48 states (historically calibrated 
using 23,000 stream-gauges) using the Sandia Hydrology model. 

Annual U.S. National precipitation trajectories for the 53 A1B 
scenario model runs in the CMIP3 dataset, visually have no pattern. 

Gamma-distribution fits of state-level, climate simulations show a 
compelling pattern.  Actual analysis includes annual volatility. 

We based the sampling 
on nation-level fitted-
distribution of all 53 
CMIP3 runs. Each run is 
associated with  state-
level temporal  and 
spatial relationships. 

We used the WCRP Coupled Model Intercomparison Project (CMIP3) 
multi-model dataset  to  generate a proxy distribution of uncertainty.   
This distribution does not validly portray the actual climate uncertainty, 
but it does have less uncertainty than a complete experimental design.  
The trajectories of future precipitation uncertainty (compared to a 1960-
2010 climate and economic baseline)  determine water supply.  We use  
the REMI model (REMI Inc.) to derive water demands from economic 
activity.  Companies and consumers adjust to water availability by 
investments or process changes. These changes can cause increased costs 
or reduced production that have economic and employment 
consequences. To highlight  internal U.S. interdependencies, for this  
specific analysis we assumed the rest-of-world conditions did not affect 
the U.S.   (Current research includes interdependent, international risks.) 

Water availability at the 1% exceedance probability by state and 
year. Mining as agriculture are affected much more severely.  

The above table displays the national-level risk by industry ($B) from 2010-2050. 
Locally, some industries, such as construction for modified facilities and 
transportation to compensate for lost production will benefit. Their support 
industries, such as electrical machinery, also see benefits.  

Risk combines uncertainty with consequence. Because of the 
asymmetric  costs/consequences, the more the uncertainty, the more 
the risk.  Although these curves are illustrative of the concept, the 
actual analysis includes the specific  technology-level costs  and impacts 
for each industry.  This study underestimates  the climate uncertainty 
and neglects many impact vectors.  It underestimates the risk. 

GDP Risk By State,  2010 to 2050,  
w/o Cost Discounting 

The above figure shows the U.S. Risk by exceedance probability. The risk is largely on 
the right side of the median. Due to the “fat tail” of the  risk distribution, the “mean” 
is not a useful reference point.  
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The REMI macroeconomic model determines impacts across the 
states. We use the official U.S. Department of Commerce forecast as 
the referent and calculate differential impacts. The REMI model is 
being use in an interpolative rather than a extrapolative mode. 

*Backus, George A., Thomas S. Lowry, Drake E. Warren, Mark Ehlen, Geoffrey T. 
Klise, Verne W. Loose, Leonard A. Malczynski, Rhonda K. Reinert, Kevin L. 
Stamber, Vincent C. Tidwell, Vanessa N. Vargas, Aldo A. Zagonel, "Assessing the 
Near-Term Risk of Climate Uncertainty: Interdependencies among the U.S. 
States," SAND Report, April 2010. 
https://cfwebprod.sandia.gov/cfdocs/CCIM/docs/Climate_Risk_Assessment.pdf  
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