H≀⊒ S⌉∐⊓≀⟩⊣ ∈′′′ A⌈⌈∇⌉∫∫⌉∫ I∫∫⊓⌉∫ ⟩\ D⊣⊔⊣ ⊣\⌈ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕∫ {≀∇ G↕≀⌊⊣↕ C⟨⊣\}⌉

J⌉{{ D≀‡⟩⌉∇ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ S⊣\⊔⊣ B⊣∇⌊⊣∇⊣⇔ CA ∃∋∞′↖̸∋′′̸ ⌈≀‡⟩⌉∇ℵ⌋∇∫⌉≀↙⊓⌋∫⌊↙⌉⌈⊓

S⌉∐⊓≀⟩⊣ ∈′′′ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ∃∈∝∞△ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ B⌉∇‖⌉↕⌉†⇔ CA ∃△∈′ A⊓}⊓∫⊔ ∞∃∃∈

∞

A⌊∫⊔∇⊣⌋⊔ S⌉∐⊓≀⟩⊣ ∈′′′ ⟩∫ ⊣ √∇≀|⌉⌋⊔ ⊔≀ ⌈⌉∫⟩}\ ⊣ \⌉§⊔↖}⌉\⌉∇⊣⊔⟩≀\ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕ {≀∇ ⊣⌋⌋⌉∫∫⟩\}⇔ ⊣∇⌋⟨⟩⊑⟩\}⇔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩\}⇔ ⇕⊣\⊣}⟩\}⇔ ⊣\⌈ ⊑⟩∫⊓⊣↕⟩‡⟩\} ⌈⊣⊔⊣ {≀∇ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∇⌉∫⌉⊣∇⌋⟨↙ F⊓\⌈⌉⌈ ⌊† ⊔⟨⌉ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\⇔ ⟩⊔ ⟨⊣∫ ⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫ {∇≀⇕ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ⊣\⌈ E⊣∇⊔⟨ ∫⌋⟩⌉\⌋⌉ ⌈⌉√⊣∇⊔⇕⌉\⊔∫ ≀\ ⊘⊑⌉ ⌋⊣⇕√⊓∫⌉∫ ≀{ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣↙

∞ M≀⊔⟩⊑⊣⊔⟩≀\ ⊣\⌈ O⌊|⌉⌋⊔⟩⊑⌉∫ {≀∇ S⌉∐⊓≀⟩⊣ ∈′′′ G↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫⇔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊓∫⌉∇∫ ≀{ ∫⊣⊔⌉↕↕⟩⊔⌉ ∇⌉⇕≀⊔⌉ ∫⌉\∫⟩\} ⌈⊣⊔⊣⇔ ⊣∇⌉ ∫⌉∇⟩≀⊓∫↕† ⟩⇕√⌉⌈⌉⌈ ⌊† ⟩\⊣⌈⌉∐⊓⊣⊔⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕∫↙ U∫⌉∇∫ ≀{ ∇⌉⇕≀⊔⌉ ∫⌉\∫⟩\} ⌈⊣⊔⊣ \⌉⌉⌈ ∫⊓⌊∫⊔⊣\⊔⟩⊣↕ ‖\≀⊒↕⌉⌈}⌉ ⊣⌊≀⊓⊔ ⌉↕⌉⌋⊔∇≀⇕⊣}\⌉⊔⟩⌋ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⊣\⌈ ⊣⊔⇕≀∫√⟨⌉∇⌉⇔ ⊣\⌈ ⊣\ ⊣⌊⟩↕⟩⊔† ⊔≀ ⌈⌉⌋⟩√⟨⌉∇ ⊣∇⌋⊣\⌉ ⌈⊣⊔⊣ {≀∇⇕⊣⊔∫↙ D⊣⊔⊣↖⟩\⊔⌉\∫⟩⊑⌉ ∇⌉∫⌉⊣∇⌋⟨ ⟩\ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ⟩∫ ⊣↕∫≀ ⟩⇕√⌉⌈⌉⌈ ⌊† ⊔⟨⌉ ⟩⇕⇕⊣⊔⊓∇⟩⊔† ≀{ ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ⌉∫⊔⟩⇕⊣⊔⟩\} }⌉≀√⟨†∫⟩⌋⊣↕ ⊣\⌈ ⌊⟩≀↕≀}⟩⌋⊣↕ ⊑⊣∇⟩⊣⌊↕⌉∫ {∇≀⇕ ⇕⌉⊣∫⊓∇⌉⇕⌉\⊔∫ ≀{ ⌉↕⌉⌋⊔∇≀↖ ⇕⊣}\⌉⊔⟩⌋ ∇⊣⌈⟩⊣⊔⟩≀\ {∇≀⇕ ⊣⟩∇⌋∇⊣{⊔ ≀∇ ∫√⊣⌋⌉⌋∇⊣{⊔↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊣}⌉\⌋⟩⌉∫ ∇⌉∫√≀\∫⟩⌊↕⌉ {≀∇ ⌈⊣⊔⊣ {≀⌋⊓∫⌉⌈ ⊔≀≀ ⇕⊓⌋⟨ ≀\ ⌈⊣⊔⊣ ⊣⌋∐⊓⟩∫⟩⊔⟩≀\⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ∫⊔≀∇⊣}⌉⇔ ⇕⊣\⊣}⌉⇕⌉\⊔⇔ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\⇔ ⟨⌉\⌋⌉ ⊔⟨⌉ √⟨∇⊣∫⌉ ⊖⊒∇⟩⊔⌉↖≀\↕† ⊣∇⌋⟨⟩⊑⌉⪰ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨⌉ ∫⊔⊣⊔⊓∫ ≀{ ⇕⊣\† ⊔⌉∇⊣⌊†⊔⌉∫ ≀{ ⟨⟩∫⊔≀∇⟩⌋⊣↕ ∫⊣⊔⌉↕↕⟩⊔⌉ ⌈⊣⊔⊣∪D⊓⊔∃′⊎↙ T⟨⌉ ∫⊔⊓⌈† ≀{ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ⟨⊣∫ ∫⊓{{⌉∇⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⇕⊣\† ≀{ ⟩⊔∫ ⌊∇⟩}⟨⊔⌉∫⊔⇔ ⇕≀∫⊔ ⟩\\≀⊑⊣⊔⟩⊑⌉ √∇⊣⌋⊔⟩⊔⟩≀\⌉∇∫ ⟨⊣⊑⌉ ⊣⊑≀⟩⌈⌉⌈ ⊔⟨⌉ ⊣\⊣↕†∫⟩∫ ≀{ ⌈⊣⊔⊣ ⊣\⌈ ⊔⟨⌉ ⊓∫⌉ ≀{ ⌈⊣⊔⊣ ⊔≀ ⊑⌉∇⟩{† ⊣\⌈ ⌋⊣↕⟩⌊∇⊣⊔⌉ ⊔⟨⌉⟩∇ ⇕≀⌈⌉↕∫↙ H⌉\⌋⌉ ⊔⟨⌉ ⇕⊣|≀∇ ≀⌊|⌉⌋⊔⟩⊑⌉ ≀{ S⌉∐⊓≀⟩⊣ ∈′′′ ⟩∫ ⊔≀ ⌈⌉⊑⌉↕≀√ ⊣\ ⟩⇕√∇≀⊑⌉⌈ ⌈⊣⊔⊣ ⊣\⌈ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕ {≀∇ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫ ⊔⟨⊣⊔ {≀∫⊔⌉∇∫ ∫†\⌉∇}⟩∫⊔⟩⌋ ⟩\↖ ⊔⌉∇⊣⌋⊔⟩≀\∫ ⌊⌉⊔⊒⌉⌉\ ≀⌊∫⌉∇⊑⊣⊔⟩≀\∫ ⊣\⌈ ⇕≀⌈⌉↕∫ ⊣\⌈ ⌉\⊣⌊↕⌉∫ ⊣\⌈ ⌉\⌋≀⊓∇⊣}⌉∫ ⟩\⊔⌉∇⌈⟩∫↖ ⌋⟩√↕⟩\⊣∇† ∇⌉∫⌉⊣∇⌋⟨↙

∈ S⌉∐⊓≀⟩⊣ ∈′′′ I\{∇⊣∫⊔∇⊓⌋⊔⊓∇⌉ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\≃∫ ⊙⊣}∫⟨⟩√ ⌉§⊔⌉∇\⊣↕ ∇⌉∫⌉⊣∇⌋⟨ √∇≀|⌉⌋⊔⇔ S⌉∐⊓≀⟩⊣ ∈′′′ ⟨⊣∫ ∈∈ ⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫ {∇≀⇕ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ⊣\⌈ E⊣∇⊔⟨ ∫⌋⟩⌉\⌋⌉ ⌈⌉√⊣∇⊔⇕⌉\⊔∫ ≀\ ⊘⊑⌉ ⌋⊣⇕√⊓∫⌉∫ ≀{ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣∪S⊔≀\∃∈⊎↙ T⟨⌉ P∇≀|⌉⌋⊔ D⟩∇⌉⌋⊔≀∇∫ ⊣∇⌉ M⟩⌋⟨⊣⌉↕ S⊔≀\⌉⌊∇⊣‖⌉∇ {∇≀⇕ ⊔⟨⌉ B⌉∇‖⌉↕⌉† ⌋⊣⇕√⊓∫ ≀\ ⊔⟨⌉ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ∫⟩⌈⌉ ⊣\⌈ J⌉{{ D≀‡⟩⌉∇ {∇≀⇕ ⊔⟨⌉ S⊣\⊔⊣ B⊣∇⌊⊣∇⊣ ⌋⊣⇕√⊓∫ ≀\ ⊔⟨⌉ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∫⟩⌈⌉↙ T⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\∫ ⌈⌉∫⌋∇⟩⌊⌉ ∫≀⇕⌉ ≀{ ⊔⟨⌉ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ⊣\⌈ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ⊣∇⌉⊣∫ ≀{ ⌉§√⌉∇⊔⟩∫⌉↙ A↕↕ ⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫ ⌋⊣\ ⌊⌉ ∇⌉⊣⌋⟨⌉⌈ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ⌉↕⌉⌋⊔∇≀\⟩⌋ ⇕⊣⟩↕ ⊣⌈⌈∇⌉∫∫ ↕⊣∫⊔ \⊣⇕⌉ℵ√≀∫⊔}∇⌉∫↙⌊⌉∇‖⌉↕⌉†↙⌉⌈⊓↙

∈ ∈ SEQUOIA ∈′′′ INFRASTRUCTURE

∈↙∞ S⌉∐⊓≀⟩⊣ G↕≀⌊⊣↕ C⟨⊣\}⌉ R⌉∫⌉⊣∇⌋⟨⌉∇∫ A⇕≀\} ⊔⟨⌉ S⌉∐⊓≀⟩⊣ ⌋≀↖⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫ ⊣∇⌉ \⊓⇕⌉∇≀⊓∫ ∫⌋⟩⌉\⊔⟩∫⊔∫ ⊒⟩⊔⟨ ⊣ ⟨⟩∫⊔≀∇† ≀{ ∫⟩}\⟩⊘⌋⊣\⊔ ⌈⟩∫⌋≀⊑⌉∇⟩⌉∫ ≀{ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀∇ ≀{ ⊔⟨⌉ E⊣∇⊔⟨ S†∫⊔⌉⇕↙

A⊔⇕≀∫√⟨⌉∇⟩⌋ ⌋⟨⌉⇕⟩∫⊔∇† R⟩⌋⟨⊣∇⌈ T⊓∇⌋≀ ≀{ UCLA ⊒⊣∫ ≀\⌉ ≀{ ⊔⟨⌉ ⌈⟩∫⌋≀⊑⌉∇⌉∇∫ ≀{ ⊔⟨⌉ ⊖\⊓⌋↕⌉⊣∇ ⊒⟩\⊔⌉∇⪰ √⟨⌉↖ \≀⇕⌉\≀\ ⟩\ ⊔⟨⌉ ∞∃∀′∫ ⊣\⌈ ⊣↕∫≀ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⊔≀ ≀⊓∇ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ≀{ ⊔⟨⌉ ≀‡≀\⌉↖ ⌈⌉∫⊔∇⊓⌋⊔⟩≀\ ⌋†⌋↕⌉ ⟩\ ⊔⟨⌉ ∫⊔∇⊣⊔≀∫√⟨⌉∇⌉↙ H⟩∫ S⌉∐⊓≀⟩⊣ ⟩\⊑⌉∫⊔⟩}⊣⊔⟩≀\ ∫⌉⌉‖∫ ⊔≀ ⌋≀⊓√↕⌉ ⇕≀⌈⌉↕∫ ≀{ ∫⊔∇⊣⊔≀∫√⟨⌉∇⟩⌋ ⌋⟨⌉⇕⟩∫⊔∇† ⊒⟩⊔⟨ ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ ⌋⟩∇⌋⊓↕⊣⊔⟩≀\↙

C↕≀⊓⌈ ⊣\⌈ E⊣∇⊔⟨ ∇⊣⌈⟩⊣⊔⟩≀\ ⌊⊓⌈}⌉⊔ C⊣⊔⟨⌉∇⟩\⌉ G⊣⊓⊔⟩⌉∇ ≀{ UC S⊣\⊔⊣ B⊣∇⌊⊣∇⊣ ⌉§⊣⇕⟩\⌉∫ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ∇⊣⌈⟩⊣⊔⟩≀\ ⌊⊓⌈}⌉⊔ ⊣∫ ⟩⊔ ⟩∫ ⊣{{⌉⌋⊔⌉⌈ ⌊† ⌋↕≀⊓⌈∫↙ S⟨⌉ ⊓∫⌉∫ ⌈⊣⊔⊣ {∇≀⇕ ⊔⟨⌉ NOAA √≀↕⊣∇ ≀∇⌊⟩⊔⟩\} ⊣\⌈ }⌉≀∫⊔⊣⊔⟩≀\⊣∇† ∫⊣⊔⌉↕↕⟩⊔⌉∫⇔ ⊣\⌈ ⟩∫ ⊣ T⌉⊣⇕ M⌉⇕⌊⌉∇ ≀\ ⊔⟨⌉ A⌈⊑⊣\⌋⌉⌈ I\{∇⊣∇⌉⌈ S≀⊓\⌈⌉∇ ⇐AIRS⇒ ≀\ ⊔⟨⌉ EOS ∫⊣⊔⌉↕↕⟩⊔⌉∫↙

G↕≀⌊⊣↕ ⌋↕⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕∫ C⊣∇↕≀∫ R↙ M⌉⌋⟨≀∫≀ ≀{ UCLA ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ ↕⌉⊣⌈⟩\} ⌈⌉⊑⌉↕≀√⌉∇∫ ⊣\⌈ ⊣\⊣↕†∫⊔∫ ≀{ }↕≀⌊⊣↕ ⌋↕⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕∫↙ H⟩∫ ⌋⊓∇∇⌉\⊔ ∇⌉∫⌉⊣∇⌋⟨ ⌋≀\⌋⌉∇\∫ ⌋≀⊓√↕⟩\} ⊔⟨⌉ ⌋⟩∇⌋⊓↕⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ ⊣⊔⇕≀∫√⟨⌉∇⌉ ⊣\⌈ ≀⌋⌉⊣\∫↙

C↕≀⊓⌈↖⌋↕⟩⇕⊣⊔⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ R⟩⌋⟨⊣∇⌈ C↙ J↙ S≀⇕⌉∇⊑⟩↕↕⌉ ≀{ S⌋∇⟩√√∫ I\∫⊔⟩⊔⊓⊔⟩≀\ ≀{ O⌋⌉⊣\≀}∇⊣√⟨† ⇐UC S⊣\ D⟩⌉}≀⇒ ⌉§⊣⇕⟩\⌉∫ ⊔⟨⌉ ∇⊣⌈⟩⊣⊔⟩⊑⌉ {≀∇⌋⟩\} ≀{ ⌋↕⟩⇕⊣⊔⌉ ⇐⌉↙}↙ ∫⊓∇{⊣⌋⌉ ⌋≀\⊑⌉⌋⊔⟩≀\⇒ ⌊† ⌋↕≀⊓⌈∫↙

H†⌈∇≀↕≀}† J⌉{{ D≀‡⟩⌉∇ ⇐UC S⊣\⊔⊣ B⊣∇⌊⊣∇⊣⇒ ⌉§⊣⇕⟩\⌉∫ ⊔⟨⌉ ↕⟩\‖∫ ⌊⌉⊔⊒⌉⌉\ ⟨†⌈∇≀↕≀}† ⊣\⌈ ⟨†⌈∇≀↖ ⌋⟨⌉⇕⟩∫⊔∇† ≀{ ∫\≀⊒↖⌋≀⊑⌉∇⌉⌈ ⊣↕√⟩\⌉ ⌊⊣∫⟩\∫ ⟩\ ⊔⟨⌉ S⟩⌉∇∇⊣ N⌉⊑⊣⌈⊣⇔ R≀⌋‖† M≀⊓\⊔⊣⟩\∫⇔ A⊓∫⊔∇⟩⊣\ A↕√∫⇔ T⟩⌉\ S⟨⊣\ ≀{ C⟨⟩\⊣ ⊣\⌈ K⊣‡⊣‖∫⊔⊣\⇔ ⊣\⌈ A\⌈⌉∫↙ H⌉ ⟩∫ ⊣\ ⟩\⊔⌉∇↖ ⌈⟩∫⌋⟩√↕⟩\⊣∇† √∇⟩\⌋⟩√⊣↕ ⟩\⊑⌉∫⊔⟩}⊣⊔≀∇ ≀\ EOS⇔ ⊣\⌈ ∇⌉⊔⊓∇\∫ ⊔≀ UCSB ⊔⟨⟩∫ {⊣↕↕ ⊣{⊔⌉∇ ⊣ ⊔⊒≀↖†⌉⊣∇ ⊣√√≀⟩\⊔⇕⌉\⊔ ⊣∫ ⊔⟨⌉ EOS S⌉\⟩≀∇ P∇≀|⌉⌋⊔ S⌋⟩⌉\⊔⟩∫⊔↙

∈↙∈ S⌉∐⊓≀⟩⊣ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ R⌉∫⌉⊣∇⌋⟨⌉∇∫ ∋

O⌋⌉⊣\ ⌉⌋≀↕≀}† ⊣\⌈ √∇≀⌈⊓⌋⊔⟩⊑⟩⊔† R⊣†⇕≀\⌈ C↙ S⇕⟩⊔⟨ ⇐UC S⊣\⊔⊣ B⊣∇⌊⊣∇⊣⇒ ∫⊔⊓⌈⟩⌉∫ ≀⌋⌉⊣\ √∇≀⌈⊓⌋⊔⟩⊑⟩⊔† ⊓∫⟩\} ∫⊣⊔⌉↕↕⟩⊔⌉ ⌈⊣⊔⊣↙ H⌉ ⟨⊣∫ ∫√⌉\⊔ ⊔⟨⌉ ↕⊣∫⊔ ⊔⊒≀ ⊒⟩\⊔⌉∇∫ ⟩\ ⊔⟨⌉ A\⊔⊣∇⌋⊔⟩⌋ O⌋⌉⊣\ ⌉§⊣⇕⟩\⟩\} ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⟩\⌋∇⌉⊣∫⌉⌈ ⊓↕⊔∇⊣⊑⟩≀↕⌉⊔ ∇⊣⌈⟩⊣⊔⟩≀\⇔ ⌋⊣⊓∫⌉⌈ ⌊† ⊔⟨⌉ ≀‡≀\⌉ ⟨≀↕⌉⇔ ≀\ ≀⌋⌉⊣\ √⟨†⊔≀√↕⊣\‖⊔≀\↙

R⌉}⟩≀\⊣↕ ⌋↕⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕∫ J≀⟨\ R≀⊣⌈∫ ⇐UC S⊣\ D⟩⌉}≀⇒ ∫⊔⊓⌈⟩⌉∫ ⊔⟨⌉ ⌋≀⊓√↕⟩\} ⌊⌉⊔⊒⌉⌉\ }↕≀⌊⊣↕ ⌋↕⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕∫ ⊣\⌈ ⌋↕⟩⇕⊣⊔⌉ ≀⊑⌉∇ ↕⊣∇}⌉ ∇⌉}⟩≀\∫⇔ ⌉↙}↙ ⊔⟨⌉ ⊒⌉∫⊔⌉∇\ U↙S↙ H⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⌉§⊣⇕⟩\⌉∫ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⌋↕⟩⇕⊣⊔⌉ ⌋⟨⊣\}⌉ ≀\ √∇⌉⌋⟩√⟩⊔⊣⊔⟩≀\↙

T⌉∇∇⌉∫⊔∇⟩⊣↕ ⌉⌋≀↕≀}† F∇⊣\‖ W↙ D⊣⊑⟩∫ ⇐UC S⊣\⊔⊣ B⊣∇⌊⊣∇⊣⇒ ⊓∫⌉∫ ∫⊣⊔⌉↕↕⟩⊔⌉ ⌈⊣⊔⊣ ⊔≀ ∫⊔⊓⌈† ⊑⌉}⌉⊔⊣⊔⟩≀\ √⊣⊔⊔⌉∇\∫ ⊣\⌈ ⊔⟨⌉⟩∇ ∇⌉↕⊣⊔⟩≀\ ⊔≀ ⊔≀√≀}∇⊣√⟨† ⊣\⌈ ⌋↕⟩⇕⊣⊔⌉↙ H⌉ ⟨⊣∫ ⊣↕∫≀ ⊓∫⌉⌈ ⊔∇⌉⌉ ∇⟩\} ⌈⊣⊔⊣ ⊔≀ ⟩\⊔⌉∇√∇⌉⊔ √⊣∫⊔ ⌋↕⟩⇕⊣⊔⌉ ⌋≀\⌈⟩⊔⟩≀\∫ ⟩\ C⊣↕⟩{≀∇\⟩⊣↙

∈↙∈ S⌉∐⊓≀⟩⊣ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ R⌉∫⌉⊣∇⌋⟨⌉∇∫ A⇕≀\} ⊔⟨⌉ S⌉∐⊓≀⟩⊣ ⌋≀↖⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫ ⊣∇⌉ \⊓⇕⌉∇≀⊓∫ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⊔⟩∫⊔∫ ⊒⟨≀ ⟨⊣⊑⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⊔≀ ∫⟩}\⟩⊘⌋⊣\⊔ ⟩\\≀⊑⊣⊔⟩≀\∫ ⟩\ ∫≀{⊔⊒⊣∇⌉ ⊣\⌈ ⟨⊣∇⌈⊒⊣∇⌉↙

T⌉∇⊔⟩⊣∇† ∫⊔≀∇⊣}⌉ R⊣\⌈† K⊣⊔‡ ⊣\⌈ D⊣⊑⟩⌈ P⊣⊔⊔⌉∇∫≀\ ⇐UC B⌉∇‖⌉↕⌉†⇒ ⌈⌉⊑⌉↕≀√⌉⌈ RAID ⇐∇⌉⌈⊓\⌈⊣\⊔ ⊣∇∇⊣†∫ ≀{ ⟩\⌉§√⌉\∫⟩⊑⌉ ⌈⟩∫‖∫⇒ ⊔⌉⌋⟨\≀↕≀}†⇔ ⊣\⌈ ⊣∇⌉ ⊣√√↕†⟩\} ⊔⟨⌉∫⌉ ∫⊣⇕⌉ ⟩⌈⌉⊣∫ ⊔≀ ≀⊔⟨⌉∇ ‖⟩\⌈∫ ≀{ ∫⊔≀∇⊣}⌉ ⇕⌉⌈⟩⊣↙

T⌉∇⊔⟩⊣∇† ⊘↕⌉ ∫†∫⊔⌉⇕∫ C⊣∇↕ S⊔⊣⌉↕⟩\ ⊣\⌈ T≀⇕ A\⌈⌉∇∫≀\ ⇐UC B⌉∇‖⌉↕⌉†⇒ ⊣∇⌉ ⌈⌉⊑⌉↕≀√⟩\} \⌉⊒ ⊘↕⌉ ∫†∫⊔⌉⇕∫ ⊔≀ ⊣⌈⌈∇⌉∫∫ ⊔⌉∇⊔⟩⊣∇† ∫⊔≀∇⊣}⌉⇔ ⊣\⌈ ⊒⟩↕↕ ⌋≀⇕√⊣∇⌉ ⊔⟨⌉∫⌉ ⊔≀ ⌋≀⇕⇕⌉∇⌋⟩⊣↕↕† ⊣⊑⊣⟩↕⊣⌊↕⌉ ∫†∫⊔⌉⇕∫⇔ ↕⟩\⌉ U\⟩T∇⌉⌉ ⊣\⌈ N⟩\|⊣↙

N⌉⊔⊒≀∇‖⟩\} J≀∫⌉√⟨ P⊣∫∐⊓⊣↕⌉ ⊣\⌈ G⌉≀∇}⌉ P≀↕†‡≀∫ ⇐UC S⊣\ D⟩⌉}≀⇒ ⊣∇⌉ ⌈⌉⊑⌉↕≀√⟩\} \⌉⊒ \⌉⊔⊒≀∇‖ √∇≀⊔≀⌋≀↕∫ {≀∇ {⊣∫⊔ ⊔∇⊣\∫{⌉∇ ≀{ ↕⊣∇}⌉ ⌈⊣⊔⊣ ∫⌉⊔∫↙ I\⌋↕⊓⌈⌉⌈ ⊣∇⌉ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\∫ ⊔≀ ⊔⟨⌉

△ ∋ OVERVIEW OF GLOBAL CHANGE RESEARCH

U\⟩§ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ∫√⌉⌋⟩⊣↕ √∇≀⊔≀⌋≀↕∫ {≀∇ }⊓⊣∇⊣\⊔⌉⌉⌈ ⌈⌉↕⟩⊑⌉∇† ⊣\⌈ {≀∇ ⊔∇⊣\∫⇕⟩∫∫⟩≀\ ≀{ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊑⟩⌈⌉≀ ⌈⊣⊔⊣↙

D⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ M⟩⌋⟨⊣⌉↕ S⊔≀\⌉⌊∇⊣‖⌉∇ ⇐UC B⌉∇‖⌉↕⌉†⇒⇔ ⌈⌉⊑⌉↕≀√⌉∇ ≀{ ⊔⟨⌉ ⌋≀⇕⇕⌉∇⌋⟩⊣↕↕† ⊣⊑⊣⟩↕⊣⌊↕⌉ I\}∇⌉∫ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕⇔ ⟨⊣∫ ⟩\⊑⌉\⊔⌉⌈ ⊣ \⌉§⊔↖}⌉\⌉∇⊣⊔⟩≀\ DBMS⇔ P≀∫⊔}∇⌉∫⇔ ⊔⟨⊣⊔ ⟩\⌋≀∇√≀∇⊣⊔⌉∫ ∫√⊣⊔⟩⊣↕ ∐⊓⌉∇⟩⌉∫ ⊣\⌈ ⊔⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ↕⊣∇}⌉ ≀⌊|⌉⌋⊔∫↙

G⌉≀}∇⊣√⟨⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕∫ K⌉\\ G⊣∇⌈⌉↕∫ ⇐UC B⌉∇‖⌉↕⌉†⇒ ⟨⊣∫ ⌋≀⊓√↕⌉⌈ ⊔⟨⌉ GRASS }⌉≀}∇⊣√⟨⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕ ⊔≀ P≀∫⊔}∇⌉∫↙ U\⌈⌉∇ ⌈⌉⊑⌉↕≀√⇕⌉\⊔ ⟩∫ ⊔⟨⌉ ⌉§⊔⌉\∫⟩≀\ ≀{ P≀∫⊔}∇⌉∫ ⊔≀ ⟨⊣\⌈↕⌉ GIS ⊔†√⌉∫ ≀{ ∐⊓⌉∇⟩⌉∫↙

S⌋⟩⌉\⊔⟩⊘⌋ ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ P⌉⊔⌉∇ K≀⌋⟨⌉⊑⊣∇ ⇐DEC⇒ ⊣\⌈ M⟩⌋⟨⊣⌉↕ B⊣⟩↕⌉† ⇐S⊣\ D⟩⌉}≀ S⊓√⌉∇⌋≀⇕√⊓⊔⌉∇ C⌉\⊔⌉∇⇒ ↕⌉⊣⌈∫ ⊔⟨⌉ ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ ⌉{{≀∇⊔ ⊔≀ ⌋≀⊓√↕⌉ ⌉§⟩∫⊔⟩\} ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ ⊔≀≀↕∫ ⇐IDL⇔ AVS⇔ ⊣\⌈ K⟨≀∇≀∫⇒ ⊔≀ P≀∫⊔}∇⌉∫⇔ ⊣\⌈ ⊔≀ ⊣⌈⌈∇⌉∫∫ ∫⌋⟩⌉\⊔⟩⊘⌋ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ {≀∇ ⊣ \⌉⊒ ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ ∫†∫⊔⌉⇕↙

E↕⌉⌋⊔∇≀\⟩⌋ ∇⌉√≀∫⟩⊔≀∇† R⊣† L⊣∇∫≀\ ⇐UC B⌉∇‖⌉↕⌉†⇒ ⊣⌈⌈∇⌉∫∫⌉∫ ⊔⟨⌉ ⟩\⌋↕⊓∫⟩≀\ ≀{ ⊔⌉§⊔⊓⊣↕ ⌈⊣⊔⊣ ⟩\ P≀∫⊔}∇⌉∫⇔ ⟩\⌋↕⊓⌈⟩\} {⊓↕↕↖⊔⌉§⊔ ∇⌉⊔∇⟩⌉⊑⊣↕ ⊣\⌈ ∐⊓⌉∇⟩⌉∫↙

∋ O⊑⌉∇⊑⟩⌉⊒ ≀{ G↕≀⌊⊣↕ C⟨⊣\}⌉ R⌉∫⌉⊣∇⌋⟨ W⌉ ‖\≀⊒ {∇≀⇕ ⊔⟨⌉ }⌉≀↕≀}⟩⌋ ∇⌉⌋≀∇⌈ ⊔⟨⊣⊔ ⊔⟨⌉ E⊣∇⊔⟨ ⟨⊣∫ ⊓\⌈⌉∇}≀\⌉ ∫⟩}\⟩⊘⌋⊣\⊔ ⊣↕⊔⌉∇↖ ⊣⊔⟩≀\∫ ⟩\ ⟩⊔∫ √⟨†∫⟩⌋⊣↕ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ ∫⟩\⌋⌉ ⊔⟨⌉ √↕⊣\⌉⊔ ⊒⊣∫ {≀∇⇕⌉⌈ ∫≀⇕⌉ △↙▽ ⌊⟩↕↕⟩≀\ †⌉⊣∇∫ ⊣}≀↙ I\⌈⌉⌉⌈⇔ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ⟨⟩∫⊔≀∇† ≀{ ⊔⟨⌉ E⊣∇⊔⟨ ⟩∫ ⊣ ⌈†\⊣⇕⟩⌋ ⌋≀\⊔⟩\⊓⊓⇕⇔ ⊒⟩⊔⟨ ⌋⟨⊣\}⌉∫ ≀\ ⊣↕↕ ⊔⟩⇕⌉ ∫⌋⊣↕⌉∫↙ T⟨⟩∫ ⌉⊑≀↕⊑⟩\} ⌋⟨⊣∇⊣⌋⊔⌉∇ ≀{ ⊔⟨⌉ E⊣∇⊔⟨ ⇕⊣‖⌉∫ ⟩⊔∫ ∫⌋⟩⌉\↖ ⊔⟩⊘⌋ ∫⊔⊓⌈† ⌊≀⊔⟨ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊣\⌈ ⌈⟩{⊘⌋⊓↕⊔↙ W⟨⊣⊔ ⟩∫ ⌈⟩∫⊔⊓∇⌊⟩\}⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⟩∫ ⌉⊑⟩⌈⌉\⌋⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⊣⊔⌉∫ ≀{ ⌋⟨⊣\}⌉ {≀∇ ∫⌉⊑⌉∇⊣↕ ‖⌉† ⌋≀⇕√≀\⌉\⊔∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣∇⌉ ⟩\⌋∇⌉⊣∫⟩\} ⌈∇⊣⇕⊣⊔⟩⌋⊣↕↕†⇔ ⊣\⌈ ⊔⟨⊣⊔ ⟨⊓⇕⊣\ ⊣⌋⊔⟩⊑⟩⊔† ⟩∫ ∇⌉∫√≀\∫⟩⌊↕⌉↙ W⟩⊔⟨⟩\ ⊔⟨⌉ ∫√⊣\ ≀{ ⊣ ∫⟩\↖ }↕⌉ ⟨⊓⇕⊣\ ↕⟩{⌉⊔⟩⇕⌉⇔ ⊒⌉ ⌋⊣\ ⌈⌉⊔⌉⌋⊔ ∫⟩}\⟩⊘⌋⊣\⊔ ⌈⟩{{⌉∇⌉\⌋⌉∫ ⟩\ ⌉⌋≀↕≀}†⇔ ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ ⌋⟨⌉⇕⟩∫⊔∇†⇔ ⊔⌉∇∇⌉∫⊔∇⟩⊣↕ ⊣\⌈ ≀⌋⌉⊣\⟩⌋ ⌉⌋≀∫†∫⊔⌉⇕∫⇔ ⊣\⌈ ⊒⊣⊔⌉∇ ∐⊓⊣↕⟩⊔†↙ W⟨⌉⊔⟨⌉∇ ⟨⊓⇕⊣\ ∫≀⌋⟩⌉⊔† ⊣{{⌉⌋⊔∫ ⊔⟨⌉ E⊣∇⊔⟨ ∫†∫⊔⌉⇕ ⟩∫ \≀ ↕≀\}⌉∇ ⊣ ∐⊓⌉∫⊔⟩≀\↙ T⟨⌉ ∐⊓⌉∫⊔⟩≀\ ⟨⊣∫ \≀⊒

∋↙∞ A⌋⌋⌉↕⌉∇⊣⊔⌉⌈ C⟨⊣\}⌉ ⟩\ E⊣∇⊔⟨ S†∫⊔⌉⇕ C⊣⊓∫⌉⌈ ⌊† H⊓⇕⊣\ A⌋⊔⟩⊑⟩⊔† ▽

⌊⌉⌋≀⇕⌉⇔ ⊖H≀⊒ ∫⌉⊑⌉∇⌉ ⟩∫ ⊔⟨⊣⊔ ⌉{{⌉⌋⊔ ⊣\⌈ ⊒⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌈≀\⌉ ⊣⌊≀⊓⊔ ⟩⊔⊥⪰ T⟨⌉ ⊔⊣⌊↕⌉ ⌊⌉↕≀⊒ ∫⊓⇕⇕⊣∇⟩‡⌉∫ ∫≀⇕⌉ ⊣∫√⌉⌋⊔∫ ≀{ ⊔⟨⌉ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ √∇≀⌊↕⌉⇕↙

T⊣⌊↕⌉ ∞¬ S≀⇕⌉ C⊣⊓∫⌉∫ ≀{ G↕≀⌊⊣↕ C⟨⊣\}⌉ P∇≀⌊↕⌉⇕∫ S√⌉⌋⟩⊘⌋ F⊣⌋⊔∫ I\⌋∇⌉⊣∫⟩\} }∇⌉⌉\⟨≀⊓∫⌉ }⊣∫⌉∫ M≀∇⌉ ⊔⟨⊣\ ▽ G⊔≀\∝†⌉⊣∇ ≀{ ⌋⊣∇⌊≀\ ⟩\⊔≀ ⊣⊔⇕≀∫√⟨⌉∇⌉ {∇≀⇕ {≀∫∫⟩↕ {⊓⌉↕∫ D⌉⌋∇⌉⊣∫⟩\} ∫⊔∇⊣⊔≀∫√⟨⌉∇⟩⌋ ≀‡≀\⌉ ▽ ↗∝†⌉⊣∇ ⟩\⌋∇⌉⊣∫⌉ ⟩\ ⌋⟨↕≀∇≀⊙⊓≀∇≀⌋⊣∇⌊≀\∫ D⌉⌋∇⌉⊣∫⟩\} ⌊⟩≀⌈⟩⊑⌉∇∫⟩⊔† D⌉⌋∇⌉⊣∫⟩\} ∫⟩‡⌉∫ ≀{ ⟨⊣⌊⟩⊔⊣⊔∫ D⌉{≀∇⌉∫⊔⊣⊔⟩≀\ M≀∇⌉ ⊔⟨⊣\ ∞′ ⇕⟩↕↕⟩≀\ ⟨⌉⌋⊔⊣∇⌉∫∝†⌉⊣∇ B⊓∇}⌉≀\⟩\} ⟨⊓⇕⊣\ √≀√⊓↕⊣⊔⟩≀\ P∇≀|⌉⌋⊔⌉⌈ ⇕≀∇⌉ ⊔⟨⊣\ ̸⌊⟩↕↕⟩≀\ ⌊† ∈′′′

∋↙∞ A⌋⌋⌉↕⌉∇⊣⊔⌉⌈ C⟨⊣\}⌉ ⟩\ E⊣∇⊔⟨ S†∫⊔⌉⇕ C⊣⊓∫⌉⌈ ⌊† H⊓⇕⊣\ A⌋⊔⟩⊑⟩⊔† C≀\⊔⟩\⊓⌉⌈ ⟨⊓⇕⊣\↖⟩\⌈⊓⌋⌉⌈ ⌋⟨⊣\}⌉ ⟩\ ⊔⟨⌉ E⊣∇⊔⟨ S†∫⊔⌉⇕ ⊣√√⌉⊣∇∫ ⟩\⌉⊑⟩⊔⊣⌊↕⌉↙ I\↖ ⌋∇⌉⊣∫⌉∫ ⟩\ ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\∫ ≀{ ⌋⊣∇⌊≀\ ⌈⟩≀§⟩⌈⌉ ⌋⊣\ ⌊⌉ ⊔⟩⌉⌈ ⌈⟩∇⌉⌋⊔↕† ⊔≀ ⌋≀⇕⌊⊓∫⊔⟩≀\ ≀{ {≀∫∫⟩↕ {⊓⌉↕∫⇔ ⌈⌉{≀∇⌉∫⊔⊣⊔⟩≀\⇔ ⊣\⌈ ≀⊔⟨⌉∇ ⊣⌋⊔⟩⊑⟩⊔⟩⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ \≀⊔ ↕⟩‖⌉↕† ⊔≀ ⌈⌉⌋∇⌉⊣∫⌉ ∫≀≀\∪IGBP∀⊎̸↙ T⟨⌉ {≀↕↕≀⊒⟩\} {⊣⌋⊔≀∇∫ ⊣↕∫≀ ⌋≀\⊔∇⟩⌊⊓⊔⌉ ⊔≀ ⊣ √⟩⌋⊔⊓∇⌉ ≀{ ⌋≀\⊔⟩\⊓⟩\} }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ⌈∇⟩⊑⌉\ ⌊† ⟨⊓⇕⊣\ ⊣⌋⊔⟩⊑⟩⊔⟩⌉∫¬ • I\⌋∇⌉⊣∫⌉∫ ⟩\ ⊒≀∇↕⌈ √≀√⊓↕⊣⊔⟩≀\⇔ ⊔⟨⌉ ∫⊔∇≀\} ⊣∫∫≀⌋⟩⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ∫⊔⊣\⌈⊣∇⌈ ≀{ ↕⟩⊑⟩\} ⊣\⌈ ⌉\⌉∇}† ⌋≀\∫⊓⇕√⊔⟩≀\⇔ ⊣\⌈ ⌉⌋≀\≀⇕⟩⌋ {⊣⌋⊔≀∇∫ ↕⟩\‖⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣⌊⊓\↖ ⌈⊣\⌋⌉ ≀{ {≀∫∫⟩↕ {⊓⌉↕∫ ∫⊓}}⌉∫⊔ ⊔⟨⊣⊔ ⌋⊣∇⌊≀\ ⌉⇕⟩∫∫⟩≀\∫ ⟩\⊔≀ ⊔⟨⌉ ⊣⊔⇕≀∫√⟨⌉∇⌉ ⊒⟩↕↕ ⟩\⌋∇⌉⊣∫⌉ {≀∇ ⊔⟨⌉ {≀∇⌉∫⌉⌉⊣⌊↕⌉ {⊓⊔⊓∇⌉↙ • E⊑⌉\ ⟩{ ⊔⟨⌉ ⌋≀⊓\⊔∇⟩⌉∫ ≀{ ⊔⟨⌉ ⊒≀∇↕⌈ ⊣}∇⌉⌉⌈ ⊔≀⌈⊣† ⊔≀ {∇⌉⌉‡⌉ ⌉⇕⟩∫∫⟩≀\∫ ≀{ ⌋⊣∇⌊≀\ ⌈⟩≀§⟩⌈⌉ ⊣⊔ ⌋⊓∇∇⌉\⊔ ⊣⇕≀⊓\⊔∫⇔ ⊔⟨⌉ ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\ ⊒≀⊓↕⌈ ⌋≀\⊔⟩\⊓⌉ ⊔≀ ⟩\⌋∇⌉⊣∫⌉↙ S⊔⊣⌊⟩↕⟩‡⟩\} ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ CO ∈ ⊣⊔ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ↕⌉⊑⌉↕⇔ ⊒⟨⟩⌋⟨ ⟩∫ ∈▽↗ ⊣⌊≀⊑⌉ ⊔⟨⌉ √∇⌉↖⟩\⌈⊓∫⊔∇⟩⊣↕ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\⇔ ⊒≀⊓↕⌈ ∇⌉∐⊓⟩∇⌉ ⊣\ ⊓\∇⌉⊣↕⟩∫⊔⟩⌋ ′̸∘∀′↗ ∇⌉⌈⊓⌋⊔⟩≀\ ≀{ ⌋⊣∇⌊≀\ ⌉⇕⟩∫∫⟩≀\∫↙ • P≀√⊓↕⊣⊔⟩≀\ ⟩\⌋∇⌉⊣∫⌉∫ ⌈⌉⊘\⌉ ↕⊣\⌈ ⊓∫⌉ ⌋⟨⊣\}⌉∫ ⊣\⌈ ⊣}∇⟩⌋⊓↕⊔⊓∇⊣↕ √∇≀⌈⊓⌋⊔⟩≀\ ⟩\ ⊒⊣†∫ ⊔⟨⊣⊔ ⌋≀\⊔∇⟩⌊⊓⊔⌉ ⊔≀ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ∇⟩⌋⌉ ⌋⊓↕⊔⟩⊑⊣⊔⟩≀\ ⊣\⌈ ⌋⊣⊔⊔↕⌉ √∇≀⌈⊓⌋⊔⟩≀\ ⊣∇⌉ ∫⟩}\⟩⊘⌋⊣\⊔ ∫≀⊓∇⌋⌉∫ ≀{ ⇕⌉⊔⟨⊣\⌉⇔ ⊣\⌈ ≀⊔⟨⌉∇ ⟩⇕√≀∇⊔⊣\⊔ ∇⊣⌈⟩⊣⊔⟩⊑⌉↕† ⊣⌋⊔⟩⊑⌉ }⊣∫ ⟩\ ⊔⟨⌉ ⊣⊔⇕≀∫√⟨⌉∇⌉↙ • C⟨↕≀∇≀⊙⊓≀∇≀⌋⊣∇⌊≀\∫ ⇕⊣\⊓{⊣⌋⊔⊓∇⌉⌈ {≀∇ ∇⌉{∇⟩}⌉∇⊣⊔⟩≀\ ⊣\⌈ ⊣⟩∇ ⌋≀\⌈⟩⊔⟩≀\⟩\} ⌊∇⌉⊣‖ ⌈≀⊒\ ⊒⟨⌉\ ⊔⟨⌉† ∇⌉⊣⌋⟨ ⊔⟨⌉ ∫⊔∇⊣⊔≀∫√⟨⌉∇⌉⇔ ⊣\⌈ √∇≀⌈⊓⌋⌉ ⊔⟨⌉ ⌋⟨↕≀∇⟩\⌉ ∇⊣⌈⟩⌋⊣↕ ⊔⟨⊣⊔ ⌈⌉∫⊔∇≀†∫ ≀‡≀\⌉↙ T⟨⌉ ⌋⟨↕≀∇⟩\⌉ ∇⊣⌈⟩⌋⊣↕ ⟨⊣∫ ⊣ ∞′′↖†⌉⊣∇ ∇⌉∫⟩⌈⌉\⌋⌉

̸∋ OVERVIEW OF GLOBAL CHANGE RESEARCH

⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ ⊓√√⌉∇ ⊣⊔⇕≀∫√⟨⌉∇⌉⇔ ∫≀ ⊒⌉ ⊣∇⌉ ≀\↕† ⌊⌉}⟩\\⟩\} ⊔≀ ∫⌉⌉ ⊔⟨⌉ ∫⟩}\⟩⊘⌋⊣\⌋⌉ ≀{ ⟨⊓⇕⊣\↖⟩\⌈⊓⌋⌉⌈ ⌋⟨⊣\}⌉∫ ⟩\ ⊔⟨⌉ ⌋⟨⌉⇕⟩∫⊔∇† ≀{ ⊔⟨⌉ ∫⊔∇⊣⊔≀∫√⟨⌉∇⌉↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ {⊓⊔⊓∇⌉ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉∫ ⊒⟩↕↕ \≀⊔ ⌊⌉ ↕⟩⇕⟩⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⌋⊣⊓∫⊣↕ {⊣⌋⊔≀∇∫ ⊒⌉ ⟨⊣⊑⌉ ⊣↕∇⌉⊣⌈† ⟩⌈⌉\⊔⟩⊘⌉⌈↙ S⊓⌊⊔↕⌉⇔ †⌉⊔ ∫⟩}\⟩⊘⌋⊣\⊔⇔ ⌋⟨⊣\}⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ \≀⊒ ⊓\⌈⌉⊔⌉⌋⊔⌉⌈ ⊒⟩↕↕ ⊣↕∫≀ ≀⌋⌋⊓∇↙ T⟨⊓∫⇔ ⊔⟨⌉ ⟩\⌉⊑⟩⊔⊣⌊⟩↕⟩⊔† ≀{ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ⊣\⌈ ⊔⟨⌉ √∇≀∫√⌉⌋⊔ ≀{ ⊓\⊣\⊔⟩⌋⟩√⊣⊔⌉⌈ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ }↕≀⌊⊣↕ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊣⌈⌈ ⊓∇}⌉\⌋† ⊔≀ ≀⊓∇ \⌉⌉⌈ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ E⊣∇⊔⟨ S†∫⊔⌉⇕↙

∋↙∈ I⇕√↕⟩⌋⊣⊔⟩≀\∫ S≀⌋⟩⌉⊔⊣↕ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫ ≀{ ⟨⊓⇕⊣\↖⟩\⌈⊓⌋⌉⌈ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉∫ ⊣∇⌉ ⌉\≀∇⇕≀⊓∫↙ G↕≀⌊⊣↕ ⌋↕⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕∫ ⊣}∇⌉⌉ ⊔⟨⊣⊔ ⊣ ⌈≀⊓⌊↕⟩\} ≀{ ⌋⊣∇⌊≀\ ⌈⟩≀§⟩⌈⌉ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⊣⊔↖ ⇕≀∫√⟨⌉∇⌉⇔ ⊣∫ ⌋≀⇕√⊣∇⌉⌈ ⊔≀ √∇⌉↖⟩\⌈⊓∫⊔∇⟩⊣↕ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\∫⇔ ⊒⟩↕↕ ∇⌉∫⊓↕⊔ ⟩\ ⊣ ∈ − △ ffiC globally-averaged warming of temperatures in the troposphere. The last global temperature change that large�a decrease instead of an increase�occurred during the Ice Age advance and retreat, and brought glacial ice within the boundaries of what is now the United States. However, the Ice Age advance/retreat took place over tens of thousands of years, whereas these human-induced changes are projected to occur within a century. Atmospheric CO2will rise to concentrations substantially greater than any in the last 160,000 years, as evidenced by measurements in air bubbles trapped in ice cores from Antarctica and Greenland.

Global warming is not the only result of changing atmospheric composition. The altered circulation associated with shifts in atmospheric temperature will also affect water balances. Some climate simulations show an increased frequency of drought in many mid-latitude continental regions. Such droughts would reduce water availability and quality for industry, agriculture, and human consumption. Warming may also melt portions of the polar ice sheets and cause the sea level to rise, threatening coastal cities and environments.

Limitations of time and practicality make it dif�cult to ameliorate global change soon. However, if we can improve our predictions of the plausible consequences of future changes, that will provide society with the opportunityto adapt and minimize negative effects.

3.3 Challenge for Earth Systems Science

In addition to integrated measurements of Earth system processes, we must also have an integrated approach to our understanding of the resulting information. In general, the diverse disciplines that comprise the Earth sciences developed

3.4 Elements of Global Change Research Program 7

independently, and they have tended to pursue independent research objectives and strategies. Developments in observational methods, theories, and models in the �elds of meteorology, oceanography, bioclimatology, ecology, geochemistry, geomorphology, and hydrology progressed primarily because of advances within each discipline. Now, however, three forces have combined to alter the modes and focus of research about the Earth:

1. The maturity of traditional disciplines has brought the research frontiers to the interfaces of the Earth Science disciplines.

2. The new view of the Earth from space encourages an integrated approach that sees the planet as a whole system.

3. The growing awareness and apprehension about the effects of humaninduced global change makes interdisciplinary methods critical as well as desirable.

3.4 Elements of Global Change Research Program Objectives of research in global change are to study, predict, and understand changes, both natural and anthropogenic, in the Earth System[CEES91]. This requires improvements in observations, models, and information systems. Sequoia 2000 addresses information systems, with requirements driven by global change researchers at four University of California campuses. Within Sequoia 2000, the global change researchers address the following key problems identi�ed by the Intergovernmental Panel on Climate Change[IPCC90]: • ⊔⟨⌉ ⊖}∇⌉⌉\⟨≀⊓∫⌉ ⌉{{⌉⌋⊔⇔⪰ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⟩\⌋∇⌉⊣∫⟩\} ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\∫ ≀{ ⌋⊣∇⌊≀\ ⌈⟩≀§⟩⌈⌉⇔ ⇕⌉⊔⟨⊣\⌉⇔ ⌋⟨↕≀∇≀⊙⊓≀∇≀⌋⊣∇⌊≀\∫⇔ ⊣\⌈ ≀⊔⟨⌉∇ ∇⊣⌈⟩⊣⊔⟩⊑⌉↕† ⊣⌋⊔⟩⊑⌉ }⊣∫⌉∫∅ • ≀‡≀\⌉ ⌈⌉√↕⌉⊔⟩≀\ ⟩\ ⊔⟨⌉ ∫⊔∇⊣⊔≀∫√⟨⌉∇⌉⇔ ∇⌉∫⊓↕⊔⟩\} ⟩\ ⊣ ∫⟩}\⟩⊘⌋⊣\⊔ ⟩\⌋∇⌉⊣∫⌉ ⟩\ ⊔⟨⌉ ⊓↕⊔∇⊣⊑⟩≀↕⌉⊔ ∇⊣⌈⟩⊣⊔⟩≀\ ∇⌉⊣⌋⟨⟩\} ⊔⟨⌉ E⊣∇⊔⟨≃∫ ∫⊓∇{⊣⌋⌉∅ • ⌋⟨⊣\}⟩\} ⊒⊣⊔⌉∇ ⌋⟨⌉⇕⟩∫⊔∇† ⟩\ ⊣↕√⟩\⌉ ⌉⌋≀∫†∫⊔⌉⇕∫ ⌋⊣⊓∫⌉⌈ ⌊† ⌋⟨⊣\}⟩\} √∇⌉⌋⟩√⟩↖ ⊔⊣⊔⟩≀\ ⌋⟨⌉⇕⟩∫⊔∇†∅ • ⌈⌉{≀∇⌉∫⊔⊣⊔⟩≀\ ⊣\⌈ ≀⊔⟨⌉∇ ⊣\⊔⟨∇≀√≀}⌉\⟩⌋ ⌋⟨⊣\}⌉∫ ⊔≀ ⊔⟨⌉ E⊣∇⊔⟨≃∫ ∫⊓∇{⊣⌋⌉⇔ √≀⊔⌉\↖ ⊔⟩⊣↕↕† ⊣{{⌉⌋⊔⟩\} ⊔⟨⌉ ⌋⊣∇⌊≀\ ⌊⊓⌈}⌉⊔⇔ √⊣⊔⊔⌉∇\∫ ≀{ ⌉⊑⊣√≀∇⊣⊔⟩≀\⇔ √∇⌉⌋⟩√⟩⊔⊣⊔⟩≀\⇔ ∫≀⟩↕ ⌉∇≀∫⟩≀\⇔ ⊣\⌈ ≀⊔⟨⌉∇ ⌋≀⇕√≀\⌉\⊔∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕∅ • ⌋⟨⊣\}⌉∫ ⟩\ √⟨≀⊔≀∫†\⊔⟨⌉∫⟩∫⇔ ∇⌉∫√⟩∇⊣⊔⟩≀\⇔ ⊔∇⊣\∫√⟩∇⊣⊔⟩≀\⇔ ⊣\⌈ ⊔∇⊣⌋⌉ }⊣∫ ⌉§⌋⟨⊣\}⌉⇔ ⌊≀⊔⟨ ≀\ ⊔⟨⌉ ↕⊣\⌈ ⊣\⌈ ⟩\ ⊔⟨⌉ ≀⌋⌉⊣\∅

∀ △ EARTH OBSERVING SYSTEM ⇐EOS⇒

• ⌈⌉⌋↕⟩\⌉ ⟩\ ⊔⟨⌉ ⟨⌉⊣↕⊔⟨ ≀{ ⊑⌉}⌉⊔⊣⊔⟩≀\⇔ ⌊⌉⌋⊣⊓∫⌉ ≀{ ↕≀\}↖⊔⌉∇⇕ ⌋⟨⊣\}⌉∫ ⟩\ ⊔⟨⌉ ⌋⟨⌉⇕⟩∫⊔∇† ≀{ ⊔⟨⌉ ⊣⊔⇕≀∫√⟨⌉∇⌉⇔ √∇⌉⌋⟩√⟩⊔⊣⊔⟩≀\⇔ ∇⊓\≀{{⇔ ⊣\⌈ }∇≀⊓\⌈ ⊒⊣⊔⌉∇↙ I⇕√∇≀⊑⌉⌈ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕∫ ⊒⟩↕↕ ⊣↕↕≀⊒ E⊣∇⊔⟨ S†∫⊔⌉⇕ ∫⌋⟩⌉\⊔⟩∫⊔∫ ⊔≀ ∫⊔⊓⌈† √∇≀⌋⌉∫∫⌉∫ ⊣\⌈ ⌈⌉⊑⌉↕≀√ ⌊⌉⊔⊔⌉∇ ⇕≀⌈⌉↕∫↙ B⌉⊔⊔⌉∇⇔ ⇕≀∇⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩⊑⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕∫ ⊣∇⌉ ⌋∇⟩⊔⟩⌋⊣↕ ⊔≀ ⊔⟨⌉ ∫⊓⌋⌋⌉∫∫ ≀{ ⊔⟨⌉ ∫⊔⊓⌈† ≀{ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ≀⊑⌉∇ ⊔⟨⌉ \⌉§⊔ ⊔⊒≀ ⌈⌉⌋⊣⌈⌉∫⇔ ∫≀ ⊔⟨⊣⊔ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫ ⌋⊣\ ⊒≀∇‖ ⊒⟩⊔⟨ ∫⌋⟩⌉\⊔⟩⊘⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩\∫⊔⌉⊣⌈ ≀{ ∫⊣⊔⌉↕↕⟩⊔⌉ ∇⊣⌈⟩⊣\⌋⌉∫↙

F⟩}⊓∇⌉ ∞¬ C≀\⌋⌉√⊔⊓⊣↕ V⟩⌉⊒ ≀{ ⊣\ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕ {≀∇ G↕≀⌊⊣↕ C⟨⊣\}⌉

△ E⊣∇⊔⟨ O⌊∫⌉∇⊑⟩\} S†∫⊔⌉⇕ ⇐EOS⇒ NASA≃∫ √⊣∇⊔ ≀{ G↕≀⌊⊣↕ C⟨⊣\}⌉ R⌉∫⌉⊣∇⌋⟨ P∇≀}∇⊣⇕ ⟩∫ ⊔⟨⌉ E⊣∇⊔⟨ O⌊∫⌉∇⊑⟩\} S†∫⊔⌉⇕⇔ ⊣ ↕≀\}↖⊔⌉∇⇕ √∇≀|⌉⌋⊔ ⌉§⊔⌉\⌈⟩\} ⊔⟨∇≀⊓}⟨ ∈′∞∋∪D≀‡∃′⊎↙ P∇⌉⌋⊓∇∫≀∇ ⇕⟩∫∫⟩≀\∫ ⌊⌉}⊣\ ⊒⟩⊔⟨ ⊔⟨⌉ ↕⊣⊓\⌋⟨ ≀{ ⊔⟨⌉ U√√⌉∇ A⊔⇕≀∫√⟨⌉∇⌉ R⌉∫⌉⊣∇⌋⟨ S⊣⊔⌉↕↕⟩⊔⌉ ⇐UARS⇒ ⟩\ ∞∃∃∞↙ T⟨⌉ ⌋≀∇⌉ ≀{ ⊔⟨⌉ EOS √∇≀}∇⊣⇕ ⌋≀\∫⟩∫⊔∫ ≀{ ̸∫⊣⊔⌉↕↕⟩⊔⌉∫ ⊒⟩⊔⟨ ⊣⌊≀⊓⊔ ∈′ ∫⌉\∫≀∇∫ ↕⊣⊓\⌋⟨⌉⌈ ⌊⌉⊔⊒⌉⌉\ ∞∃∃∀∘∈′′∈⇔ ⊒⟩⊔⟨ ⟩\∫⊔∇⊓⇕⌉\⊔ ⊔⌉⊣⇕∫ ⊔≀ ⌈⌉⊑⌉↕≀√ ∫⌋⟩⌉\⊔⟩⊘⌋ √∇≀⌈⊓⌋⊔∫∪M≀≀∇∃∞⊎↙ T⟨⌉ ⊑≀↕⊓⇕⌉ ≀{ ∇⊣⊒ ⌈⊣⊔⊣ ⊣\⌈ ∫⌋⟩⌉\⊔⟩⊘⌋ √∇≀⌈⊓⌋⊔∫ ⊒⟩↕↕ ⌉§⌋⌉⌉⌈ ∞ ⊔⌉∇⊣⌊†⊔⌉ √⌉∇ ⌈⊣† ⌊† ∈′′′↙ T⟨⌉∇⌉ ⊣∇⌉ ∈∃ ⟩\⊔⌉∇⌈⟩∫⌋⟩√↕⟩\⊣∇† ⟩\⊑⌉∫⊔⟩}⊣⊔⟩≀\∫�≀\⌉ S⌉∐⊓≀⟩⊣ ⌋≀↖PI ⟩∫ ⊣↕∫≀ ⊣\ ⟩\⊔⌉∇⌈⟩∫⌋⟩√↕⟩\⊣∇† PI�⊣\⌈ ▽′ \⊣⇕⌉⌈ ⌋≀↖⟩\⊑⌉∫⊔⟩}⊣⊔≀∇∫⇔ ⟩\⌋↕⊓⌈⟩\} ≀\⌉ S⌉∐⊓≀⟩⊣ ⌋≀↖I∪NASA∃∞⊎↙ T⟨⌉ ⊔≀⊔⊣↕ ⊓∫⌉∇ √≀√⊓↕⊣⊔⟩≀\ ≀{ EOSDIS ⟩∫ ⌉∫⊔⟩⇕⊣⊔⌉⌈ ⊣⊔ ∞′⇔′′′↙

△↙∞ R⌉↕⊣⊔⟩≀\ ≀{ EOS ⊣\⌈ S⌉∐⊓≀⟩⊣ ∈′′′ S⌉∐⊓≀⟩⊣ ∈′′′ ⟩∫ ⊣ ∇⌉∫⌉⊣∇⌋⟨ √∇≀|⌉⌋⊔ ↕⟩\‖⟩\} ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ⊣\⌈ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∇⌉∫⌉⊣∇⌋⟨∪S⊔≀\∃∈⊎↙ T⟨⌉ EOS D⊣⊔⊣ ⊣\⌈ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕ ⇐EOSDIS⇒ ⟩\⌋↕⊓⌈⌉∫ ≀√↖ ⌉∇⊣⊔⟩≀\⊣↕ ∫†∫⊔⌉⇕ ⊣\⌈ \⌉§⊔↖}⌉\⌉∇⊣⊔⟩≀\ √∇≀⊔≀⊔†√⌉∫⇔ ⌊⊓⊔ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉⟩∇ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔

△↙∞ R⌉↕⊣⊔⟩≀\ ≀{ EOS ⊣\⌈ S⌉∐⊓≀⟩⊣ ∈′′′ ∃

F⟩}⊓∇⌉ ∈¬ S⌋⟨⌉⌈⊓↕⌉ ≀{ U↙S↙ S⊣⊔⌉↕↕⟩⊔⌉ L⊣⊓\⌋⟨⌉∫ ⊣\⌈ EOSDIS V⌉∇∫⟩≀\∫

⊔≀ ⌈⌉↕⟩⊑⌉∇ ∫≀≀\ ⊣\ ≀√⌉∇⊣⊔⟩≀\⊣↕ ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ √∇≀⊔≀⊔†√⌉∫ ⊣∇⌉ ⌋≀\∫⌉∇⊑⊣⊔⟩⊑⌉↙ EOSDIS V⌉∇∫⟩≀\ ′⇔ √∇≀⊑⟩⌈⟩\} ⊣⌋⌋⌉∫∫ ⊔≀ ⌉§⟩∫⊔⟩\} ≀√⌉∇⊣⊔⟩≀\⊣↕ ∫⊣⊔⌉↕↕⟩⊔⌉ ⌈⊣⊔⊣⇔ ⟩∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ {≀∇ ⊣⊑⊣⟩↕⊣⌊⟩↕⟩⊔† ⊔≀ ⊓∫⌉∇∫ ⟩\ ∞∃∃△∪D≀‡∃∞⊎↙ F⌉⊣⊔⊓∇⌉∫ ⊔≀ ⌊⌉ ⟩\⌋≀∇√≀∇⊣⊔⌉⌈ ⟩\⌋↕⊓⌈⌉¬

• ⟩\⊔⌉∇≀√⌉∇⊣⌊⟩↕⟩⊔† ⌊⌉⊔⊒⌉⌉\ EOS ⊣∇⌋⟨⟩⊑⌉ ⌋⌉\⊔⌉∇∫∅ • ∫⌋⟩⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\} ↕⟩⌊∇⊣∇†∅ • ⟩\}⌉∫⊔⟩≀\ ≀{ P⊣⊔⟨⊘\⌈⌉∇ ⌈⊣⊔⊣ ∫⌉⊔∫ ⇐∫⌋⟩⌉\⊔⟩⊘⌋ √∇≀⌈⊓⌋⊔∫ ⌈⌉⊑⌉↕≀√⌉⌈ {∇≀⇕ ⌋⊓∇∇⌉\⊔ ≀√⌉∇⊣⊔⟩≀\⊣↕ ∫⌉\∫≀∇∫⇒↙

∞′ ▽ ISSUES IN INFORMATION SYSTEMS FOR GLOBAL CHANGE

P∇≀⊔≀⊔†√⌉∫ ⌈⌉⊑⌉↕≀√⌉⌈ ⟩\ S⌉∐⊓≀⟩⊣ ∈′′′⇔ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽⇔ ⊒⟩↕↕ ⌊⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉ {≀∇ ⟩\⌋≀∇√≀∇⊣⊔⟩≀\ ⟩\⊔≀ EOSDIS↙

▽ I∫∫⊓⌉∫ ⟩\ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕∫ {≀∇ G↕≀⌊⊣↕ C⟨⊣\}⌉ ▽↙∞ D⊣⊔⊣ B⊣∫⌉ M⊣\⊣}⌉⇕⌉\⊔ C⊓∇∇⌉\⊔ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕∫ ⊣∇⌉ ⊔≀≀ √∇⟩⇕⟩⊔⟩⊑⌉ {≀∇ }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∇⌉↖ ∫⌉⊣∇⌋⟨⇔ ⟨⌉\⌋⌉ ⊔⟨⌉† ⟨⊣⊑⌉ \≀⊔ ⌊⌉⌉\ ⊣⌈≀√⊔⌉⌈ ⌊† ⊔⟨⌉ ∫⌋⟩⌉\⌋⌉ ⌋≀⇕⇕⊓\⟩⊔† ⊔≀ ⊔⟨⌉ ⌉§⊔⌉\⊔⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⊣⊔ ⇕≀⌈⌉∇\ \⊓⇕⌉∇⟩⌋⊣↕ ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ ⟩\⌋≀∇√≀∇⊣⊔⌉⌈ ⟩\ ∫⌋⟩⌉\⊔⟩⊘⌋ ⇕≀⌈⌉↕∫↙ E§⟩∫⊔⟩\} ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫≀{⊔⊒⊣∇⌉ ⟩∫ ⊔†√⟩⌋⊣↕↕† ⌈⌉∫⟩}\⌉⌈ {≀∇ ⟩\⌈⊓∫⊔∇⟩⊣↕ ⊣√√↕⟩↖ ⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⊣ ⟨⊓}⌉ \⊓⇕⌊⌉∇ ≀{ ∫⟨≀∇⊔ ∇⌉⌋≀∇⌈∫⇔ ⌊⊓⊔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∇⌉⌋≀∇⌈∫ ⊣∇⌉ ⌋⟨⊣∇⊣⌋⊔⌉∇∫ ≀∇ \⊓⇕⌊⌉∇∫↙ Q⊓⌉∇⟩⌉∫ ≀\ ⇕⊣⊔⊓∇⌉ ∫†∫⊔⌉⇕∫ ⊣∇⌉ ⊓∫⊓⊣↕↕† ≀√⊔⟩⇕⟩‡⌉⌈↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ √⊣⊓⌋⟩⊔† ≀{ ⌈⊣⊔⊣ ⊔†√⌉∫ ⊣\⌈ ⊔⟨⌉ ⊣⌊∫⌉\⌋⌉ ≀{ }⌉≀}∇⊣√⟨⟩⌋ ∐⊓⌉∇⟩⌉∫ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ ⊓∫⌉{⊓↕\⌉∫∫ ≀{ ⌋≀⇕⇕≀\ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕∫↙ E⊣∇⊔⟨ S†∫⊔⌉⇕ ∫⌋⟩⌉\⊔⟩∫⊔∫ ⊒⊣\⊔ ⊔≀ ∐⊓⌉∇† ⊣\⌈ ⊣\⊣↕†‡⌉¬ • ∇⊣∫⊔⌉∇ ⌈⊣⊔⊣ ⇐⌉↙}↙ ∫⊣⊔⌉↕↕⟩⊔⌉ ⟩⇕⊣}⌉∫⇔ ⌈⟩}⟩⊔⊣↕ ⌉↕⌉⊑⊣⊔⟩≀\ }∇⟩⌈∫⇒ • ⊑⌉⌋⊔≀∇∫ ∘ √≀↕†}≀\∫ ⇐⌉↙}↙ ⌈∇⊣⟩\⊣}⌉ ⌊⊣∫⟩\ ⌊≀⊓\⌈⊣∇⟩⌉∫⇒ ∘ ⌈⟩∇⌉⌋⊔⌉⌈ }∇⊣√⟨∫ ⇐⌉↙}↙ ∇⟩⊑⌉∇ \⌉⊔⊒≀∇‖∫⇒ ∘ ∫⟩⇕√↕⌉ ⊑⌉⌋⊔≀∇∫ ⇐⌉↙}↙ √∇≀⊘↕⌉∫ ≀{ ⊣⊔⇕≀∫√⟨⌉∇⟩⌋ ⟨⊓⇕⟩⌈⟩⊔†⇒ • √≀⟩\⊔ ⌈⊣⊔⊣ ⇐⌉↙}↙ ∇⟩⊑⌉∇ ⌈⟩∫⌋⟨⊣∇}⌉ ∇⌉⌋≀∇⌈∫⇒ • ⊔⌉§⊔ ⌈⊣⊔⊣ ⇐⌉↙}↙ ⊣↕}≀∇⟩⊔⟨⇕ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫⇔ √∇≀⌋⌉∫∫⟩\} ⟨⟩∫⊔≀∇⟩⌉∫⇒ T⟨⌉ ⌋⟨⊣↕↕⌉\}⌉ {⊣⌋⌉⌈ ⌊† S⌉∐⊓≀⟩⊣ ∈′′′ ⟩∫ ⊔≀ ⌈⌉⊑⌉↕≀√ ≀∇ ⇕≀⌈⟩{† ⊣ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ∫⊣⊔⟩∫⊘⌉∫ \⌉⌉⌈∫ {≀∇ ∇⌉⇕≀⊔⌉ ∫⌉\∫⟩\}⇔ }⌉≀}∇⊣√⟨⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ∫†∫⊔⌉⇕∫⇔ ⌈⟩⊑⌉∇∫⌉ ⌈⊣⊔⊣ ⊔†√⌉∫⇔ ⊣\⌈ ≀√⌉∇⊣⊔⟩≀\∫↙ T⟨⌉∫⌉ ∇⌉∐⊓⟩∇⌉ ⌈⟩{{⌉∇⌉\⊔ ∐⊓⌉∇† ⟩\⌈⌉§⟩\} ⊣\⌈ ⊣⌋⌋⌉∫∫ ⇕⌉⊔⟨≀⌈∫↙

▽↙∈ P⟨†∫⟩⌋⊣↕ D⊣⊔⊣ O∇}⊣\⟩‡⊣⊔⟩≀\ S⌋⟩⌉\⊔⟩⊘⌋ √∇≀⌊↕⌉⇕∫ {⊣⌋⌉⌈ ⌊† }↕≀⌊⊣↕ ⌋⟨⊣\}⌉ ∫⌋⟩⌉\⊔⟩∫⊔∫ ∇⌉∐⊓⟩∇⌉ {⊣∫⊔ \⌉⊔⊒≀∇‖ ⊣⌋⌋⌉∫∫ ⊔≀ ⟨⊓}⌉ ⊣⇕≀⊓\⊔∫ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈⇔ ⟨⌉⊔⌉∇≀}⌉\⌉≀⊓∫ ⌈⊣⊔⊣↙ T⟨⌉ ⊑≀↕⊓⇕⌉∫ ⊣∇⌉ ↕⊣∇}⌉� ∫⊔≀∇⌉⌈ ∫⊣⊔⌉↕↕⟩⊔⌉ ⌈⊣⊔⊣⇔ ⌈⌉∇⟩⊑⌉⌈ √∇≀⌈⊓⌋⊔∫⇔ ⊣\⌈ ⇕≀⌈⌉↕ ≀⊓⊔√⊓⊔ ⊒⟩↕↕ ⊣⌈⌈ ⊓√ ⊔≀ ▽′′ ⊔⌉∇⊣⌊†⊔⌉∫∝†⌉⊣∇

▽↙∋ S⊣⇕√↕⌉ Q⊓⌉∇⟩⌉∫ ∞∞

⌊† ∈′′′�⊣\⌈ ⊔⟨⌉ ≀⌊|⌉⌋⊔∫ ⊔⟨⌉⇕∫⌉↕⊑⌉∫ ⊣∇⌉ ↕⊣∇}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉ ⊣ ∫⟩\}↕⌉ L⊣\⌈∫⊣⊔ T⟨⌉⇕⊣⊔⟩⌋ M⊣√√⌉∇ ⟩⇕⊣}⌉ ⟩∫ ∋′′ ⇕⌉}⊣⌊†⊔⌉∫↙ T⟨⌉ ⌋⟨⊣↕↕⌉\}⌉ {⊣⌋⌉⌈ ⌊† S⌉∐⊓≀⟩⊣ ∈′′′ ⟩∫ ⊔≀ ⌈⌉⊑⌉↕≀√¬ • ⊣ ⊘↕⌉ ∫†∫⊔⌉⇕ ⊣\⌈ ⌈⊣⊔⊣⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⊓\⌈⌉∇∫⊔⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈⇔ ⊔⌉∇⊔⟩⊣∇† ⇕⌉⇕≀∇†∅ • ⊣ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⌉{⊘⌋⟩⌉\⊔↕† ⟩\⌈⌉§⌉∫ ⊣\⌈ ⊣⌋⌋⌉∫∫⌉∫ ↕⊣∇}⌉ ≀⌊|⌉⌋⊔∫ ⇐⟩\⌋↕⊓⌈⟩\} ⌋↕⌉⊑⌉∇ ⊣⌊∫⊔∇⊣⌋⊔∫⇒∅ • ⊣ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ≀√⊔⟩⇕⟩‡⌉∫ √⌉∇{≀∇⇕⊣\⌋⌉ ⌊≀⊔⟨ {≀∇ ⊓∫⌉∇∫≃ ⇕≀⌈⌉↕∫ ⊣\⌈ ⊓∫⌉∇∫≃ ∐⊓⌉∇⟩⌉∫↙

▽↙∋ S⊣⇕√↕⌉ Q⊓⌉∇⟩⌉∫ S≀⇕⌉ ∫⊣⇕√↕⌉ ∐⊓⌉∇⟩⌉∫ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⊒⌉ {⊣⌋⌉¬

R⊣∫⊔⌉∇ ∐⊓⌉∇⟩⌉∫ • ⊖S⌉↕⌉⌋⊔ ⊣↕↕ ⌈⊣†↖⊔⟩⇕⌉ AVHRR ⟩⇕⊣}⌉∫ {≀∇ ⊔⟨⌉ S≀⊓⊔⟨⌉∇\ S⟩⌉∇∇⊣ N⌉⊑⊣⌈⊣ ⌊⌉⊔⊒⌉⌉\ O⌋⊔≀⌊⌉∇ ∞∃∃∞ ⊣\⌈ J⊓\⌉ ∞∃∃∈ ⊣\⌈ ∫≀∇⊔ ⌋⟨∇≀\≀↕≀}⟩⌋⊣↕↕†↙⪰ • ⊖S⌉↕⌉⌋⊔ ∘ ⌊⊣\⌈ ∞ ≥ ∫⟨⊣⌈≀⊒ ⊔⟨∇⌉∫⟨≀↕⌈ ⇐⊣\†⊔⟨⟩\} ↕⌉∫∫ ⟩∫ \≀⊔ ∫\≀⊒⇒ ∘ ⌊⊣\⌈ ▽ ≤ ⌋↕≀⊓⌈ ⊔⟨∇⌉∫⟨≀↕⌈ ⇐}⌉⊔∫ ∇⟩⌈ ≀{ ⌋↕≀⊓⌈∫⇒ ∘ ⌊⊣\⌈ △ � band 5 band 4 + band 5[snow grain-size index] for Landsat Thematic Mapper image covering Bubbs Creek area nearest to April 1, 1992.� Directed-graph queries • ⊖I⌈⌉\⊔⟩{† ⊣↕↕ ∇⌉⊣⌋⟨⌉∫ ≀{ ⊔⟨⌉ S⊣\ J≀⊣∐⊓⟩\ R⟩⊑⌉∇ ⊣⌊≀⊑⌉ F∇⟩⊣\⊔ D⊣⇕↙⪰

P≀↕†}≀\ ∐⊓⌉∇⟩⌉∫ • ⊖S⟨≀⊒ ↕⊣\⌈ ⊓∫⌉ ⊣\⌈ ↕⊣\⌈ ⌋≀⊑⌉∇ ⊒⟩⊔⟨⟩\ ▽′′ ‖⇕ ≀{ �U∇ �⊓⇕∐⟩↙⪰

∞∈ ▽ ISSUES IN INFORMATION SYSTEMS FOR GLOBAL CHANGE

P≀⟩\⊔ ∐⊓⌉∇⟩⌉∫ • ⊖S⟨≀⊒ ⊣↕↕ ∫\≀⊒ ⌋≀⊓∇∫⌉∫ ⟩\ ⊔⟨⌉ K⌉∇\ R⟩⊑⌉∇ ⌊⊣∫⟩\ ⊣\⌈ ⊔⊣⌊⊓↕⊣⊔⌉ ⊔⟨⌉⟩∇ ∫\≀⊒ ⊣⌋⌋⊓⇕⊓↕⊣⊔⟩≀\ ⟩\ A√∇⟩↕ ∞∃∃∈↙⪰ J≀⟩\∫ ⌊⌉⊔⊒⌉⌉\ ⊔†√⌉∫ • ⊖S⟨≀⊒ ≀⌋⌉⊣\ √⟨†⊔≀√↕⊣\‖⊔≀\ ⌋≀\⌋⌉\⊔∇⊣⊔⟩≀\ ⊓\⌈⌉∇\⌉⊣⊔⟨ ⊔⟨⌉ ≀‡≀\⌉ ⟨≀↕⌉ ⟩\ ⊣\ ⟩⌋⌉↖{∇⌉⌉ ⊣∇⌉⊣ {≀∇ ⌈⊣⊔⌉∫ \⌉⊣∇⌉∫⊔ O⌋⊔≀⌊⌉∇ ∞▽⇔ ∞∃∃∞↙⪰ • ⊖S⟨≀⊒ ⊣↕↕ ∫\≀⊒ ⌋≀⊓∇∫⌉∫ ⟩\ ⊔⟨⌉ K⌉∇\ R⟩⊑⌉∇ ⌊⊣∫⟩\ ⟨⊣⊑⟩\} ⇕≀∇⌉ ⊔⟨⊣\ ▽′′ ⇕⇕ ≀{ ∫\≀⊒ ⊒⊣⊔⌉∇ ⌉∐⊓⟩⊑⊣↕⌉\⌋⌉ ⟩\ A√∇⟩↕ ∞∃∃∈↙⪰ ▽↙△ D⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ A√√↕⟩⌋⊣⊔⟩≀\∫ S⌋⟩⌉\⌋⌉ ∫≀{⊔⊒⊣∇⌉ ⇕⊓∫⊔ ⟩\⊔⌉∇{⊣⌋⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕↙ M≀⌈⌉↕ ⌋≀⌈⌉∫ ⊣∇⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† S⌉∐⊓≀⟩⊣ ∫⌋⟩⌉\⊔⟩∫⊔∫↙ T⟨⌉ ∇⌉∐⊓⟩∇⌉¬ • ⟩\⊔⌉∇{⊣⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊣\⌈ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕∅ • ↕⟩⌊∇⊣∇⟩⌉∫ {≀∇ ⌋≀⇕⇕≀\ {⊓\⌋⊔⟩≀\∫∅ • ⌉⊣∫† ⟩⇕√≀∇⊔ ≀{ ⊓∫⌉∇↖∫⊓√√↕⟩⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕∫↙ T⟨⌉ ⌋⟨⊣↕↕⌉\}⌉ ⟩∫ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣\ ∫†∫⊔⌉⇕ ⊒⟨⌉∇⌉⌊† ⟩⌈⌉⊣∫ ⊣∇⌉ ⇕≀∇⌉ ⌉⊣∫⟩↕† ⊔∇⊣\∫↕⊣⊔⌉⌈ ⟩\⊔≀ ⌋≀⌈⌉ ⊔⟨⊣⊔ ⌋⊣\ ⊣⌋⌋⌉∫∫ ⊔⟨⌉ ⌈⊣⊔⊣↙ A⌋⌋⌉∫∫ ⊔≀ ⌈⊣⊔⊣ ∫⟨≀⊓↕⌈ ⌊⌉ √∇≀⊑⟩⌈⌉⌈ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕⇔ ⟩\∫⊔⌉⊣⌈ ≀{ ⊔⟨∇≀⊓}⟨ ⊘↕⌉∫↙ T⟨⌉ DBMS ∫⟨≀⊓↕⌈ ⌊⌉ ⌈⌉∫⟩}\⌉⌈ {≀∇ ⌉⊣∫† ⊖∇⌉⌋⟩√⌉ ⇕⊣\⊣}⌉⇕⌉\⊔⪰ ⇐⌉↙}↙ ⌊≀§⌉∫ ⊣\⌈ ⊣∇∇≀⊒∫ √⊣∇⊣⌈⟩}⇕⇒↙ ▽↙▽ R⌉⇕≀⊔⌉ V⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ ⊒⌉ ∇⌉⇕≀⊔⌉↕† ⊑⟩∫⊓⊣↕⟩‡⌉ ↕⊣∇}⌉ ⌈⊣⊔⊣ ∫⌉⊔∫ ∫⊔≀∇⌉⌈ ≀\ ⊣ ⇕⊓↕⊔⟩↖⊔⌉∇⊣⌊†⊔⌉ ∫⊔≀∇⊣}⌉ ∫†∫⊔⌉⇕↙ W⌉ ∇⌉\⌈⌉∇ ⌈⊣⊔⊣ ≀\ ↕≀⌋⊣↕ ⊒≀∇‖∫⊔⊣⊔⟩≀\∫⇔ ∫≀ ⊔⟨⊣⊔ ⊒⌉ ⌋⊣\¬ ⌊∇≀⊒∫⌉ ⊔⟨∇≀⊓}⟨ ⇕⊣\† ⌋≀⇕√∇⌉∫∫⌉⌈ ⟩⇕⊣}⌉∫∅ ⇕⊣\⊣}⌉⇔ ⊓∫⌉⇔ ⊣\⌈ ⇕⊣\⟩√⊓↕⊣⊔⌉ ↕⊣∇}⌉ ⌈⊣⊔⊣ ∫⌉⊔∫ ⊔⟨∇≀⊓}⟨ ⊣ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕∅ ⊣\⌈ ⊓∫⌉ ⊖⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ∫⊔⌉⌉∇⟩\}⪰ ⊔≀ }⊓⟩⌈⌉ ⇕≀⌈⌉↕∫↙ C⟨⊣↕↕⌉\}⌉∫ {≀∇ ⊔⟨⌉ ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ ∫†∫⊔⌉⇕ ⊣∇⌉¬ • ⟩⊔ ⇕⊓∫⊔ ⟨⊣\⌈↕⌉ ↕⊣∇}⌉ ≀⌊|⌉⌋⊔∫ ⇐∫⟩\}↕⌉ ⟩⇕⊣}⌉∫ ≀{ ∫⌉⊑⌉∇⊣↕ ⟨⊓\⌈∇⌉⌈ ⇕⌉}⊣⌊†⊔⌉∫⇒∅ • ⟩⊔ ⇕⊓∫⊔ ⌉§√↕≀⟩⊔ ⊔⟨⌉ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ ≀{ ⊣ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈⇔ ⟨⌉⊔⌉∇≀}⌉\⌉≀⊓∫ ⌋≀⇕√⊓⊔⟩\} ⌉\⊑⟩∇≀\⇕⌉\⊔⇔ ⟩\⌋↕⊓⌈⟩\} ⊒≀∇‖∫⊔⊣⊔⟩≀\∫⇔ ⊑⌉⌋⊔≀∇ ⊣\⌈ √⊣∇⊣↕↕⌉↕ ∫⊓√⌉∇⌋≀⇕√⊓⊔⌉∇∫⇔ ⊣\⌈ \⌉⊔⊒≀∇‖∫∅

▽↙ ̸N⌉⊔⊒≀∇‖∫ ∞∋

F⟩}⊓∇⌉ ∋¬ ⊖DBMS↖⌋⌉\⊔∇⟩⌋⪰ V⟩⌉⊒ ≀{ S⌋⟩⌉\⊔⟩∫⊔∫≃ I\⊔⌉∇⊣⌋⊔⟩≀\ ⊒⟩⊔⟨ D⊣⊔⊣

• ⟩⊔ ⇕⊓∫⊔ √∇≀⊑⟩⌈⌉ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉ I∝O ⊒⟩⊔⟨ ⇕≀⌈⌉↕∫⇔ ∫≀ ⊔⟨⊣⊔ ⌋⟨⊣\}⌉∫ ⟩\ ⇕≀⌈⌉↕ ≀⊓⊔√⊓⊔⇔ ⌋⊣⊓∫⌉⌈ ⌊† ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉↕† ⌋⟨⊣\}⟩\} √⊣∇⊣⇕⌉⊔⌉∇∫⇔ ⊣∇⌉ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⌈⟩∫√↕⊣†⌉⌈∅ • ⊔⟨⌉ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊓∫⊔ ⌊⌉ ∐⊓⌉∇⟩⌉⌈ ⊓∫⟩\} }∇⊣√⟨∫⇔ ⇕⊣√∫⇔ ⊣\⌈ ⟩⇕⊣}⌉∫ ⇐⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⌉§⊔⇒↙ T≀ ∫⊓√√≀∇⊔ ⊔⟨⌉∫⌉ {⊓\⌋⊔⟩≀\∫⇔ ⊒⌉ ⌋≀⊓√↕⌉ ⊔⟨⌉ ⊑⟩∫⊓⊣↕⟩‡⊣⊔⟩≀\ √⊣⌋‖⊣}⌉∫ ⇐⊒⌉ ∫⊓√√≀∇⊔ IDL⇔ AVS⇔ ⊣\⌈ K⟨≀∇≀∫⇒ ⊔≀ ⊔⟨⌉ ⌈⊣⊔⊣ ⌊⊣∫⌉ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕ ⇐P≀∫⊔}∇⌉∫⇒↙ W⌉ √∇≀⊑⟩⌈⌉ ⟩\⊔⌉∇{⊣⌋⌉∫ ⊔≀ ⊣ ⊒⟩⌈⌉ ⊑⊣∇⟩⌉⊔† ≀{ ⌈⊣⊔⊣ ∫⌉⊔∫⇔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⊔≀ ⊣ ∫√⌉⌋⊔∇⊓⇕ ≀{ ⟨⊣∇⌈↖ ⌋≀√† ⌈⌉⊑⟩⌋⌉∫↙ A↕∫≀ ⌋≀⊓√↕⌉⌈ ⊔≀ ⊔⟨⌉ ⌈⊣⊔⊣ ⌊⊣∫⌉ ∫†∫⊔⌉⇕ ⊣∇⌉ ⊣ }∇⊣√⟨⟩⌋⊣↕ ∐⊓⌉∇† ↕⊣\}⊓⊣}⌉ ⊣\⌈ ⊣ ∇⌉⌋⟩√⌉ ⇕⊣\⊣}⌉∇↙ ▽↙ ̸N⌉⊔⊒≀∇‖∫ C⊓∇∇⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⟩\ E⊣∇⊔⟨ S†∫⊔⌉⇕ ∫⌋⟩⌉\⌋⌉ ⌊∇⟩\} \⌉⊔⊒≀∇‖∫ ⊔≀ ⊔⟨⌉⟩∇ ‖\⌉⌉∫↙ T⟨⌉ ∫⊓⌋⌋⌉∫∫ ≀{ ⊣ ∫†∫⊔⌉⇕ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣⌋⌋⌉∫∫ ⊔≀ ⇕⊣\† ⊔⌉∇⊣⌊†⊔⌉∫ ≀{ ⌈⊣⊔⊣ ⟩\ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊣∇⌋⟨⟩⊑⌉∫ ⟨⟩\}⌉∫ ≀\ \⌉⊔⊒≀∇‖∫↙ S⌉∐⊓≀⟩⊣ ∈′′′ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫ ⊒⟩↕↕ ⌊⌉ ⌋≀\\⌉⌋⊔⌉⌈ ⌊† ⊣ △▽ ⇕⌉}⊣⌊⟩⊔∝∫⌉⌋ \⌉⊔⊒≀∇‖↙

∞△ ▽ ISSUES IN INFORMATION SYSTEMS FOR GLOBAL CHANGE

T⟨⌉ ⌋⟨⊣↕↕⌉\}⌉∫ {⊣⌋⌉⌈ ⌊† ⊔⟨⌉ \⌉⊔⊒≀∇‖ ⌋≀⇕√≀\⌉\⊔ ⊣∇⌉ ⊔≀ ⌈⌉⊑⌉↕≀√ \⌉⊒ √∇≀⊔≀⌋≀↕∫ ⊔⟨⊣⊔ ⊣⌈⌈∇⌉∫∫ \⌉⌉⌈∫ {≀∇ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫⇔ ⌉↙}↙ }⊓⊣∇⊣\⊔⌉⌉⌈ ⌈⌉↕⟩⊑⌉∇† {≀∇ ∇⌉∫⌉∇⊑⌉⌈ √⌉∇⟩≀⌈∫↙ M≀∇⌉≀⊑⌉∇⇔ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕ ⇕⊓∫⊔ \≀⊔ ⌊⌉ ⊔⟨⌉ ⌊≀⊔⊔↕⌉\⌉⌋‖∅ {⊣∫⊔ \⌉⊔⊒≀∇‖∫ ⊣∇⌉ ⌉§√⌉\∫⟩⊑⌉⇔ ⊣\⌈ ⊒⌉ ⊒⊣\⊔ ⊔≀ ⇕⊣‖⌉ ∫⊓∇⌉ ⊒⌉ ⊓∫⌉ ⊔⟨⌉ ⌊⊣\⌈↖⊒⟩⌈⊔⟨↙

▽↙ D⊣⊔⊣ B⊣∫⌉ A⌈⇕⟩\⟩∫⊔∇⊣⊔⟩≀\ S⌋⟩⌉\⊔⟩∫⊔∫ \⌉⌉⌈ ⊔≀ ⊔∇⊓∫⊔ ⊔⟨⌉ {⊓\⌋⊔⟩≀\∫ {≀∇ • ⟩\⊔⌉}∇⟩⊔† ⇐⌉↙}↙ ⊔⟩⇕⌉ ⊑⊣∇⟩⊣⊔⟩≀\ ≀{ ⌋⊣↕⟩⌊∇⊣⊔⟩≀\ ⌋≀⌉{⊘⌋⟩⌉\⊔∫⇒∅ • ⌋≀\⌋⊓∇∇⌉\⌋† ⊣\⌈ ⊔∇⟩}}⌉∇∫ ⇐√∇≀⌋⌉∫∫⟩\} ≀{ ∫⌋⟩⌉\⊔⟩⊘⌋ √∇≀⌈⊓⌋⊔∫ ⌈⌉√⌉\⌈∫ ≀\ ⊣⊑⊣⟩↕↖ ⊣⌊⟩↕⟩⊔† ≀{ ⟩\√⊓⊔ ⌈⊣⊔⊣⇒∅ • ⊑⌉∇∫⟩≀\ ⌋≀\⊔∇≀↕ ⊣\⌈ ⊔∇⊣⌋⟩\} ⇐⊣↕}≀∇⟩⊔⟨⇕∫ ⌋⟨⊣\}⌉⇒↙ • ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\⇔ ∇⌉√↕⟩⌋⊣⊔⟩≀\⇔ ⊣\⌈ ⌊⊣⌋‖⊓√↙ T⟨⌉ ⌋⟨⊣↕↕⌉\}⌉ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇕⊓∫⊔ √∇≀⊑⟩⌈⌉ ⊖⌈⊣⊔⊣ ↕⟩\⌉⊣}⌉⇔⪰ ⊣ ∇⌉√∇≀⌈⊓⌋⟩⌊↕⌉ ⊣⊓⌈⟩⊔ ⊔∇⊣⟩↕ {≀∇ ⌉⊑⌉∇† ⟩⊔⌉⇕↙ I⊔ ⇕⊓∫⊔ ⊣↕∫≀ √∇≀⊑⟩⌈⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⌊≀⊓⊔ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊣\⌈ {⊓\⌋⊔⟩≀\∫⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⌈⊣⊔⊣ ≀⌊|⌉⌋⊔∫⇔ ⊣\⌈ ⇕⊓∫⊔ √∇⌉⊑⌉\⊔ ⟩\⊑⊣↕⟩⌈ ≀√⌉∇⊣⊔⟩≀\∫ ≀\ ⌈⊣⊔⊣↙

▽↙∀ E⊑≀↕⊓⊔⟩≀\ A∫ S⌉∐⊓≀⟩⊣ ∈′′′ ⌈⌉⊑⌉↕≀√∫⇔ ⟩⊔ ⇕⊓∫⊔ \≀⊔ ⌊⊓⟩↕⌈ ⟩\ ≀⌊∫⌉↕⌉∫⌉\⌋⌉↙ R⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ⊣∇⌉ ⌈∇⟩⊑⌉\ \≀⊔ ≀\↕† ⌊† ⌋⟨⊣\}⟩\} ⌋≀⇕√⊓⊔⟩\} ⊔⌉⌋⟨\≀↕≀}† ⇐√∇≀⌋⌉∫∫⟩\}⇔ ∫⊔≀∇⊣}⌉⇔ \⌉⊔⊒≀∇‖∫⇔ ∫≀{⊔⊒⊣∇⌉⇒⇔ ⌊⊓⊔ ⊣↕∫≀ ⌊† ⌋⟨⊣\}⟩\} ∫⌋⟩⌉\⌋⌉ ⇐‖\≀⊒↕⌉⌈}⌉ ⊣\⌈ ⊣↕}≀∇⟩⊔⟨⇕∫⇒ ⊣\⌈ ⌋⟨⊣\}⟩\} ∫⌋⟩⌉\⊔⟩∫⊔∫≃ ⌊⌉⟨⊣⊑⟩≀∇ ⊣\⌈ {⊣⇕⟩↕⟩⊣∇⟩⊔† ⊒⟩⊔⟨ ⌋≀⇕√⊓⊔⟩\}↙ S⌉∐⊓≀⟩⊣ ∈′′′ ⇐⊣\⌈ EOSDIS ⊔≀ ⊣ ⇕⊓⌋⟨ ↕⊣∇}⌉∇ ⌋↕⟩⌉\⊔⌉↕⌉⇒ √∇≀⊑⟩⌈⌉∫ ≀√⌉∇⊣⊔⟩≀\⊣↕ ∫⌉∇⊑⟩⌋⌉∫⇔ †⌉⊔ ⇕⊓∫⊔ ⊣↕↕≀⊒ {≀∇ ⌉⊑≀↕⊓⊔⟩≀\↙ I⊔ ⇕⊓∫⊔ ⟩\⌋≀∇√≀∇⊣⊔⌉ ⊣⌈⊑⊣\⌋⌉∫ ⟩\ ⌋≀⇕√⊓⊔⟩\} ⊔⌉⌋⟨\≀↕≀}† ⊣\⌈ \≀⊔ ↕≀⌋‖ ⟩\⊔≀ ≀⌊∫⌉↕⌉∫⌉\⌋⌉↙ I\{≀∇⇕⊣⊔⟩≀\ ⇕⊣\⊣}⌉⇕⌉\⊔ ⇕⊓∫⊔ ⊣↕↕≀⊒ {≀∇ ⟩\∫⌉∇⊔⟩≀\ ≀{ \⌉§⊔↖}⌉\⌉∇⊣⊔⟩≀\ DBMS↙ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ √⊣∇⊣↕↕⌉↕ √∇≀⌋⌉∫∫⟩\} ⟨⊣∇⌈⊒⊣∇⌉ ⇕⟩}⟨⊔ ⌊⌉ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⌊† ⌈⟩{⊘⌋⊓↕⊔† ≀{ √≀∇⊔⟩\} ⌉§⟩∫⊔⟩\} ∫≀{⊔⊒⊣∇⌉↙ B≀⊔⟨ \⌉⊣∇↖⊔⌉∇⇕ ⊣\⌈ ↕≀\}↖⊔⌉∇⇕ }≀⊣↕∫ ⇕⊓∫⊔ ⌊⌉ ⊣⌋⌋≀⇕⇕≀⌈⊣⊔⌉⌈↙

A⌋‖\≀⊒↕⌉⌈}⌉⇕⌉\⊔∫ T⟨⟩∫ ∇⌉∫⌉⊣∇⌋⟨ ⊒⊣∫ ∫√≀\∫≀∇⌉⌈ ⌊† ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⊣\⌈ ⊔⟨⌉ D⟩}⟩⊔⊣↕ E∐⊓⟩√↖ ⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ ⊓\⌈⌉∇ D⟩}⟩⊔⊣↕≃∫ ⊙⊣}∫⟨⟩√ ∇⌉∫⌉⊣∇⌋⟨ √∇≀|⌉⌋⊔ S⌉∐⊓≀⟩⊣ ∈′′′↙ O⊔⟨⌉∇ }≀⊑⌉∇\⇕⌉\⊔ ⊣\⌈ ⟩\⌈⊓∫⊔∇⟩⊣↕ √⊣∇⊔\⌉∇∫ ⟩\⌋↕⊓⌈⌉ ⊔⟨⌉ C⊣↕⟩{≀∇\⟩⊣ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ W⊣⊔⌉∇

REFERENCES ∞▽

R⌉∫≀⊓∇⌋⌉∫⇔ ⊔⟨⌉ U↙S↙ G⌉≀↕≀}⟩⌋⊣↕ S⊓∇⊑⌉†⇔ ESL⇔ H⌉⊒↕⌉⊔⊔↖P⊣⌋‖⊣∇⌈⇔ H⊓}⟨⌉∫ A⟩∇⌋∇⊣{⊔ C≀⇕√⊣\†⇔ M⌉⊔∇⊓⇕ I\{≀∇⇕⊣⊔⟩≀\ S⊔≀∇⊣}⌉⇔ R⌉∫⌉⊣∇⌋⟨ S†∫⊔⌉⇕∫ I\⌋≀∇√≀∇⊣⊔⌉⌈⇔ ⊣\⌈ S⌋⟩↖ ⌉\⌋⌉ A√√↕⟩⌋⊣⊔⟩≀\∫ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀∇√≀∇⊣⊔⟩≀\↙ M† ⊒≀∇‖ ≀\ EOS ⟩∫ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ N⊣⊔⟩≀\⊣↕ A⌉∇≀\⊣⊓⊔⟩⌋∫ ⊣\⌈ S√⊣⌋⌉ A⌈⇕⟩\⟩∫⊔∇⊣⊔⟩≀\↙

R⌉{⌉∇⌉\⌋⌉∫ ∪CEES∃∞⊎ C≀⇕⇕⟩⊔⊔⌉⌉ ≀\ E⊣∇⊔⟨ ⊣\⌈ E\⊑⟩∇≀\⇕⌉\⊔⊣↕ S⌋⟩⌉\⌋⌉∫↙ O⊓∇ C⟨⊣\}⟩\} P↕⊣\⌉⊔¬ T⟨⌉ FY ∞∃∃∈ U↙S↙ G↕≀⌊⊣↕ C⟨⊣\}⌉ R⌉∫⌉⊣∇⌋⟨ P∇≀}∇⊣⇕↙ O{⊘⌋⌉ ≀{ S⌋⟩⌉\⌋⌉ ⊣\⌈ T⌉⌋⟨\≀↕≀}† P≀↕⟩⌋†⇔ W⊣∫⟨⟩\}⊔≀\⇔ D↙C↙⇔ ∞∃∃∞↙ ∪D≀‡∃′⊎ J↙ D≀‡⟩⌉∇↙ L≀≀‖⟩\} ⊣⟨⌉⊣⌈ ⊔≀ EOS¬ ⊔⟨⌉ E⊣∇⊔⟨ O⌊∫⌉∇⊑⟩\} S†∫⊔⌉⇕↙ C≀⇕↖ √⊓⊔⌉∇∫ ⟩\ P⟨†∫⟩⌋∫⇔ △⇐∋⇒¬∈△∀∘∈▽∃⇔ ∞∃∃′↙ ∪D≀‡∃∞⊎ J↙ D≀‡⟩⌉∇ ⊣\⌈ H↙ K↙ R⊣⇕⊣√∇⟩†⊣\↙ P↕⊣\\⟩\} {≀∇ ⊔⟨⌉ EOS D⊣⊔⊣ ⊣\⌈ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕ ⇐EOSDIS⇒↙ I\ R↙ W↙ C≀∇⌉↕↕ ⊣\⌈ P↙ A↙ A\⌈⌉∇∫≀\⇔ ⌉⌈⟩⊔≀∇∫⇔ G↕≀⌊⊣↕ E\⊑⟩∇≀\⇕⌉\⊔⊣↕ C⟨⊣\}⌉⇔ NATO ASI S⌉∇⟩⌉∫ I¬ G↕≀⌊⊣↕ E\⊑⟩∇≀\⇕⌉\⊔⊣↕ C⟨⊣\}⌉⇔ V≀↕↙ ∞⇔ √√↙ ∞▽▽∘∞∀′↙ S√∇⟩\}⌉∇↖V⌉∇↕⊣}⇔ B⌉∇↕⟩\⇔ ∞∃∃∞↙ ∪D⊓⊔∃′⊎ J↙ A↙ D⊓⊔⊔≀\↙ T⟨⌉ EOS D⊣⊔⊣ ⊣\⌈ I\{≀∇⇕⊣⊔⟩≀\ S†∫⊔⌉⇕¬ ⌋≀\⌋⌉√⊔∫ {≀∇ ⌈⌉∫⟩}\↙ IEEE T∇⊣\∫⊣⌋⊔⟩≀\∫ ≀\ G⌉≀∫⌋⟩⌉\⌋⌉ ⊣\⌈ R⌉⇕≀⊔⌉ S⌉\∫⟩\}⇔ ∈⇐∈⇒¬∞′∃∘∞∞⇎ ∞∃∃′↙ ∪IGBP∀⊎̸ U↙S↙ C≀⇕⇕⟩⊔⊔⌉⌉ {≀∇ ⊣\ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ G⌉≀∫√⟨⌉∇⌉↖B⟩≀∫√⟨⌉∇⌉ P∇≀}∇⊣⇕↙ G↕≀⌊⊣↕ C⟨⊣\}⌉ ⟩\ ⊔⟨⌉ G⌉≀∫√⟨⌉∇⌉↖B⟩≀∫√⟨⌉∇⌉¬ I\⟩⊔⟩⊣↕ P∇⟩≀∇⟩⊔⟩⌉∫ {≀∇ ⊣\ IGBP↙ N⊣⊔⟩≀\⊣↕ A⌋⊣⌈⌉⇕† P∇⌉∫∫⇔ W⊣∫⟨⟩\}⊔≀\⇔ D↙C↙⇔ ∞∃∀↙̸ ∪IPCC∃′⊎ J↙ T↙ H≀⊓}⟨⊔≀\⇔ G↙ J↙ J⌉\‖⟩\∫⇔ ⊣\⌈ J↙ E↙ E√⟨∇⊣⊓⇕∫⇔ ⌉⌈⟩⊔≀∇∫↙ C↕⟩↖ ⇕⊣⊔⌉ C⟨⊣\}⌉¬ T⟨⌉ IPCC S⌋⟩⌉\⊔⟩⊘⌋ A∫∫⌉∫∫⇕⌉\⊔↙ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫⇔ C⊣⇕⌊∇⟩⌈}⌉⇔ ∞∃∃′↙ ∪M≀≀∇∃∞⊎ B↙ M≀≀∇⌉⇔ J↙ D≀‡⟩⌉∇⇔ M↙ R↙ A⌊⌊≀⊔⊔⇔ D↙ M↙ B⊓⊔↕⌉∇⇔ D↙ S⌋⟨⟩⇕⌉↕⇔ ⊣\⌈ M↙ R↙ S⌋⟨≀⌉⌊⌉∇↕↙ T⟨⌉ ∇⌉∫⊔∇⊓⌋⊔⊓∇⌉⌈ E⊣∇⊔⟨ O⌊∫⌉∇⊑⟩\} S†∫⊔⌉⇕¬ ⟩\∫⊔∇⊓⇕⌉\⊔ ∇⌉⌋≀⇕⇕⌉\⌈⊣⊔⟩≀\∫↙ E≀∫⇔ T∇⊣\∫⊣⌋⊔⟩≀\∫⇔ A⇕⌉∇⟩⌋⊣\ G⌉≀√⟨†∫⟩⌋⊣↕ U\⟩≀\⇔ ∈⇐△⇏¬▽′▽⇔ ▽∞′⇔ ▽∞⇎ ∞∃∃∞↙ ∪NASA∃∞⊎ NASA↙ EOS R⌉{⌉∇⌉\⌋⌉ H⊣\⌈⌊≀≀‖↙ NASA G≀⌈⌈⊣∇⌈ S√⊣⌋⌉ F↕⟩}⟨⊔ C⌉\⊔⌉∇⇔ G∇⌉⌉\⌊⌉↕⊔⇔ MD⇔ ∞∃∃∞↙ ∪S⊔≀\∃∈⊎ M↙ S⊔≀\⌉⌊∇⊣‖⌉∇↙ A\ ≀⊑⌉∇⊑⟩⌉⊒ ≀{ ⊔⟨⌉ S⌉∐⊓≀⟩⊣ ∈′′′ √∇≀|⌉⌋⊔↙ I\ P∇≀↖ ⌋⌉⌉⌈⟩\}∫ ∞∃∃∈ COMPCON C≀\{⌉∇⌉\⌋⌉⇔ S⊣\ F∇⊣\⌋⟩∫⌋≀⇔ ∞∃∃∈↙