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Precipitation is controlled locally by the amount of water vapor and upward motions within clouds. Ina
warming climate, higher amounts of water vapor are expected to produce heavier precipitation. On aglobal
scale, however, precipitation is controlled by evaporation from the Earth’ s surface, which in turn, is
controlled by the available solar and infrared radiation. This course will examine the basic mechanisms of
these two controls of precipitation and how each of these is expected to change in awarming climate. Both
observations and model predictions will be examined to better understand these mechanism and the
confidence we have in our projections.
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While projections of future precipitation remain uncertain in most regions, there is no shortage of projections
about what the future of precipitation may hold. By examining basic theories, climate models, and global
observations, the aim of the course is to expose students to the basic principles and the state of current
knowledge that will allow them to distinguish true progress in our scientific understanding from projections
that are less rooted in basic science. By the end of the course, students will understand the coupling between
global warming and predicted changes in precipitation and why we are quite confident in the warming
projections but still very uncertain about changes in precipitation.
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Lecture 1: Intro to course - controls on water budget
-Basics of Earth’ sWater and Energy balance
-Recent attempts to quantify global estimates

Lecture 2: Sort-wave (Solar) radiation
-Incoming solar radiation
-Interaction of radiation with water vapor, clouds and aerosols.

Lecture 3: Long-wave (Infrared) radiation
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-Emission from the Earth
-Absorption/emission by greenhouse gases

Lecture 4. Long wave radiation
-Radiative transfer and weighting functions
-Expected changes from increased greenhouse gases

Lecture5: Clouds and radiation
-Cloud products
-Cloud Radiative effect

Lecture 6: Water and Energy budgets - a historical perspective

-1896 Arrhenius : On the impacts of doubling CO2

-1914 Dines. On the Water and Energy budget of Earth

-1930-1960 Multiple authors: Water vapor feedbacks in awarming cliamte

Lecture 7: Modern Water and Energy Diagrams
-What have we learned in the last 100 years?
-Stepping through successive improvements in our understanding

Lecture 8: Conceptual Models of change
-Simple models of change and implications for precipitation
-Snowfall vsrainfall in awarming climate

Lecture 9: Climate Model Projections
- Climate Model Projections and Differences
-Projections of underlying changes - can these be confirmed?

Lecture 10: Water budget: Measurement and uncertainty in water vapor
- Radiosondes

- GPS methods

- Microwave and IR sounders

- Trends in water vapor - theory and observations.

Lecture 11: Measurement and uncertainty in global evaporation
-Theory of evaporation

-In situ measurements over sea and land

-Global estimates of evaporation

Lecture 12: Measurement of precipitation
-Insitu

-Radar and radar/Networks

-Surface trends

Lecture 13: The modern era and satellite precipitation - NASA and JAXA
-Radars in space
-Modern satellite products
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-Can we detect climate change?

Lecture 14: Observed changes and feedback effects
-Cloud Feedbacks

-Changes in means vs extremes

Lecture 15: Course Summary
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Basic high school-level math and physics (calculus not required)
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50% Class Attendance; 50% quizzes at the end of 5th, 10th and 15th lectures. A short self-assessment quiz
will be provided with each lecture to allow students to monitor their own understanding.
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https://www.ipcc.ch/report/sixth-assessment-report-cycle/(Useful Material for further reading: The
ntergovernmental Panel on Climate Change (IPCC), Assessment Report 6 (AR6))
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Students are expected to review the course material after each session. The course schedule is designed to
provide sufficient time between classes for consistent self-study and deep reflection.
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