Projecting Changes in Tanzania Rainfall for the 21st century: Scenarios, Downscaling and Analysis
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4. HIDDEN STATES PHYSICAL INTERPRETATION & SELECTION OF PREDICTORS

1. SUMMARY

mean GPH + trade WINDS State 1 All Year GPH + horizontal WINDS (Anomalies)

and Zonal Winds (ZW) at 850 hPa, and Zonal Winds at the Equator(ZWE) from 10 to 1000 hPa. The NHMM is then used to predict future rain-
fall patterns under a global warming scenario (RCP8.5), using predictors from the CMCC-CMS simulations from 1950-2100. The model directly
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A Non-Homogeneous hidden Markov Model (NHMM) is developed using a 40-years record (1950-1990) of daily rainfall at eleven stations in e N e =
Tanzania and re-analysis atmospheric fields of Temperature (T) at 1000 hPa, Geo Potential Height (GPH) at 1000 hPa, Meridional Winds (MW) = =+ = 4 - — Steps
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. Predictor domain for atmospheric variables: latitude (25S to 25N) and longitude (25E to 75N).

State 2 All Year Temperature 1000 hPa (Anomalies)

considers seasonality through changes in the driving variables thus addressing the question of how future changes in seasonality of precipi-
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tation can be modeled. The future downscaled simulations from NHMM, with predictors derived from the simulations of the CMCC-CMS ¢ = N . Predictors considered: Temperature (T) at 1000 hPa, Geo Potential Height (GPH) at 1000 hPa, Meridional Winds (MW)
CGM, in the worst conditions of global warming as simulated by RCP8.5 scenario, indicate that, Tanzania may be subjected to to a reduction = * /)it — _\/_ LN > [ T ) and Zonal Winds (ZW) at 850 hPa, and Zonal Winds along the equator (ZWE) from 10 to 1000 hPa.
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of total annual rainfall; this reduction is concentrated in the wet seasons, OND, mainly as a consequence of decreasing of seasonal number of ”ﬂ@\,\{% - (@} </<
: , : : B A SRR P A . Calculation of the averaged composite of each variables, from the daily fields corresponding to a particular state of the
wet days. . Frequency and Intensity of extreme events don’t show any evident trend during the 21 century.
eyt e s e . @//U HMM "Viterbi" sequence. These fields were obtained from NCEP/NCAR Reanalysis data (http://
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g s 75; ’\ \4 /s % el wrl, s \k > 7
A1 ‘“\‘{\) N i 7001 - < ° ° ° ° ° ° ° ° °
2. DATA & METHODS N %71/?—%\\ . Comparative analysis of the composite fields for each hidden state for meaningful physical interpretation.
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g iy T —— . Dimension reduction for each field using Principal Component Analysis (PCA).
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3. HIDDEN STATES OF DAILY RAINFALL OCCURRENCE AND AMOUNT et Seasonal Rainjell Ao Total Seasonal Wet Days

1. HMM is used to identify a number of hidden states of daily rainfall occurrence using observations of the 11 stations previously de-

scribed in paragraph 2, for 1950 to 1990

6. PROJECTING CHANGES IN TANZANIA RAINFALL FOR THE 21ST CENTURY

In order to use NHMM to predict future rainfall patterns for Tanzania Projections of the future rainfall patterns in Tanzania under global warming scenario RCP8.5 as simulated by CMCC-CMS CGM

2. NHMM is applied to relate hidden states to daily large scale predictors extracted from the NCAR-NCEP reanalysis dataset. Calibra- e A b o s e
: I : : L : using 21st century global warming scenarios we apply: 5 5 = | o ‘ | j : :
tion (1950-1980) and validation (1981-1990) tests are carried out in order to select the best combinations of predictors and to construct & Y8 & PPYY it ] o T ; | A 2 Diagnosis
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In global warming scenarios, seasonal shifts due to large scale atmospheric circulation changes have to be considered. The NHMM is  itarias comparison of basic statistics (seasonal mean, variance, ’ Annual Rainfall Amount Trend for each station: 1S t?ed to the movement of the Inte.r-troplcal Convergence Zone (ITCZ)
consequently applied to the daily data for the full year without seasonality assumptions. “Seasonality” is identified by the variables Annual Rainjall Amount Trend black circle = positive; red circle = negative; di- which moves north and south during the year. (Chris Jack, 2008). The
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State 5 : very dry homogeneous. It is representative of the of dry season in Tanzania: from June to September is the dominant state



