TCCY Resource Mapping 2026 — Expenditure Category Source Code

Appendix: Expenditure by Category Analysis Scripts
Three-Script Pipeline: Workbook • Enhanced Statistics • Charts
Resource Mapping 2026 — Tennessee Commission on Children and Youth
This appendix provides the complete, annotated source code for the Expenditure by Category analysis presented in the Resource Mapping 2026 report. The analysis disaggregates $15.3 billion in total program expenditures across nine standardized cost categories—Direct Services, Contract/Third Party, Payroll/Personnel, Equipment, Training & Development, Evaluation & Quality, Outreach & Engagement, Admin/Overhead, and Other—to characterize how Tennessee invests in children’s programs.
The pipeline comprises three scripts. Script A (build_expenditure_by_category.py, 672 lines) produces the main workbook with summary tables by agency, outcome, focus, and overall portfolio, plus program detail and coverage notes. Script B (build_exp_category_enhanced.py, 709 lines) produces the statistical companion workbook with bootstrap confidence intervals, agency cluster bootstrap, influence diagnostics, PERT-based sensitivity analysis, funding source views, and convergence diagnostics. Script C (build_exp_category_charts.py, 372 lines) generates three publication-ready charts: TISA comparison, composition by outcome, and composition by focus.
Annotations are cross-referenced to the Expenditure Category Methodology Document, which provides the full analytical justification, data quality assessment, and interpretation guidance. TISA ($6.54 billion, 42.7% of the portfolio, classified as 100% Direct Services) is excluded from all enhanced analyses and outcome/focus breakdowns to reveal the underlying composition of non-formula spending.


PART A
Script A: Main Workbook Builder
build_expenditure_by_category.py — 672 lines. Produces the six-sheet RM_FY25_Expenditure_by_Category.xlsx workbook: By Agency, By Outcome, By Focus, Overall, Program Detail, and Coverage Notes.
A.1 Configuration and Styles
Nine expenditure category columns are defined with display labels and a teal/blue color palette for Excel formatting. The BEP_PROG_SUBSTR pattern identifies TISA for exclusion. Styles define header fills, fonts, borders, and number formats used consistently across all output sheets.
📎 Methods Reference: See Methodology §2.1 (Category Taxonomy) for the nine-category definitions and §3.2 (TISA) for the exclusion rationale.
"""
FY25 Resource Mapping — Expenditure by Category Workbook
==============================================================
Reads FY25_rebuilt.xlsx and produces RM_FY25_Expenditure_by_Category.xlsx.
 
Sheets produced:
  1. By Agency      — expenditure category breakdown by state agency
  2. By Outcome     — by TCCY Outcome (Safe/Healthy/Educated/etc.)
  3. By Focus       — by TCCY Programmatic Focus (7 categories)
  4. Overall        — statewide portfolio total + TISA-exclusive view
  5. Program Detail — program-level rows with category columns + flags
  6. Coverage Notes — data quality, included/excluded, backfill notes, flags
 
Charts are generated separately by build_exp_category_charts.py.
Statistical companion: build_exp_category_enhanced.py.
 
Usage:
    python build_expenditure_by_category.py
"""
 
import pandas as pd
import numpy as np
from openpyxl import Workbook
from openpyxl.styles import Font, PatternFill, Alignment, Border, Side
from openpyxl.utils import get_column_letter
 
# ── CONFIG ────────────────────────────────────────────────────────────────────
INPUT_PATH = “path to clean FY25 data set”
OUTPUT_PATH = “path to where you want to save it”
 
CATEGORY_COLS = [
    "Exp: Direct Services", "Exp: Contract/Third Party",
    "Exp: Payroll/Personnel", "Exp: Equipment",
    "Exp: Training & Development", "Exp: Evaluation & Quality",
    "Exp: Outreach & Engagement", "Exp: Admin/Overhead", "Exp: Other",
]
CATEGORY_LABELS = [
    "Direct Services", "Contract/Third Party", "Payroll/Personnel",
    "Equipment", "Training & Dev", "Evaluation & QA",
    "Outreach & Engagement", "Admin/Overhead", "Other",
]
 
TISA_SUBSTR = "TISA"
 
# ── STYLES ────────────────────────────────────────────────────────────────────
NAVY = "1E4E79"
LIGHT_BG = "EAF4F7"
 
HEADER_FONT = Font(name="Arial", bold=True, color="FFFFFF", size=10)
HEADER_FILL = PatternFill(start_color=NAVY, end_color=NAVY, fill_type="solid")
SUBHEADER_FONT = Font(name="Arial", bold=False, color="FFFFFF", size=9)
TITLE_FONT = Font(name="Arial", bold=True, size=13, color=NAVY)
SUBTITLE_FONT = Font(name="Arial", italic=True, size=9, color="666666")
DATA_FONT = Font(name="Arial", size=10)
TOTAL_FONT = Font(name="Arial", bold=True, size=10, color=NAVY)
TOTAL_FILL = PatternFill(start_color="D6E4F0", end_color="D6E4F0", fill_type="solid")
TISA_EXCL_FILL = PatternFill(start_color="E8F5E9", end_color="E8F5E9", fill_type="solid")
TISA_EXCL_FONT = Font(name="Arial", bold=True, size=10, color="2E7D32")
WARN_FILL = PatternFill(start_color="FFF3CD", end_color="FFF3CD", fill_type="solid")
WARN_FONT = Font(name="Arial", italic=True, size=9, color="856404")
MONEY_FMT = "$#,##0"
PCT_FMT = "0.0%"
THIN_BORDER = Border(
    left=Side(style="thin", color="CCCCCC"),
    right=Side(style="thin", color="CCCCCC"),
    top=Side(style="thin", color="CCCCCC"),
    bottom=Side(style="thin", color="CCCCCC"),
)
ALT_FILL = PatternFill(start_color=LIGHT_BG, end_color=LIGHT_BG, fill_type="solid")
 
# Total columns: Group | N | N w/cats | Total Exp | Unallocated | 9×($,%) = 23
N_COLS = 23
 
 
A.2 Data Loading
The load_data function implements the three-tier total expenditure resolution (Exp:Total → Total → Total Funding), backfill logic (category sum replaces missing total), alignment logic (category sum overrides stale total when exceeding it by > 0.1%), and TISA detection. Column matching for TCCY Outcome and Focus uses cascading preference: TCCY-prefixed → Primary → generic. All 298 programs are loaded; 242 have category data.
📎 Methods Reference: See Methodology §4.1 (Data Cleaning) for the complete cleaning specification, including backfill and alignment rules. See §3.1 (Coverage Summary) for inclusion counts.
# ── DATA LOADING ──────────────────────────────────────────────────────────────
def to_num(val):
    if pd.isna(val):
        return np.nan
    try:
        return float(str(val).replace(",", "").replace("$", ""))
    except (ValueError, TypeError):
        return np.nan
 
 
def load_data(path):
    df = pd.read_excel(path)
 
    # Column matching
    col_map = {}
    for expected in CATEGORY_COLS:
        matches = [c for c in df.columns if expected.lower() in c.lower()
                   or c.lower().replace(":", "").strip() == expected.lower().replace(":", "").strip()]
        if matches:
            col_map[matches[0]] = expected
    df.rename(columns=col_map, inplace=True)
 
    for col in CATEGORY_COLS:
        if col in df.columns:
            df[col] = df[col].apply(to_num)
        else:
            df[col] = np.nan
 
    df["_cat_sum"] = df[CATEGORY_COLS].sum(axis=1, skipna=True)
 
    total_col = next(
        (c for c in ["Total", "Exp: Total",  "Total Funding"] if c in df.columns), None
    )
    df["_total_raw"] = df[total_col].apply(to_num) if total_col else np.nan
 
    # Backfill: if total missing but categories exist, use category sum
    df["_backfilled"] = False
    mask_bf = (df["_total_raw"].isna() | (df["_total_raw"] == 0)) & (df["_cat_sum"] > 0)
    df.loc[mask_bf, "_total_raw"] = df.loc[mask_bf, "_cat_sum"]
    df.loc[mask_bf, "_backfilled"] = True
 
    # Alignment: if category sum > total, use category sum
    df["_cat_exceeds"] = False
    mask_ex = (df["_cat_sum"] > 0) & (df["_total_raw"] > 0) & (
        df["_cat_sum"] > df["_total_raw"] * 1.001
    )
    df.loc[mask_ex, "_cat_exceeds"] = True
    df.loc[mask_ex, "_total_raw"] = df.loc[mask_ex, "_cat_sum"]
 
    df["_exp_total"] = df["_total_raw"]
    df["_has_cats"] = df["_cat_sum"] > 0
    df["_unallocated"] = df["_exp_total"].fillna(0) - df["_cat_sum"]
    df.loc[df["_unallocated"] < 0, "_unallocated"] = 0
 
    # Column identification
    agency_col = next((c for c in df.columns if "agency" in c.lower()), None)
    prog_col = next(
        (c for c in df.columns
         if "program" in c.lower() and "focus" not in c.lower() and "service" not in c.lower()),
        None,
    )
 
    # Outcome: prefer "TCCY Outcome", then "Primary Outcome", then generic
    outcome_col = next(
        (c for c in df.columns if "outcome" in c.lower() and "tccy" in c.lower()), None
    )
    if outcome_col is None:
        outcome_col = next(
            (c for c in df.columns if c.lower().strip() == "primary outcome"), None
        )
    if outcome_col is None:
        outcome_col = next(
            (c for c in df.columns if "outcome" in c.lower()
             and "data" not in c.lower() and "quality" not in c.lower()
             and "intended" not in c.lower()),
            None,
        )
 
    # Focus: prefer "TCCY Focus", then "Programmatic Focus", then generic
    focus_col = next(
        (c for c in df.columns if "focus" in c.lower() and "tccy" in c.lower()), None
    )
    if focus_col is None:
        focus_col = next(
            (c for c in df.columns if "focus" in c.lower() and "program" in c.lower()), None
        )
    if focus_col is None:
        focus_col = next((c for c in df.columns if "focus" in c.lower()), None)
 
    df["_agency"] = df[agency_col].astype(str).str.strip() if agency_col else "Unknown"
    df["_program"] = df[prog_col].astype(str).str.strip() if prog_col else "Unknown"
    df["_outcome"] = df[outcome_col].astype(str).str.strip() if outcome_col else "Unknown"
    df["_focus"] = df[focus_col].astype(str).str.strip() if focus_col else "Unknown"
    df["_is_tisa"] = df["_program"].str.contains(TISA_SUBSTR, case=False, na=False)
 
    # Normalize outcome variant
    df.loc[df["_outcome"] == "Supported and Nurtured", "_outcome"] = "Nurtured and Supported"
 
    print(f"  Outcome column: {outcome_col}")
    print(f"  Focus column: {focus_col}")
 
    return df
 
 
A.3 Summary Sheet Builder
The build_summary_sheet function is the workhorse for the By Agency, By Outcome, and By Focus sheets. For each group, it computes program count, total expenditure, nine category dollar amounts and percentages, and the categorized coverage ratio. Percentages are computed as dollar-weighted shares of categorized expenditure (not means of program-level percentages). Programs without category data are excluded from both numerator and denominator but included in total counts.
A footnote block documents the portfolio-level summary: total analyzed, allocated amount, number of single-category programs, Admin/Overhead percentage in context (noting it is consistent with nonprofit administrative cost benchmarks of 15–25%), and the reporting gap framing (“this is a reporting gap, not missing funds”).
📎 Methods Reference: See Methodology §4.2 (Aggregation) and Appendix A (Percentage Computation) for the dollar-weighted aggregation justification. See §5.3 (Single-Category Programs) for the 31% prevalence finding.
# ── SUMMARY SHEET BUILDER ────────────────────────────────────────────────────
def _write_summary_row(ws, row, col1_val, n, n_cats, total_exp, unalloc, cat_totals, font, fill=None):
    """Write one summary row: group label, counts, total, unallocated, 9 category ($,%) pairs.
    Category percentages use categorized expenditure as denominator."""
    ws.cell(row=row, column=1, value=col1_val).font = font
    ws.cell(row=row, column=2, value=n).font = font
    ws.cell(row=row, column=2).alignment = Alignment(horizontal="center")
    ws.cell(row=row, column=3, value=n_cats).font = font
    ws.cell(row=row, column=3).alignment = Alignment(horizontal="center")
    c = ws.cell(row=row, column=4, value=round(total_exp) if total_exp else None)
    c.font = font
    c.number_format = MONEY_FMT
    c = ws.cell(row=row, column=5, value=round(unalloc) if unalloc and unalloc > 0 else None)
    c.font = font
    c.number_format = MONEY_FMT
 
    # Denominator = sum of categorized dollars (not total expenditure)
    allocated = sum(ct for ct in cat_totals if ct and ct > 0)
    for i, cat_total in enumerate(cat_totals):
        base_col = 6 + i * 2
        pct = cat_total / allocated if allocated > 0 and cat_total and cat_total > 0 else None
        c_d = ws.cell(row=row, column=base_col, value=round(cat_total) if cat_total > 0 else None)
        c_d.font = font
        c_d.number_format = MONEY_FMT
        c_p = ws.cell(row=row, column=base_col + 1, value=pct if pct and pct > 0 else None)
        c_p.font = font
        c_p.number_format = PCT_FMT
 
    for c in range(1, N_COLS + 1):
        ws.cell(row=row, column=c).border = THIN_BORDER
        if fill:
            ws.cell(row=row, column=c).fill = fill
 
 
def build_summary_sheet(wb, df, sheet_name, title_text, group_col):
    ws = wb.create_sheet(sheet_name)
    ws.sheet_view.showGridLines = False
 
    ws.cell(row=1, column=1, value=title_text).font = TITLE_FONT
    ws.merge_cells(start_row=1, start_column=1, end_row=1, end_column=N_COLS)
    ws.cell(row=2, column=1,
            value="Source: FY25_rebuilt.xlsx | Programs with expenditure data").font = SUBTITLE_FONT
    ws.merge_cells(start_row=2, start_column=1, end_row=2, end_column=N_COLS)
 
    subset = df[df["_has_cats"] | (df["_exp_total"] > 0)].copy()
 
    # Headers
    header_row = 4
    sub_row = 5
    data_start = 6
 
    col_headers = [group_col.replace("_", ""), "N", "N w/cats", "Total Exp", "Unallocated"]
    for label in CATEGORY_LABELS:
        col_headers.extend([label, ""])
 
    for i, h in enumerate(col_headers):
        cell = ws.cell(row=header_row, column=1 + i, value=h)
        cell.font = HEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
        cell.alignment = Alignment(horizontal="center", wrap_text=True)
 
    for col_idx in [4, 5]:
        cell = ws.cell(row=sub_row, column=col_idx, value="($)")
        cell.font = SUBHEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
    for i in range(9):
        base_col = 6 + i * 2
        for offset, label in [(0, "($)"), (1, "(%)")]:
            cell = ws.cell(row=sub_row, column=base_col + offset, value=label)
            cell.font = SUBHEADER_FONT
            cell.fill = HEADER_FILL
            cell.border = THIN_BORDER
            cell.alignment = Alignment(horizontal="center")
 
    # Group rows
    groups = sorted(g for g in subset[group_col].dropna().unique()
                    if str(g).lower() != "nan")
    row = data_start
 
    for g_idx, grp in enumerate(groups):
        grp_data = subset[subset[group_col] == grp]
        n = len(grp_data)
        n_cats = int(grp_data["_has_cats"].sum())
        total_exp = grp_data["_exp_total"].sum()
        unalloc = grp_data["_unallocated"].sum()
        cat_totals = [grp_data[cc].sum() for cc in CATEGORY_COLS]
 
        _write_summary_row(ws, row, grp, n, n_cats, total_exp, unalloc, cat_totals, DATA_FONT)
        if g_idx % 2 == 1:
            for c in range(1, N_COLS + 1):
                ws.cell(row=row, column=c).fill = ALT_FILL
        row += 1
 
    # TOTAL row
    total_n = len(subset)
    total_n_cats = int(subset["_has_cats"].sum())
    total_exp = subset["_exp_total"].sum()
    total_unalloc = subset["_unallocated"].sum()
    total_cats = [subset[cc].sum() for cc in CATEGORY_COLS]
    _write_summary_row(ws, row, "TOTAL", total_n, total_n_cats, total_exp, total_unalloc,
                       total_cats, TOTAL_FONT, TOTAL_FILL)
    row += 1
 
    # TISA-exclusive row
    excl = subset[~subset["_is_tisa"]]
    excl_n = len(excl)
    excl_n_cats = int(excl["_has_cats"].sum())
    excl_exp = excl["_exp_total"].sum()
    excl_unalloc = excl["_unallocated"].sum()
    excl_cats = [excl[cc].sum() for cc in CATEGORY_COLS]
    _write_summary_row(ws, row, "TOTAL (excl. TISA)", excl_n, excl_n_cats, excl_exp,
                       excl_unalloc, excl_cats, TISA_EXCL_FONT, TISA_EXCL_FILL)
    row += 2
 
    # Footnotes
    n_zero_cat = total_n - total_n_cats
    if n_zero_cat > 0:
        zero_cat_dollars = subset[~subset["_has_cats"]]["_exp_total"].sum()
        note1 = (
            f"Note: {n_zero_cat} programs (${zero_cat_dollars:,.0f}) reported total expenditure "
            f"but no category breakdown. Category percentages are computed from categorized "
            f"dollars only — programs without breakdowns are excluded from both numerator and "
            f"denominator. The \u201CUnallocated\u201D column shows the gap between total expenditure "
            f"and categorized expenditure for each group."
        )
        ws.cell(row=row, column=1, value=note1).font = WARN_FONT
        ws.merge_cells(start_row=row, start_column=1, end_row=row, end_column=N_COLS)
        row += 1
 
    # Admin/Overhead context
    total_allocated = sum(subset[cc].sum() for cc in CATEGORY_COLS)
    admin_total = subset["Exp: Admin/Overhead"].sum()
    admin_pct = admin_total / total_allocated * 100 if total_allocated > 0 else 0
    excl_allocated = sum(excl[cc].sum() for cc in CATEGORY_COLS)
    excl_admin = excl["Exp: Admin/Overhead"].sum()
    excl_admin_pct = excl_admin / excl_allocated * 100 if excl_allocated > 0 else 0
    note2 = (
        f"Note: Admin/Overhead is {admin_pct:.1f}% of categorized expenditure portfolio-wide "
        f"({excl_admin_pct:.1f}% excl. TISA). "
        f"This is low relative to typical public-sector administrative cost ratios, likely "
        f"reflecting classification differences across agencies rather than unusually low overhead."
    )
    ws.cell(row=row, column=1, value=note2).font = WARN_FONT
    ws.merge_cells(start_row=row, start_column=1, end_row=row, end_column=N_COLS)
 
    # Column widths
    ws.column_dimensions["A"].width = 44
    ws.column_dimensions["B"].width = 5
    ws.column_dimensions["C"].width = 8
    ws.column_dimensions["D"].width = 17
    ws.column_dimensions["E"].width = 15
    for i in range(9):
        ws.column_dimensions[get_column_letter(6 + i * 2)].width = 16
        ws.column_dimensions[get_column_letter(7 + i * 2)].width = 7
 
    return ws
 
 
A.4 Program Detail and Coverage Notes
The build_program_detail sheet provides one row per program with all nine category values, enabling program-level quality checks. Flag columns identify programs where (a) the agency did not report categories, (b) categories were backfilled, or (c) the total was aligned to the category sum. The build_coverage_notes sheet documents portfolio coverage, lists all 56 programs without category data sorted by expenditure, and provides the interpretation context that the gap is concentrated in custodial-care programs.
📎 Methods Reference: See Methodology §4.4 (Program Detail), §5.4 (Missing Category Data by Agency), and §3.2 (Notable Exclusions).
# ── PROGRAM DETAIL SHEET ─────────────────────────────────────────────────────
def build_program_detail(wb, df):
    ws = wb.create_sheet("Program Detail")
    ws.sheet_view.showGridLines = False
 
    ws.cell(row=1, column=1, value="FY25 Program-Level Expenditure by Category").font = TITLE_FONT
    ws.merge_cells(start_row=1, start_column=1, end_row=1, end_column=16)
 
    headers = (["Agency", "Program", "TCCY Outcome", "TCCY Focus", "Exp Total Used",
                "Unallocated"] + CATEGORY_LABELS + ["Flag"])
    for c, h in enumerate(headers, 1):
        cell = ws.cell(row=3, column=c, value=h)
        cell.font = HEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
        cell.alignment = Alignment(horizontal="center", wrap_text=True)
 
    subset = df[df["_has_cats"] | (df["_exp_total"] > 0)].sort_values(["_agency", "_program"])
 
    row = 4
    for idx, (_, prog) in enumerate(subset.iterrows()):
        ws.cell(row=row, column=1, value=prog["_agency"]).font = DATA_FONT
        ws.cell(row=row, column=2, value=prog["_program"]).font = DATA_FONT
        ws.cell(row=row, column=3, value=prog["_outcome"]).font = DATA_FONT
        ws.cell(row=row, column=4, value=prog["_focus"]).font = DATA_FONT
 
        c = ws.cell(row=row, column=5,
                    value=round(prog["_exp_total"]) if pd.notna(prog["_exp_total"]) else None)
        c.font = DATA_FONT
        c.number_format = MONEY_FMT
 
        unalloc = prog["_unallocated"]
        if pd.notna(unalloc) and unalloc > 0:
            c = ws.cell(row=row, column=6, value=round(unalloc))
            c.number_format = MONEY_FMT
            c.font = DATA_FONT
 
        for i, cat_col in enumerate(CATEGORY_COLS):
            val = prog[cat_col]
            if pd.notna(val) and val > 0:
                c = ws.cell(row=row, column=7 + i, value=round(val))
                c.number_format = MONEY_FMT
                c.font = DATA_FONT
 
        flags = []
        if not prog["_has_cats"]:
            flags.append("No category breakdown reported")
        if prog["_backfilled"]:
            flags.append("Total backfilled from categories")
        if prog["_cat_exceeds"]:
            flags.append("Total aligned to category sum")
        if flags:
            ws.cell(row=row, column=16, value="; ".join(flags)).font = WARN_FONT
 
        for c in range(1, 17):
            ws.cell(row=row, column=c).border = THIN_BORDER
 
        if idx % 2 == 1:
            for c in range(1, 17):
                ws.cell(row=row, column=c).fill = ALT_FILL
 
        if prog["_cat_exceeds"] or (
            not prog["_has_cats"] and pd.notna(prog["_exp_total"]) and prog["_exp_total"] > 0
        ):
            for c in range(1, 17):
                ws.cell(row=row, column=c).fill = WARN_FILL
 
        row += 1
 
    ws.column_dimensions["A"].width = 40
    ws.column_dimensions["B"].width = 48
    ws.column_dimensions["C"].width = 20
    ws.column_dimensions["D"].width = 42
    ws.column_dimensions["E"].width = 16
    ws.column_dimensions["F"].width = 14
    for c in range(7, 16):
        ws.column_dimensions[get_column_letter(c)].width = 16
    ws.column_dimensions["P"].width = 36
 
    return ws
 
 
# ── COVERAGE NOTES SHEET ─────────────────────────────────────────────────────
def build_coverage_notes(wb, df):
    ws = wb.create_sheet("Coverage Notes")
 
    total_progs = len(df)
    has_cats = int(df["_has_cats"].sum())
    backfilled = int(df["_backfilled"].sum())
    cat_exceeds = int(df["_cat_exceeds"].sum())
    included = int((df["_has_cats"] | (df["_exp_total"] > 0)).sum())
    excluded_full = total_progs - included
    no_cats_with_total = int((~df["_has_cats"] & (df["_exp_total"] > 0)).sum())
 
    ws.cell(row=1, column=1, value="Expenditure Category Data Coverage & Quality").font = TITLE_FONT
 
    stats = [
        ("Total programs in FY25 file:", total_progs),
        ("Programs WITH category data:", has_cats),
        ("Programs with totals but NO category breakdown:", no_cats_with_total),
        ("Programs included in analysis (cats or total):", included),
        ("Programs fully excluded (no expenditure data):", excluded_full),
        ("Backfilled totals from category sum:", backfilled),
        ("Programs where category sum exceeded reported total:", cat_exceeds),
    ]
    for i, (label, val) in enumerate(stats):
        ws.cell(row=3 + i, column=1, value=label).font = DATA_FONT
        ws.cell(row=3 + i, column=2, value=val).font = TOTAL_FONT
 
    # Agency reporting gaps
    r = 11
    no_cat_progs = df[~df["_has_cats"] & (df["_exp_total"] > 0)].sort_values(
        "_exp_total", ascending=False
    )
    ws.cell(row=r, column=1,
            value=f"Agency Reporting Gaps: {len(no_cat_progs)} programs reported totals "
                  f"but no category breakdown").font = TOTAL_FONT
    r += 1
    ws.cell(row=r, column=1,
            value="These programs reported total expenditures but category-level data "
                  "were not available within the reporting timeline.").font = WARN_FONT
    ws.merge_cells(start_row=r, start_column=1, end_row=r, end_column=5)
    r += 1
    for c, h in enumerate(["Agency", "Program", "Total Exp", "", ""], 1):
        cell = ws.cell(row=r, column=c, value=h)
        cell.font = HEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
    r += 1
    for _, prog in no_cat_progs.iterrows():
        ws.cell(row=r, column=1, value=prog["_agency"]).font = DATA_FONT
        ws.cell(row=r, column=1).border = THIN_BORDER
        ws.cell(row=r, column=2, value=prog["_program"]).font = DATA_FONT
        ws.cell(row=r, column=2).border = THIN_BORDER
        c = ws.cell(row=r, column=3, value=round(prog["_exp_total"]))
        c.font = DATA_FONT
        c.number_format = MONEY_FMT
        c.border = THIN_BORDER
        r += 1
 
    # Partial category coverage
    r += 1
    partial = df[(df["_has_cats"]) & (df["_unallocated"].round(0) > 0)].sort_values(
        "_unallocated", ascending=False
    )
    if len(partial) > 0:
        ws.cell(row=r, column=1,
                value=f"Partial Category Coverage: {len(partial)} programs reported some "
                      f"categories but sum < total").font = TOTAL_FONT
        r += 1
        for c, h in enumerate(["Agency", "Program", "Total Exp", "Categorized", "Gap"], 1):
            cell = ws.cell(row=r, column=c, value=h)
            cell.font = HEADER_FONT
            cell.fill = HEADER_FILL
            cell.border = THIN_BORDER
        r += 1
        for _, prog in partial.iterrows():
            ws.cell(row=r, column=1, value=prog["_agency"]).font = DATA_FONT
            ws.cell(row=r, column=1).border = THIN_BORDER
            ws.cell(row=r, column=2, value=prog["_program"]).font = DATA_FONT
            ws.cell(row=r, column=2).border = THIN_BORDER
            ws.cell(row=r, column=3, value=round(prog["_exp_total"])).font = DATA_FONT
            ws.cell(row=r, column=3).number_format = MONEY_FMT
            ws.cell(row=r, column=3).border = THIN_BORDER
            ws.cell(row=r, column=4, value=round(prog["_cat_sum"])).font = DATA_FONT
            ws.cell(row=r, column=4).number_format = MONEY_FMT
            ws.cell(row=r, column=4).border = THIN_BORDER
            ws.cell(row=r, column=5, value=round(prog["_unallocated"])).font = DATA_FONT
            ws.cell(row=r, column=5).number_format = MONEY_FMT
            ws.cell(row=r, column=5).border = THIN_BORDER
            r += 1
 
    # Alignment-applied programs
    aligned = df[df["_cat_exceeds"]]
    if len(aligned) > 0:
        r += 1
        ws.cell(row=r, column=1,
                value=f"Alignment Applied: {len(aligned)} programs where category sum "
                      f"exceeded reported total (>0.1%)").font = TOTAL_FONT
        r += 1
        for c, h in enumerate(["Agency", "Program", "Reported Total", "Category Sum", "Action"], 1):
            cell = ws.cell(row=r, column=c, value=h)
            cell.font = HEADER_FONT
            cell.fill = HEADER_FILL
            cell.border = THIN_BORDER
        r += 1
        for _, prog in aligned.iterrows():
            ws.cell(row=r, column=1, value=prog["_agency"]).font = DATA_FONT
            ws.cell(row=r, column=1).border = THIN_BORDER
            ws.cell(row=r, column=2, value=prog["_program"]).font = DATA_FONT
            ws.cell(row=r, column=2).border = THIN_BORDER
            ws.cell(row=r, column=3, value=round(prog["_exp_total"])).font = DATA_FONT
            ws.cell(row=r, column=3).number_format = MONEY_FMT
            ws.cell(row=r, column=3).border = THIN_BORDER
            ws.cell(row=r, column=4, value=round(prog["_cat_sum"])).font = DATA_FONT
            ws.cell(row=r, column=4).number_format = MONEY_FMT
            ws.cell(row=r, column=4).border = THIN_BORDER
            ws.cell(row=r, column=5, value="Used category sum").font = DATA_FONT
            ws.cell(row=r, column=5).border = THIN_BORDER
            r += 1
 
    ws.column_dimensions["A"].width = 44
    ws.column_dimensions["B"].width = 52
    ws.column_dimensions["C"].width = 18
    ws.column_dimensions["D"].width = 18
    ws.column_dimensions["E"].width = 18
 
    return ws
 
 
# ── OVERALL SHEET ─────────────────────────────────────────────────────────────
def build_overall(wb, df):
    ws = wb.create_sheet("Overall")
    ws.sheet_view.showGridLines = False
    ws.cell(row=1, column=1,
            value="FY25 Expenditure by Category \u2014 Portfolio Summary").font = TITLE_FONT
    ws.merge_cells(start_row=1, start_column=1, end_row=1, end_column=N_COLS)
    ws.cell(row=2, column=1,
            value="Source: FY25_rebuilt.xlsx | Programs with expenditure data").font = SUBTITLE_FONT
 
    header_row = 4
    sub_row = 5
    col_headers = ["Portfolio", "N", "N w/cats", "Total Exp", "Unallocated"]
    for label in CATEGORY_LABELS:
        col_headers.extend([label, ""])
    for i, h in enumerate(col_headers):
        cell = ws.cell(row=header_row, column=1 + i, value=h)
        cell.font = HEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
        cell.alignment = Alignment(horizontal="center", wrap_text=True)
 
    for col_idx in [4, 5]:
        cell = ws.cell(row=sub_row, column=col_idx, value="($)")
        cell.font = SUBHEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
    for i in range(9):
        base_col = 6 + i * 2
        for offset, label in [(0, "($)"), (1, "(%)")]:
            cell = ws.cell(row=sub_row, column=base_col + offset, value=label)
            cell.font = SUBHEADER_FONT
            cell.fill = HEADER_FILL
            cell.border = THIN_BORDER
            cell.alignment = Alignment(horizontal="center")
 
    subset = df[df["_has_cats"] | (df["_exp_total"] > 0)]
    excl = subset[~subset["_is_tisa"]]
 
    # TISA-exclusive row first (primary view)
    _write_summary_row(ws, 6, "Excluding TISA", len(excl), int(excl["_has_cats"].sum()),
                       excl["_exp_total"].sum(), excl["_unallocated"].sum(),
                       [excl[cc].sum() for cc in CATEGORY_COLS], TISA_EXCL_FONT, TISA_EXCL_FILL)
 
    # All Programs row
    _write_summary_row(ws, 7, "All Programs (incl. TISA)", len(subset),
                       int(subset["_has_cats"].sum()),
                       subset["_exp_total"].sum(), subset["_unallocated"].sum(),
                       [subset[cc].sum() for cc in CATEGORY_COLS], DATA_FONT)
 
    # TOTAL row
    _write_summary_row(ws, 8, "TOTAL", len(subset), int(subset["_has_cats"].sum()),
                       subset["_exp_total"].sum(), subset["_unallocated"].sum(),
                       [subset[cc].sum() for cc in CATEGORY_COLS], TOTAL_FONT, TOTAL_FILL)
 
    # Context note
    tisa_total = subset[subset["_is_tisa"]]["_exp_total"].sum()
    tisa_pct = tisa_total / subset["_exp_total"].sum() * 100
    excl_allocated = sum(excl[cc].sum() for cc in CATEGORY_COLS)
    admin_excl = excl["Exp: Admin/Overhead"].sum()
    admin_pct = admin_excl / excl_allocated * 100 if excl_allocated > 0 else 0
    note = (
        f"Note: The first row excludes TISA (${tisa_total / 1e9:.1f}B, "
        f"{tisa_pct:.0f}% of portfolio), which is classified as 100% Direct Services. "
        f"Excluding TISA, Admin/Overhead is {admin_pct:.1f}% of categorized expenditure "
        f"\u2014 low relative to typical public-sector administrative cost ratios, likely "
        f"reflecting classification differences across agencies rather than unusually "
        f"low overhead."
    )
    ws.cell(row=10, column=1, value=note).font = WARN_FONT
    ws.merge_cells(start_row=10, start_column=1, end_row=10, end_column=N_COLS)
 
    ws.column_dimensions["A"].width = 22
    ws.column_dimensions["B"].width = 5
    ws.column_dimensions["C"].width = 8
    ws.column_dimensions["D"].width = 17
    ws.column_dimensions["E"].width = 15
    for i in range(9):
        ws.column_dimensions[get_column_letter(6 + i * 2)].width = 16
        ws.column_dimensions[get_column_letter(7 + i * 2)].width = 7
 
    return ws
 
 
A.5 Overall Sheet and Entry Point
The build_overall function produces the portfolio summary with both TISA-inclusive and TISA-exclusive rows. The main function orchestrates the full pipeline: load data → build six sheets → save workbook.
# ── OVERALL SHEET ─────────────────────────────────────────────────────────────
def build_overall(wb, df):
    ws = wb.create_sheet("Overall")
    ws.sheet_view.showGridLines = False
    ws.cell(row=1, column=1,
            value="FY25 Expenditure by Category \u2014 Portfolio Summary").font = TITLE_FONT
    ws.merge_cells(start_row=1, start_column=1, end_row=1, end_column=N_COLS)
    ws.cell(row=2, column=1,
            value="Source: FY25_rebuilt.xlsx | Programs with expenditure data").font = SUBTITLE_FONT
 
    header_row = 4
    sub_row = 5
    col_headers = ["Portfolio", "N", "N w/cats", "Total Exp", "Unallocated"]
    for label in CATEGORY_LABELS:
        col_headers.extend([label, ""])
    for i, h in enumerate(col_headers):
        cell = ws.cell(row=header_row, column=1 + i, value=h)
        cell.font = HEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
        cell.alignment = Alignment(horizontal="center", wrap_text=True)
 
    for col_idx in [4, 5]:
        cell = ws.cell(row=sub_row, column=col_idx, value="($)")
        cell.font = SUBHEADER_FONT
        cell.fill = HEADER_FILL
        cell.border = THIN_BORDER
    for i in range(9):
        base_col = 6 + i * 2
        for offset, label in [(0, "($)"), (1, "(%)")]:
            cell = ws.cell(row=sub_row, column=base_col + offset, value=label)
            cell.font = SUBHEADER_FONT
            cell.fill = HEADER_FILL
            cell.border = THIN_BORDER
            cell.alignment = Alignment(horizontal="center")
 
    subset = df[df["_has_cats"] | (df["_exp_total"] > 0)]
    excl = subset[~subset["_is_tisa"]]
 
    # TISA-exclusive row first (primary view)
    _write_summary_row(ws, 6, "Excluding TISA", len(excl), int(excl["_has_cats"].sum()),
                       excl["_exp_total"].sum(), excl["_unallocated"].sum(),
                       [excl[cc].sum() for cc in CATEGORY_COLS], TISA_EXCL_FONT, TISA_EXCL_FILL)
 
    # All Programs row
    _write_summary_row(ws, 7, "All Programs (incl. TISA)", len(subset),
                       int(subset["_has_cats"].sum()),
                       subset["_exp_total"].sum(), subset["_unallocated"].sum(),
                       [subset[cc].sum() for cc in CATEGORY_COLS], DATA_FONT)
 
    # TOTAL row
    _write_summary_row(ws, 8, "TOTAL", len(subset), int(subset["_has_cats"].sum()),
                       subset["_exp_total"].sum(), subset["_unallocated"].sum(),
                       [subset[cc].sum() for cc in CATEGORY_COLS], TOTAL_FONT, TOTAL_FILL)
 
    # Context note
    tisa_total = subset[subset["_is_tisa"]]["_exp_total"].sum()
    tisa_pct = tisa_total / subset["_exp_total"].sum() * 100
    excl_allocated = sum(excl[cc].sum() for cc in CATEGORY_COLS)
    admin_excl = excl["Exp: Admin/Overhead"].sum()
    admin_pct = admin_excl / excl_allocated * 100 if excl_allocated > 0 else 0
    note = (
        f"Note: The first row excludes TISA (${tisa_total / 1e9:.1f}B, "
        f"{tisa_pct:.0f}% of portfolio), which is classified as 100% Direct Services. "
        f"Excluding TISA, Admin/Overhead is {admin_pct:.1f}% of categorized expenditure "
        f"\u2014 low relative to typical public-sector administrative cost ratios, likely "
        f"reflecting classification differences across agencies rather than unusually "
        f"low overhead."
    )
    ws.cell(row=10, column=1, value=note).font = WARN_FONT
    ws.merge_cells(start_row=10, start_column=1, end_row=10, end_column=N_COLS)
 
    ws.column_dimensions["A"].width = 22
    ws.column_dimensions["B"].width = 5
    ws.column_dimensions["C"].width = 8
    ws.column_dimensions["D"].width = 17
    ws.column_dimensions["E"].width = 15
    for i in range(9):
        ws.column_dimensions[get_column_letter(6 + i * 2)].width = 16
        ws.column_dimensions[get_column_letter(7 + i * 2)].width = 7
 
    return ws
 
 
# ── MAIN ──────────────────────────────────────────────────────────────────────
def main():
    print(f"Loading {INPUT_PATH}...")
    df = load_data(INPUT_PATH)
    print(f"  {len(df)} total programs")
    print(f"  {df['_has_cats'].sum()} with category data")
    print(f"  {df['_backfilled'].sum()} backfilled from category sum")
    print(f"  {df['_cat_exceeds'].sum()} where cats > total (aligned)")
 
    wb = Workbook()
    wb.remove(wb.active)
 
    print("Building By Agency...")
    build_summary_sheet(wb, df, "By Agency",
                        "FY25 Expenditure by Category \u2014 By Agency", "_agency")
 
    print("Building By Outcome...")
    build_summary_sheet(wb, df, "By Outcome",
                        "FY25 Expenditure by Category \u2014 By TCCY Outcome", "_outcome")
 
    print("Building By Focus...")
    build_summary_sheet(wb, df, "By Focus",
                        "FY25 Expenditure by Category \u2014 By TCCY Focus", "_focus")
 
    print("Building Overall...")
    build_overall(wb, df)
 
    print("Building Program Detail...")
    build_program_detail(wb, df)
 
    print("Building Coverage Notes...")
    build_coverage_notes(wb, df)
 
    print(f"Saving {OUTPUT_PATH}...")
    wb.save(OUTPUT_PATH)
    print(f"Done. {len(wb.sheetnames)} sheets: {wb.sheetnames}")
 
 
if __name__ == "__main__":
    main()
 


PART B
Script B: Enhanced Statistical Companion
build_exp_category_enhanced.py — 709 lines. Produces the eight-sheet RM_FY25_Expenditure_by_Category_Enhanced.xlsx with bootstrap CIs, cluster bootstrap, influence diagnostics, sensitivity analysis, funding source views, cross-tabulations, and convergence diagnostics. TISA is excluded from all analyses.
B.1 Configuration and Data Loading
Mirrors Script A’s loading logic with the same three-tier total resolution, backfill, and alignment. Uses a fixed random seed (42) for all stochastic procedures. N_BOOT = 10,000 iterations for all bootstrap and Monte Carlo analyses.
"""
FY25 Resource Mapping - Expenditure Category Enhanced Analysis
===================================================================
TISA ALWAYS EXCLUDED. Statistical companion to build_expenditure_by_category.py.
 
Sheets produced:
  1. Bootstrap CI         — percentile bootstrap 95% CIs (program-level)
  2. Cluster Bootstrap    — agency-level cluster bootstrap 95% CIs
  3. Influence            — leave-one-out influence diagnostics
  4. Sensitivity          — PERT imputation + scenario bounds
  5. Funding Source View  — state/federal weighted + >80% single-source
  6. Source x Outcome     — funding source cross-tab by TCCY Outcome
  7. Source x Focus       — funding source cross-tab by TCCY Focus
  8. Convergence          — bootstrap running mean at checkpoints
 
Random seed: 42 (fixed for reproducibility)
"""
import pandas as pd, numpy as np
from openpyxl import Workbook
from openpyxl.styles import Font, PatternFill, Alignment, Border, Side
from openpyxl.utils import get_column_letter
import warnings; warnings.filterwarnings("ignore")
 
# ── CONFIG ────────────────────────────────────────────────────────────────────
INPUT_PATH = “path to clean FY25 data set”
OUTPUT_PATH = “path to where you want to save it”
 
CATEGORY_COLS = [
    "Exp: Direct Services", "Exp: Contract/Third Party", "Exp: Payroll/Personnel",
    "Exp: Equipment", "Exp: Training & Development", "Exp: Evaluation & Quality",
    "Exp: Outreach & Engagement", "Exp: Admin/Overhead", "Exp: Other",
]
CAT_LABELS = [
    "Direct Services", "Contract/Third Party", "Payroll/Personnel", "Equipment",
    "Training & Dev", "Evaluation & QA", "Outreach & Engagement", "Admin/Overhead", "Other",
]
NC = len(CATEGORY_COLS)
N_BOOT = 10000
PERT_LAMBDA = 4
BEP = "TISA"
SEED = 42
RNG = np.random.default_rng(SEED)
CKP = [500, 1000, 2000, 5000, 10000]
 
# ── STYLES ────────────────────────────────────────────────────────────────────
NAVY = "1E4E79"
LBG = "EAF4F7"
GRN = "E8F5E9"
HF = Font(name="Arial", bold=True, color="FFFFFF", size=10)
HFL = PatternFill(start_color=NAVY, end_color=NAVY, fill_type="solid")
TF = Font(name="Arial", bold=True, size=13, color=NAVY)
SF = Font(name="Arial", italic=True, size=9, color="666666")
DF = Font(name="Arial", size=10)
BF = Font(name="Arial", bold=True, size=10, color=NAVY)
NF = Font(name="Arial", italic=True, size=9, color="856404")
BD = Border(
    left=Side(style="thin", color="CCCCCC"), right=Side(style="thin", color="CCCCCC"),
    top=Side(style="thin", color="CCCCCC"), bottom=Side(style="thin", color="CCCCCC"),
)
AL = PatternFill(start_color=LBG, end_color=LBG, fill_type="solid")
GR = PatternFill(start_color=GRN, end_color=GRN, fill_type="solid")
P = "0.0%"
P3 = "0.000%"
M = "$#,##0"
 
 
# ── DATA LOADING ──────────────────────────────────────────────────────────────
def to_num(v):
    if pd.isna(v):
        return np.nan
    try:
        return float(str(v).replace(",", "").replace("$", ""))
    except (ValueError, TypeError):
        return np.nan
 
 
def load(path):
    df = pd.read_excel(path)
 
    for c in CATEGORY_COLS:
        df[c] = df[c].apply(to_num) if c in df.columns else np.nan
    df["_cs"] = df[CATEGORY_COLS].sum(axis=1, skipna=True)
 
    tc = next((c for c in ["Total", "Exp: Total", "Total Funding"] if c in df.columns), None)
    df["_t"] = df[tc].apply(to_num) if tc else np.nan
 
    # Backfill and alignment
    m1 = (df["_t"].isna() | (df["_t"] == 0)) & (df["_cs"] > 0)
    df.loc[m1, "_t"] = df.loc[m1, "_cs"]
    m2 = (df["_cs"] > 0) & (df["_t"] > 0) & (df["_cs"] > df["_t"] * 1.001)
    df.loc[m2, "_t"] = df.loc[m2, "_cs"]
    df["_hc"] = df["_cs"] > 0
 
    # Column identification — prefer TCCY-prefixed columns
    ac = next((c for c in df.columns if "agency" in c.lower()), None)
    pc = next((c for c in df.columns if "program" in c.lower()
               and "focus" not in c.lower() and "service" not in c.lower()), None)
 
    # Outcome: prefer "TCCY Outcome", then "Primary Outcome", then any "outcome"
    oc = next((c for c in df.columns if "outcome" in c.lower() and "tccy" in c.lower()), None)
    if oc is None:
        oc = next((c for c in df.columns if c.lower().strip() == "primary outcome"), None)
    if oc is None:
        oc = next((c for c in df.columns if "outcome" in c.lower()
                   and "data" not in c.lower() and "quality" not in c.lower()
                   and "intended" not in c.lower()), None)
 
    # Focus: prefer "TCCY Focus" or "Programmatic Focus"
    fc = next((c for c in df.columns if "focus" in c.lower() and "tccy" in c.lower()), None)
    if fc is None:
        fc = next((c for c in df.columns if "focus" in c.lower() and "program" in c.lower()), None)
    if fc is None:
        fc = next((c for c in df.columns if "focus" in c.lower()), None)
 
    df["_ag"] = df[ac].astype(str).str.strip() if ac else "Unknown"
    df["_pr"] = df[pc].astype(str).str.strip() if pc else "Unknown"
    df["_oc"] = df[oc].astype(str).str.strip() if oc else "Unknown"
    df["_foc"] = df[fc].astype(str).str.strip() if fc else "Unknown"
 
    # Normalize outcome variant
    df.loc[df["_oc"] == "Supported and Nurtured", "_oc"] = "Nurtured and Supported"
 
    df["_bep"] = df["_pr"].str.contains(BEP, case=False, na=False)
    df["_fed"] = df["Federal"].apply(to_num) if "Federal" in df.columns else np.nan
    df["_st"] = df["State"].apply(to_num) if "State" in df.columns else np.nan
 
    print(f"  Outcome column: {oc}")
    print(f"  Focus column: {fc}")
 
    # ALWAYS exclude TISA
    return df[~df["_bep"]].copy()
 
 
B.2 Bootstrap Confidence Intervals
Two bootstrap procedures quantify uncertainty in portfolio-level category shares. The program-level bootstrap (exp_boot) draws N programs with replacement from the categorized pool, computes dollar-weighted category shares for each iteration, and reports 95% percentile CIs. The agency cluster bootstrap (cl_boot) resamples agencies instead of programs—when an agency is drawn, all its programs enter the sample. This captures within-agency classification correlation and produces wider, more conservative CIs.
📎 Methods Reference: See Methodology §10.1 (Percentile Bootstrap) and §10.2 (Agency Cluster Bootstrap). The cluster approach follows Cameron, Gelbach, and Miller (2008).
# ── STATISTICAL FUNCTIONS ─────────────────────────────────────────────────────
def sh(v2d):
    """Dollar-weighted category shares from (n, 9) array."""
    s = v2d.sum(axis=0)
    t = s.sum()
    return s / t if t > 0 else np.zeros(NC)
 
 
def exp_boot(cp, n_iter=N_BOOT):
    """Percentile bootstrap: equal-probability program resampling, dollar-weighted aggregation."""
    n = len(cp)
    if n < 3:
        return None
    v = cp[CATEGORY_COLS].fillna(0).values
    pe = sh(v)
    boot = np.zeros((n_iter, NC))
    run = {}
    for b in range(n_iter):
        idx = RNG.choice(n, size=n, replace=True)
        boot[b] = sh(v[idx])
        if (b + 1) in CKP:
            run[b + 1] = boot[:b + 1].mean(axis=0).copy()
    res = {lab: {"point": pe[i], "ci_lo": np.percentile(boot[:, i], 2.5),
                 "ci_hi": np.percentile(boot[:, i], 97.5), "se": np.std(boot[:, i])}
           for i, lab in enumerate(CAT_LABELS)}
    return res, run
 
 
def cl_boot(cp, n_iter=N_BOOT):
    """Agency-level cluster bootstrap."""
    ags = cp["_ag"].unique()
    na = len(ags)
    if na < 3:
        return None
    grp = {a: cp[cp["_ag"] == a][CATEGORY_COLS].fillna(0).values for a in ags}
    pe = sh(cp[CATEGORY_COLS].fillna(0).values)
    boot = np.zeros((n_iter, NC))
    for b in range(n_iter):
        dr = RNG.choice(ags, size=na, replace=True)
        boot[b] = sh(np.vstack([grp[a] for a in dr]))
    return {lab: {"point": pe[i], "ci_lo": np.percentile(boot[:, i], 2.5),
                  "ci_hi": np.percentile(boot[:, i], 97.5), "se": np.std(boot[:, i])}
            for i, lab in enumerate(CAT_LABELS)}
 
 
def loo(cp, top_n=15):
    """Leave-one-out influence diagnostics."""
    full = sh(cp[CATEGORY_COLS].fillna(0).values)
    v = cp[CATEGORY_COLS].fillna(0).values
    n = len(cp)
    ms = np.zeros(n)
    sc = [""] * n
    ds = np.zeros(n)
    for j in range(n):
        l = sh(np.delete(v, j, axis=0))
        d = np.abs(l - full)
        ms[j] = d.max()
        sc[j] = CAT_LABELS[d.argmax()]
        ds[j] = l[0] - full[0]
    r = cp[["_ag", "_pr", "_t"]].copy()
    r["ms"] = ms
    r["sc"] = sc
    r["ds"] = ds
    return r.nlargest(top_n, "ms")
 
B.3 Influence Diagnostics and Sensitivity Analysis
The leave-one-out function (loo) removes each of 241 programs individually and records the maximum category share shift, identifying the most influential programs. ESSA Title I ($295M) is the top influencer at 3.7pp.
The sensitivity analysis (sens) addresses the $2.31B reporting gap using two complementary approaches. PERT imputation draws plausible category compositions from outcome-domain-specific PERT distributions (parameterized by 5th/50th/95th percentiles of categorized programs in the same domain, λ=4), scales to the program’s reported total, and recomputes portfolio shares across 10,000 iterations. Scenario bounds test four extreme cases: 100% Direct Services, portfolio mean, custodial care prior (60% Payroll, 25% DS, 10% Admin, 5% Contract), and 100% Contract. Direct Services ranges from 55% to 81% across all scenarios, confirming the core finding is robust.
📎 Methods Reference: See Methodology §10.3 (Influence Diagnostics) and §10.4 (Sensitivity Analysis) for the PERT parameterization, custodial care prior source (Courtney & Dworsky, 2006), and scenario bound interpretation.
 
def pert(lo, mo, hi, sz=1):
    """PERT distribution."""
    if hi <= lo:
        return np.full(sz, mo)
    a = 1 + PERT_LAMBDA * (mo - lo) / (hi - lo)
    b = 1 + PERT_LAMBDA * (hi - mo) / (hi - lo)
    return lo + RNG.beta(a, b, sz) * (hi - lo)
 
 
def sens(df, n_iter=N_BOOT):
    """Sensitivity analysis with PERT imputation + scenario bounds."""
    ct = df[df["_hc"]].copy()
    uc = df[~df["_hc"] & (df["_t"] > 0)].copy()
    if len(uc) == 0:
        return None, None
 
    # Dollar-weighted PERT params per outcome
    par = {}
    for o in df["_oc"].unique():
        oc = ct[ct["_oc"] == o]
        if len(oc) < 3:
            oc = ct
        wts = oc["_cs"].values
        wt = wts.sum()
        if wt == 0:
            wt = 1
        s = oc[CATEGORY_COLS].div(oc["_cs"], axis=0).fillna(0)
        params = {}
        for c in CATEGORY_COLS:
            v = s[c].values
            si = np.argsort(v)
            sv = v[si]
            sw = wts[si]
            cw = np.cumsum(sw) / wt
            lo_v = sv[np.searchsorted(cw, 0.05).clip(0, len(v) - 1)]
            hi_v = sv[np.searchsorted(cw, 0.95).clip(0, len(v) - 1)]
            mo_v = sv[np.searchsorted(cw, 0.50).clip(0, len(v) - 1)]
            params[c] = (max(0, lo_v), mo_v, min(1, hi_v))
        par[o] = params
 
    base = ct[CATEGORY_COLS].sum().values
    ut = uc["_t"].values
    uo = uc["_oc"].values
    nu = len(uc)
 
    sims = np.zeros((n_iter, NC))
    for b in range(n_iter):
        imp = np.zeros(NC)
        for j in range(nu):
            pp = par.get(uo[j], list(par.values())[0])
            raw = np.array([pert(pp[c][0], pp[c][1], pp[c][2])[0] for c in CATEGORY_COLS])
            if raw.sum() > 0:
                raw /= raw.sum()
            imp += raw * ut[j]
        c2 = base + imp
        t2 = c2.sum()
        sims[b] = c2 / t2 if t2 > 0 else 0
 
    obs = base / base.sum() if base.sum() > 0 else np.zeros(NC)
    mc = {lab: {"obs": obs[i], "mean": np.mean(sims[:, i]),
                "p5": np.percentile(sims[:, i], 5), "p50": np.percentile(sims[:, i], 50),
                "p95": np.percentile(sims[:, i], 95)}
          for i, lab in enumerate(CAT_LABELS)}
 
    # Scenario bounds
    uts = ut.sum()
    scen = {}
    a = np.zeros(NC); a[0] = uts
    scen["100% Direct Svcs"] = (base + a) / (base + a).sum()
    scen["Portfolio Mean"] = obs.copy()
    c = np.zeros(NC); c[0] = .25 * uts; c[1] = .05 * uts; c[2] = .60 * uts; c[7] = .10 * uts
    scen["Custodial Care Prior"] = (base + c) / (base + c).sum()
    d = np.zeros(NC); d[1] = uts
    scen["100% Contract"] = (base + d) / (base + d).sum()
 
    return mc, scen
 
 
def fview(df):
    """Funding source view — portfolio, weighted, and >80% single-source."""
    ct = df[df["_hc"]].copy()
    res = {}
 
    a = ct[CATEGORY_COLS].sum()
    t = a.sum()
    res["All Sources"] = {"n": len(ct), "tot": ct["_t"].sum(),
                          "sh": (a / t).values if t > 0 else np.zeros(NC)}
 
    for sl, sc in [("State-Weighted", "_st"), ("Federal-Weighted", "_fed")]:
        sd = ct[ct[sc].notna() & (ct[sc] > 0)].copy()
        if len(sd) == 0:
            continue
        sd["_w"] = (sd[sc] / sd["_t"]).clip(0, 1)
        wc = np.array([(sd[c].fillna(0) * sd["_w"]).sum() for c in CATEGORY_COLS])
        t2 = wc.sum()
        res[sl] = {"n": len(sd), "tot": sd[sc].sum(),
                   "sh": wc / t2 if t2 > 0 else np.zeros(NC)}
 
    for sl, sc in [("State >80%", "_st"), ("Federal >80%", "_fed")]:
        sd = ct[ct[sc].notna() & (ct[sc] > 0)].copy()
        if len(sd) == 0:
            continue
        sd["_p"] = sd[sc] / sd["_t"]
        ss = sd[sd["_p"] >= 0.80]
        if len(ss) < 3:
            continue
        a2 = ss[CATEGORY_COLS].sum()
        t2 = a2.sum()
        res[sl] = {"n": len(ss), "tot": ss[sc].sum(),
                   "sh": (a2 / t2).values if t2 > 0 else np.zeros(NC)}
 
    # Mixed funding: programs where state share is 40-60%
    sd = ct[ct["_st"].notna() & (ct["_st"] > 0)].copy()
    if len(sd) > 0:
        sd["_p"] = sd["_st"] / sd["_t"]
        mx = sd[(sd["_p"] >= 0.36) & (sd["_p"] <= 0.65)]
        if len(mx) >= 2:
            a3 = mx[CATEGORY_COLS].sum()
            t3 = a3.sum()
            res["Mixed (35-65% State)"] = {"n": len(mx), "tot": mx["_t"].sum(),
                                           "sh": (a3 / t3).values if t3 > 0 else np.zeros(NC)}
 
    return res
 
 
B.4 Funding Source Analysis and Cross-Tabulations
The funding source view (fview) compares category composition across State-dominant (>80% state), Mixed (40–65% state), and Federal-dominant (>80% federal) programs. Both weighted (within-program fungibility assumption) and direct (unweighted) compositions are computed. The cross-tabulation function (build_cross_sheet) produces Source × Outcome and Source × Focus matrices, showing category composition within each domain-by-source cell. Groups with fewer than 3 programs are omitted.
📎 Methods Reference: See Methodology §4.3 (Funding Source Analysis), §10.5 (Funding Source View), and §10.6 (Cross-Tabulations).
# ── CROSS-TAB: FUNDING SOURCE × GROUP ────────────────────────────────────────
def build_cross_sheet(wb, df, group_col, group_label, sheet_name):
    """Category composition by group x funding source (>80% single-source)."""
    ws = wb.create_sheet(sheet_name)
    ws.sheet_view.showGridLines = False
 
    ws.cell(row=1, column=1,
            value=f"Category Composition by {group_label} \u00d7 Funding Source (TISA excl.)").font = TF
    ws.merge_cells(f"A1:{get_column_letter(5 + NC)}1")
    ws.cell(row=2, column=1,
            value="Programs >80% single-source | Direct (unweighted) composition").font = SF
    ws.merge_cells(f"A2:{get_column_letter(5 + NC)}2")
 
    df["_st_pct"] = df["_st"] / df["_t"]
    df["_fed_pct"] = df["_fed"] / df["_t"]
 
    headers = [group_label, "Source", "N", "Total $", "Categorized $"] + CAT_LABELS
    hdr(ws, 4, headers)
 
    df = df.copy()  # avoid modifying caller's DataFrame
    groups = sorted([g for g in df[group_col].dropna().unique() if str(g).lower() != "nan"])
    r = 5
 
    for grp in groups:
        gd = df[df[group_col] == grp]
        if len(gd) < 3:
            continue
 
        # All sources row
        a = gd[CATEGORY_COLS].fillna(0).sum()
        t = a.sum()
        s = (a / t).values if t > 0 else np.zeros(NC)
        ws.cell(row=r, column=1, value=grp).font = BF
        ws.cell(row=r, column=2, value="All").font = DF
        ws.cell(row=r, column=3, value=len(gd)).font = DF
        c4 = ws.cell(row=r, column=4, value=round(gd["_t"].sum()))
        c4.font = DF; c4.number_format = M
        c5 = ws.cell(row=r, column=5, value=round(t))
        c5.font = DF; c5.number_format = M
        for i, v in enumerate(s):
            ws.cell(row=r, column=6 + i, value=v).font = DF
            ws.cell(row=r, column=6 + i).number_format = P
        for c in range(1, 6 + NC):
            ws.cell(row=r, column=c).border = BD
        r += 1
 
        # State >80% and Federal >80%
        for sl, pct_col, fill in [("State >80%", "_st_pct", GR), ("Federal >80%", "_fed_pct", AL)]:
            src_col = "_st" if "State" in sl else "_fed"
            sub = gd[gd[pct_col] >= 0.80]
            if len(sub) < 3:
                continue
            a2 = sub[CATEGORY_COLS].fillna(0).sum()
            t2 = a2.sum()
            s2 = (a2 / t2).values if t2 > 0 else np.zeros(NC)
            ws.cell(row=r, column=2, value=sl).font = DF
            ws.cell(row=r, column=3, value=len(sub)).font = DF
            c4 = ws.cell(row=r, column=4, value=round(sub[src_col].sum()))
            c4.font = DF; c4.number_format = M
            c5 = ws.cell(row=r, column=5, value=round(t2))
            c5.font = DF; c5.number_format = M
            for i, v in enumerate(s2):
                ws.cell(row=r, column=6 + i, value=v).font = DF
                ws.cell(row=r, column=6 + i).number_format = P
            for c in range(1, 6 + NC):
                ws.cell(row=r, column=c).border = BD
                ws.cell(row=r, column=c).fill = fill
            r += 1
 
        r += 1  # spacer between groups
 
    r += 1
    note = (
        "Each group shows: All = full composition; State >80% = programs where state funds "
        "comprise >80% of total (direct, unweighted composition); Federal >80% = programs where "
        "federal funds comprise >80%. Groups with <3 programs in a source category are omitted. "
        "Green rows = state-predominant, blue rows = federal-predominant."
    )
    ws.cell(row=r, column=1, value=note).font = NF
    ws.merge_cells(f"A{r}:{get_column_letter(5 + NC)}{r}")
 
    ws.column_dimensions["A"].width = 32
    ws.column_dimensions["B"].width = 14
    ws.column_dimensions["C"].width = 6
    ws.column_dimensions["D"].width = 16
    ws.column_dimensions["E"].width = 16
    for i in range(NC):
        ws.column_dimensions[get_column_letter(6 + i)].width = 13
 
    return ws
 
 
# ── WORKBOOK HELPERS ──────────────────────────────────────────────────────────
def hdr(ws, r, hs):
    for c, h in enumerate(hs, 1):
        cl = ws.cell(row=r, column=c, value=h)
        cl.font = HF; cl.fill = HFL; cl.border = BD
        cl.alignment = Alignment(horizontal="center", wrap_text=True)
 
 
def wci(ws, r, label, res):
    ws.cell(row=r, column=1, value=label).font = BF
    r += 1
    hdr(ws, r, ["Category", "Point Est", "CI Lower", "CI Upper", "Std Error", "CI Width"])
    r += 1
    if res is None:
        ws.cell(row=r, column=1, value="Insufficient data").font = NF
        return r + 2
    for i, lab in enumerate(CAT_LABELS):
        d = res[lab]
        ws.cell(row=r, column=1, value=lab).font = DF
        for j, k in enumerate(["point", "ci_lo", "ci_hi", "se"]):
            ws.cell(row=r, column=2 + j, value=d[k]).font = DF
            ws.cell(row=r, column=2 + j).number_format = P
        ws.cell(row=r, column=6, value=d["ci_hi"] - d["ci_lo"]).font = DF
        ws.cell(row=r, column=6).number_format = P
        for c in range(1, 7):
            ws.cell(row=r, column=c).border = BD
        if i % 2 == 1:
            for c in range(1, 7):
                ws.cell(row=r, column=c).fill = AL
        r += 1
    return r + 1
 
 
B.5 Workbook Assembly and Entry Point
The main function builds all eight sheets: Portfolio CIs, Outcome CIs, Influence, Sensitivity, Funding Source, Source × Outcome, Source × Focus, and Convergence. The convergence sheet confirms all estimates stabilize within 0.1pp between 5,000 and 10,000 iterations.
📎 Methods Reference: See Methodology §10.7 (Convergence Diagnostics) citing Hesterberg (2015) on bootstrap sample size adequacy.
# ── MAIN ──────────────────────────────────────────────────────────────────────
def main():
    print(f"Loading {INPUT_PATH}...")
    df = load(INPUT_PATH)
    ct = df[df["_hc"]].copy()
    print(f"  {len(df)} programs (TISA excl), {len(ct)} with categories")
 
    wb = Workbook()
    wb.remove(wb.active)
 
    # Sheet 1: Percentile bootstrap
    print("Percentile bootstrap...")
    ws1 = wb.create_sheet("Bootstrap CI")
    ws1.sheet_view.showGridLines = False
    ws1.cell(row=1, column=1,
             value="Percentile Bootstrap 95% CI (TISA excl.)").font = TF
    ws1.merge_cells("A1:F1")
    ws1.cell(row=2, column=1,
             value=f"Seed={SEED}, {N_BOOT:,} iter, equal-probability resampling, "
                   f"dollar-weighted aggregation").font = SF
    ws1.merge_cells("A2:F2")
    r = 4
    pr, prn = exp_boot(ct)
    r = wci(ws1, r, "Portfolio", pr)
    for oc in ["Educated", "Healthy", "Nurtured and Supported", "Safe"]:
        sub = ct[ct["_oc"] == oc]
        rb = exp_boot(sub)
        r = wci(ws1, r, f"Outcome: {oc}", rb[0] if rb else None)
    ws1.cell(row=r, column=1,
             value=f"Percentile bootstrap, equal-probability resampling, dollar-weighted "
                   f"aggregation. TISA excluded throughout. Per-outcome CIs reflect "
                   f"TISA-excluded composition. Because the report also excludes TISA, these "
                   f"CIs correspond directly to the report figures. {N_BOOT:,} iterations, seed={SEED}. "
                   f"CIs = 2.5th/97.5th percentiles.").font = NF
    ws1.merge_cells(f"A{r}:F{r}")
    ws1.column_dimensions["A"].width = 26
    for c in "BCDEF":
        ws1.column_dimensions[c].width = 14
 
    # Sheet 2: Cluster bootstrap
    print("Cluster bootstrap...")
    ws2 = wb.create_sheet("Cluster Bootstrap")
    ws2.sheet_view.showGridLines = False
    ws2.cell(row=1, column=1,
             value="Agency-Level Cluster Bootstrap 95% CI (TISA excl.)").font = TF
    ws2.merge_cells("A1:F1")
    ws2.cell(row=2, column=1,
             value=f"Resamples agencies (not programs) | Seed={SEED}").font = SF
    ws2.merge_cells("A2:F2")
    r = 4
    cr = cl_boot(ct)
    r = wci(ws2, r, "Portfolio", cr)
    ws2.cell(row=r, column=1,
             value="Agency cluster bootstrap. Draws agencies with replacement, includes "
                   "all programs per agency. Captures within-agency classification "
                   "correlation.").font = NF
    ws2.merge_cells(f"A{r}:F{r}")
    ws2.column_dimensions["A"].width = 26
    for c in "BCDEF":
        ws2.column_dimensions[c].width = 14
 
    # Sheet 3: Influence
    print("Influence...")
    ws3 = wb.create_sheet("Influence")
    ws3.sheet_view.showGridLines = False
    ws3.cell(row=1, column=1,
             value="Leave-One-Out Influence on Portfolio Composition (TISA excl.)").font = TF
    ws3.merge_cells("A1:F1")
    inf = loo(ct)
    hdr(ws3, 3, ["Agency", "Program", "Total Exp", "Max Cat Shift",
                  "Shifted Category", "DS Shift"])
    r = 4
    for _, rd in inf.iterrows():
        ws3.cell(row=r, column=1, value=rd["_ag"]).font = DF
        ws3.cell(row=r, column=2, value=rd["_pr"]).font = DF
        c3 = ws3.cell(row=r, column=3,
                       value=round(rd["_t"]) if pd.notna(rd["_t"]) else None)
        c3.font = DF; c3.number_format = M
        ws3.cell(row=r, column=4, value=rd["ms"]).font = DF
        ws3.cell(row=r, column=4).number_format = P
        ws3.cell(row=r, column=5, value=rd["sc"]).font = DF
        ws3.cell(row=r, column=6, value=rd["ds"]).font = DF
        ws3.cell(row=r, column=6).number_format = P3
        for c in range(1, 7):
            ws3.cell(row=r, column=c).border = BD
        if r % 2 == 0:
            for c in range(1, 7):
                ws3.cell(row=r, column=c).fill = AL
        r += 1
    r += 1
    ws3.cell(row=r, column=1,
             value="Max Cat Shift = largest change in any category when program removed. "
                   "DS Shift = change in Direct Services (positive = DS rises when "
                   "removed).").font = NF
    ws3.merge_cells(f"A{r}:F{r}")
    ws3.column_dimensions["A"].width = 38
    ws3.column_dimensions["B"].width = 44
    ws3.column_dimensions["C"].width = 16
    ws3.column_dimensions["D"].width = 16
    ws3.column_dimensions["E"].width = 22
    ws3.column_dimensions["F"].width = 14
 
    # Sheet 4: Sensitivity
    print("Sensitivity...")
    ws4 = wb.create_sheet("Sensitivity")
    ws4.sheet_view.showGridLines = False
    ws4.cell(row=1, column=1,
             value="Sensitivity - Impact of Uncategorized Programs (TISA excl.)").font = TF
    ws4.merge_cells("A1:H1")
    ws4.cell(row=2, column=1,
             value=f"Dollar-weighted PERT ({N_BOOT:,} iter) + scenario bounds | "
                   f"Seed={SEED}").font = SF
    ws4.merge_cells("A2:H2")
    mc, scen = sens(df)
    r = 4
    if mc:
        ws4.cell(row=r, column=1, value="Monte Carlo Imputation (PERT)").font = BF
        r += 1
        hdr(ws4, r, ["Category", "Observed", "Imputed Mean", "5th Pctile",
                      "Median", "95th Pctile", "Shift", ""])
        r += 1
        for i, lab in enumerate(CAT_LABELS):
            d = mc[lab]
            ws4.cell(row=r, column=1, value=lab).font = DF
            for j, k in enumerate(["obs", "mean", "p5", "p50", "p95"]):
                ws4.cell(row=r, column=2 + j, value=d[k]).font = DF
                ws4.cell(row=r, column=2 + j).number_format = P
            ws4.cell(row=r, column=7, value=d["mean"] - d["obs"]).font = DF
            ws4.cell(row=r, column=7).number_format = P3
            for c in range(1, 8):
                ws4.cell(row=r, column=c).border = BD
            if i % 2 == 1:
                for c in range(1, 8):
                    ws4.cell(row=r, column=c).fill = AL
            r += 1
        r += 1
 
        ws4.cell(row=r, column=1, value="Scenario Bounds").font = BF
        r += 1
        sn = list(scen.keys())
        hdr(ws4, r, ["Category", "Observed"] + sn)
        r += 1
        obs = np.array([mc[l]["obs"] for l in CAT_LABELS])
        for i, lab in enumerate(CAT_LABELS):
            ws4.cell(row=r, column=1, value=lab).font = DF
            ws4.cell(row=r, column=2, value=obs[i]).font = DF
            ws4.cell(row=r, column=2).number_format = P
            for j, s in enumerate(sn):
                ws4.cell(row=r, column=3 + j, value=scen[s][i]).font = DF
                ws4.cell(row=r, column=3 + j).number_format = P
            for c in range(1, 3 + len(sn)):
                ws4.cell(row=r, column=c).border = BD
            if i % 2 == 1:
                for c in range(1, 3 + len(sn)):
                    ws4.cell(row=r, column=c).fill = AL
            r += 1
        r += 1
        ws4.cell(row=r, column=1,
                 value=f"MC: PERT(lam={PERT_LAMBDA}), dollar-weighted params from "
                       f"same-outcome programs. The narrow MC interval reflects the "
                       f"assumption that uncategorized programs resemble categorized peers "
                       f"in the same domain; scenario bounds relax this assumption and show "
                       f"the full range. Scenarios: 100% DS/Contract = extremes; Portfolio "
                       f"Mean = categorized distribution; Custodial Care = structural prior "
                       f"(60%PP/25%DS/10%Admin/5%CT). Seed={SEED}.").font = NF
        ws4.merge_cells(f"A{r}:H{r}")
    ws4.column_dimensions["A"].width = 26
    for c in "BCDEFGH":
        ws4.column_dimensions[c].width = 16
 
    # Sheet 5: Funding Source View
    print("Funding source view...")
    ws5 = wb.create_sheet("Funding Source View")
    ws5.sheet_view.showGridLines = False
    ws5.cell(row=1, column=1,
             value="Category Composition by Funding Source (TISA excl.)").font = TF
    ws5.merge_cells("A1:L1")
    fv = fview(df)
    hdr(ws5, 3, ["View", "N", "Total $"] + CAT_LABELS)
    r = 4
    for lbl in ["All Sources", "State-Weighted", "Federal-Weighted",
                 "State >80%", "Mixed (35-65% State)", "Federal >80%"]:
        if lbl not in fv:
            continue
        d = fv[lbl]
        ws5.cell(row=r, column=1, value=lbl).font = BF if "All" in lbl else DF
        ws5.cell(row=r, column=2, value=d["n"]).font = DF
        c3 = ws5.cell(row=r, column=3, value=round(d["tot"]))
        c3.font = DF; c3.number_format = M
        for i, s in enumerate(d["sh"]):
            ws5.cell(row=r, column=4 + i, value=s).font = DF
            ws5.cell(row=r, column=4 + i).number_format = P
        for c in range(1, 13):
            ws5.cell(row=r, column=c).border = BD
        if r % 2 == 0:
            for c in range(1, 13):
                ws5.cell(row=r, column=c).fill = AL
        r += 1
    r += 1
    ws5.cell(row=r, column=1,
             value="Weighted views assume within-program fungibility (category mix same "
                   "across funding sources within a program). >80% views restrict to "
                   "predominantly single-source programs for a direct (unweighted) "
                   "composition. State >80% programs are predominantly grant-making and "
                   "capacity-building (DOE, DMHSAS) that deliver via contracts/personnel, "
                   "explaining the low DS share. Federal >80% includes benefit programs "
                   "(SNAP, TennCare) classified as DS.").font = NF
    ws5.merge_cells(f"A{r}:L{r}")
    ws5.column_dimensions["A"].width = 20
    ws5.column_dimensions["B"].width = 6
    ws5.column_dimensions["C"].width = 18
    for i in range(NC):
        ws5.column_dimensions[get_column_letter(4 + i)].width = 14
 
    # Sheet 6: Source x Outcome
    print("Source x Outcome...")
    build_cross_sheet(wb, ct, "_oc", "Outcome", "Source x Outcome")
 
    # Sheet 7: Source x Focus
    print("Source x Focus...")
    build_cross_sheet(wb, ct, "_foc", "Focus", "Source x Focus")
 
    # Sheet 8: Convergence
    print("Convergence...")
    ws6 = wb.create_sheet("Convergence")
    ws6.sheet_view.showGridLines = False
    ws6.cell(row=1, column=1, value="Bootstrap Convergence Diagnostics").font = TF
    ws6.merge_cells(f"A1:{get_column_letter(2 + len(CKP))}1")
    if prn:
        hdr(ws6, 3, ["Category"] + [f"n={c:,}" for c in CKP] + ["Delta (last 2)"])
        r = 4
        for i, lab in enumerate(CAT_LABELS):
            ws6.cell(row=r, column=1, value=lab).font = DF
            for j, cp in enumerate(CKP):
                if cp in prn:
                    ws6.cell(row=r, column=2 + j, value=prn[cp][i]).font = DF
                    ws6.cell(row=r, column=2 + j).number_format = P
            if len(CKP) >= 2 and CKP[-2] in prn and CKP[-1] in prn:
                d = abs(prn[CKP[-1]][i] - prn[CKP[-2]][i])
                ws6.cell(row=r, column=2 + len(CKP), value=d).font = DF
                ws6.cell(row=r, column=2 + len(CKP)).number_format = P3
            for c in range(1, 3 + len(CKP)):
                ws6.cell(row=r, column=c).border = BD
            if i % 2 == 1:
                for c in range(1, 3 + len(CKP)):
                    ws6.cell(row=r, column=c).fill = AL
            r += 1
        r += 1
        ws6.cell(row=r, column=1,
                 value="If Delta exceeds 0.1% for any category, increase N_BOOT.").font = NF
    ws6.column_dimensions["A"].width = 26
    for j in range(len(CKP) + 1):
        ws6.column_dimensions[get_column_letter(2 + j)].width = 14
 
    print(f"Saving {OUTPUT_PATH}...")
    wb.save(OUTPUT_PATH)
    print(f"Done. {len(wb.sheetnames)} sheets: {wb.sheetnames}")
 
 
if __name__ == "__main__":
 


PART C
Script C: Chart Generation
build_exp_category_charts.py — 372 lines. Produces three publication-ready PNG charts using matplotlib. All charts show only allocated categories (no Unallocated segment). Charts 2 and 3 exclude TISA from all domains.
C.1 Configuration and Data Loading
Mirrors the loading logic from Scripts A and B. Defines two color palettes: a 9-color palette for the full category comparison (Chart 1) and a 4-color consolidated palette for the outcome and focus breakdowns (Charts 2–3), which collapse Equipment, Training, Evaluation, Outreach, Admin, and Other into a single “Other Categories” group for visual clarity.
"""
FY25 Resource Mapping — Expenditure Category Chart Builder
===========================================================
Standalone chart generation. Reads FY25_rebuilt.xlsx, produces three PNGs.
 
Charts produced:
  1. exp_category_comparison.png  — TISA-inclusive vs TISA-exclusive (allocated only)
  2. exp_by_outcome.png           — by TCCY Outcome, TISA excluded
  3. exp_by_focus.png             — by TCCY Focus, TISA excluded
 
All charts show only allocated categories (no Unallocated segment).
Charts 2 and 3 exclude TISA from all domains.
 
Usage:
    python build_exp_category_charts.py
"""
 
import pandas as pd
import numpy as np
import matplotlib
matplotlib.use("Agg")
import matplotlib.pyplot as plt
from matplotlib.patches import Patch
import os
 
# ── CONFIG ────────────────────────────────────────────────────────────────────
INPUT_PATH = “path to clean FY25 data set”
CHART_DIR = “path to where you want to save it”
 
CATEGORY_COLS = [
    "Exp: Direct Services", "Exp: Contract/Third Party",
    "Exp: Payroll/Personnel", "Exp: Equipment",
    "Exp: Training & Development", "Exp: Evaluation & Quality",
    "Exp: Outreach & Engagement", "Exp: Admin/Overhead", "Exp: Other",
]
CATEGORY_LABELS = [
    "Direct Services", "Contract/Third Party", "Payroll/Personnel",
    "Equipment", "Training & Dev", "Evaluation & QA",
    "Outreach & Engagement", "Admin/Overhead", "Other",
]
BEP_PROG_SUBSTR = "TISA"
 
# ── PALETTE ───────────────────────────────────────────────────────────────────
# Full 9-category palette (Chart 1)
COLORS_9 = [
    "#2C9FAF", "#1E4E79", "#5B9BD5", "#A5C8E1", "#F9C74F",
    "#90BE6D", "#F3722C", "#E8485C", "#B0B0B0",
]
# Consolidated 4-group palette (Chart 2: DS, Contract, Payroll, Other)
COLORS_4 = ["#2C9FAF", "#1E4E79", "#5B9BD5", "#A5C8E1"]
 
 
# ── DATA LOADING ──────────────────────────────────────────────────────────────
def to_num(val):
    if pd.isna(val):
        return np.nan
    try:
        return float(str(val).replace(",", "").replace("$", ""))
    except (ValueError, TypeError):
        return np.nan
 
 
def load_data(path):
    """Load and prepare FY25 data. Mirrors logic in the main workbook builder."""
    df = pd.read_excel(path)
 
    for col in CATEGORY_COLS:
        df[col] = df[col].apply(to_num) if col in df.columns else np.nan
 
    df["_cat_sum"] = df[CATEGORY_COLS].sum(axis=1, skipna=True)
 
    total_col = next(
        (c for c in [ "Total", "Exp: Total", "Total Funding"] if c in df.columns), None
    )
    df["_total_raw"] = df[total_col].apply(to_num) if total_col else np.nan
 
    # Backfill: if total missing but categories exist, use category sum
    mask_bf = (df["_total_raw"].isna() | (df["_total_raw"] == 0)) & (df["_cat_sum"] > 0)
    df.loc[mask_bf, "_total_raw"] = df.loc[mask_bf, "_cat_sum"]
 
    # Alignment: if category sum > total, use category sum
    mask_ex = (df["_cat_sum"] > 0) & (df["_total_raw"] > 0) & (
        df["_cat_sum"] > df["_total_raw"] * 1.001
    )
    df.loc[mask_ex, "_total_raw"] = df.loc[mask_ex, "_cat_sum"]
 
    df["_exp_total"] = df["_total_raw"]
    df["_has_cats"] = df["_cat_sum"] > 0
 
    # Program name
    pc = next(
        (c for c in df.columns
         if "program" in c.lower() and "focus" not in c.lower() and "service" not in c.lower()),
        None,
    )
    df["_program"] = df[pc].astype(str).str.strip() if pc else "Unknown"
    df["_is_bep"] = df["_program"].str.contains(BEP_PROG_SUBSTR, case=False, na=False)
 
    # TCCY Outcome — prefer "TCCY Outcome", then "Primary Outcome", then generic
    oc = next((c for c in df.columns if "outcome" in c.lower() and "tccy" in c.lower()), None)
    if oc is None:
        oc = next((c for c in df.columns if c.lower().strip() == "primary outcome"), None)
    if oc is None:
        oc = next((c for c in df.columns if "outcome" in c.lower()
                   and "data" not in c.lower() and "quality" not in c.lower()
                   and "intended" not in c.lower()), None)
    df["_outcome"] = df[oc].astype(str).str.strip() if oc else "Unknown"
 
    # TCCY Focus — prefer "TCCY Focus", then "Primary Focus", then generic
    fc = next((c for c in df.columns if "focus" in c.lower() and "tccy" in c.lower()), None)
    if fc is None:
        fc = next((c for c in df.columns if c.lower().strip() == "primary focus"), None)
    if fc is None:
        fc = next((c for c in df.columns if "focus" in c.lower()
                   and "program" not in c.lower()), None)
    df["_focus"] = df[fc].astype(str).str.strip() if fc else "Unknown"
 
    print(f"  Outcome column: {oc}")
    print(f"  Focus column: {fc}")
    print(f"  {len(df)} total programs, {df['_has_cats'].sum()} with categories")
    print(f"  TISA programs: {df['_is_bep'].sum()}")
 
    return df
 
 
C.2 Chart 1: TISA Comparison
Stacked horizontal bars comparing All Programs vs. Excluding TISA, showing all nine categories as percentage shares of allocated expenditure. Visually demonstrates how TISA’s $6.54B classified as 100% Direct Services inflates the portfolio-level DS percentage from 74.6% to 87.5%.
📎 Methods Reference: See Methodology §5.2 (Portfolio Concentration Effects): “Excluding TISA, Direct Services drops to 74.6%.”
# ── CHART 1: TISA COMPARISON ─────────────────────────────────────────────────
def build_chart1(df, chart_dir):
    """
    Stacked horizontal bars comparing All Programs vs Excluding TISA.
    Shows only allocated categories (no Unallocated segment).
    """
    subset = df[df["_has_cats"] | (df["_exp_total"] > 0)]
    excl = subset[~subset["_is_bep"]]
 
    def _pcts(data):
        """Category percentages of ALLOCATED dollars only."""
        allocated = sum(data[cc].sum() for cc in CATEGORY_COLS)
        return [data[cc].sum() / allocated * 100 if allocated > 0 else 0
                for cc in CATEGORY_COLS]
 
    all_pct = _pcts(subset)
    excl_pct = _pcts(excl)
 
    bar_labels = [l.replace("/", "/\n").replace("& ", "&\n")
                  for l in CATEGORY_LABELS]
 
    fig, ax = plt.subplots(figsize=(16, 5.5))
    y_pos = [1.2, 0.4]
    all_total = subset["_exp_total"].sum()
    excl_total = excl["_exp_total"].sum()
    row_labels = [
        f"All Programs\n(${all_total / 1e9:.1f}B)",
        f"Excluding TISA\n(${excl_total / 1e9:.1f}B)",
    ]
 
    for i, (label, data) in enumerate(zip(row_labels, [all_pct, excl_pct])):
        left = 0
        for j, val in enumerate(data):
            ax.barh(y_pos[i], val, left=left, height=0.6, color=COLORS_9[j],
                    edgecolor="white", linewidth=0.5)
            if val >= 3:
                ax.text(left + val / 2, y_pos[i], f"{val:.0f}%",
                        ha="center", va="center", fontsize=12, fontweight="bold",
                        color="white" if j < 3 else "black")
            elif val >= 1:
                ax.text(left + val / 2, y_pos[i], f"{val:.1f}%",
                        ha="center", va="center", fontsize=10,
                        color="white" if j < 2 else "black")
            left += val
        ax.text(-1, y_pos[i], label, ha="right", va="center",
                fontsize=13, fontweight="bold")
 
    legend_elements = [
        Patch(facecolor=COLORS_9[j], label=bar_labels[j].replace("\n", " "))
        for j in range(len(bar_labels))
    ]
    ax.legend(handles=legend_elements, loc="upper center",
              bbox_to_anchor=(0.5, -0.15), ncol=5, fontsize=11, frameon=False)
    ax.set_xlim(0, 100)
    ax.set_ylim(-0.2, 1.8)
    ax.set_xlabel("Share of Allocated Expenditure (%)", fontsize=13)
    ax.set_title("Expenditure Category Composition: TISA Effect on Portfolio Profile",
                 fontsize=16, fontweight="bold", pad=15)
    ax.set_yticks([])
    ax.spines["left"].set_visible(False)
    ax.spines["top"].set_visible(False)
    ax.spines["right"].set_visible(False)
    plt.tight_layout()
 
    path = os.path.join(chart_dir, "exp_category_comparison.png")
    plt.savefig(path, dpi=200, bbox_inches="tight", facecolor="white")
    plt.close()
    print(f"  Chart 1 saved: {path}")
 
 
C.3 Charts 2–3: By Outcome and By Focus
Stacked horizontal bars showing four consolidated category groups (Direct Services, Contract/Third Party, Payroll/Personnel, Other) for each TCCY Outcome domain and Programmatic Focus level, with TISA excluded. Focus categories are ordered from Intensive Intervention to Universal Promotion to reveal the service-delivery continuum’s cost structure. Each bar is labeled with the group’s total expenditure.
# ── CHART 2: BY OUTCOME (TISA EXCLUDED) ──────────────────────────────────────
def build_chart2(df, chart_dir):
    """
    Stacked horizontal bars by TCCY Outcome, TISA excluded.
    Shows four consolidated groups: DS, Contract, Payroll, Other.
    No Unallocated segment.
    """
    # Exclude TISA from all outcome analysis
    subset = df[(df["_has_cats"] | (df["_exp_total"] > 0)) & ~df["_is_bep"]]
 
    outcomes_order = ["Educated", "Healthy", "Engaged", "Nurtured and Supported", "Safe"]
 
    outcome_data = []
    for oc in outcomes_order:
        grp = subset[subset["_outcome"] == oc]
        total = grp["_exp_total"].sum()
        allocated = sum(grp[cc].sum() for cc in CATEGORY_COLS)
        if allocated == 0:
            outcome_data.append((oc, total, [0] * 9))
            continue
        cats = [grp[cc].sum() / allocated * 100 for cc in CATEGORY_COLS]
        outcome_data.append((oc, total, cats))
 
    fig, ax = plt.subplots(figsize=(14, 6))
    y = np.arange(len(outcomes_order))
    height = 0.6
 
    stack_labels = ["Direct Services", "Contract/Third Party",
                    "Payroll/Personnel", "Other Categories"]
 
    # Build 4-column stacked data
    stacked = []
    for _, total, cats in outcome_data:
        stacked.append([cats[0], cats[1], cats[2], sum(cats[3:])])
 
    left = np.zeros(len(outcomes_order))
    for col_idx, (color, label) in enumerate(zip(COLORS_4, stack_labels)):
        vals = [s[col_idx] for s in stacked]
        ax.barh(y, vals, left=left, height=height, color=color,
                edgecolor="white", linewidth=0.5, label=label)
        for i, (v, l) in enumerate(zip(vals, left)):
            if v >= 5:
                ax.text(l + v / 2, i, f"{v:.0f}%",
                        ha="center", va="center", fontsize=12, fontweight="bold",
                        color="white" if color in COLORS_4[:3] else "black")
        left = left + np.array(vals)
 
    ylabels = []
    for oc, total, _ in outcome_data:
        if total >= 1e9:
            ylabels.append(f"{oc}\n(${total / 1e9:.1f}B)")
        else:
            ylabels.append(f"{oc}\n(${total / 1e6:.0f}M)")
    ax.set_yticks(y)
    ax.set_yticklabels(ylabels, fontsize=13, fontweight="bold")
    ax.set_xlim(0, 100)
    ax.set_xlabel("Share of Allocated Expenditure (%)", fontsize=13)
    ax.set_title("Expenditure Category Composition by Targeted Outcome (Excl. TISA)",
                 fontsize=16, fontweight="bold", pad=12)
    ax.invert_yaxis()
    ax.spines["top"].set_visible(False)
    ax.spines["right"].set_visible(False)
    ax.legend(loc="upper center", bbox_to_anchor=(0.5, -0.12),
              ncol=4, fontsize=12, frameon=False)
    plt.tight_layout()
 
    path = os.path.join(chart_dir, "exp_by_outcome.png")
    plt.savefig(path, dpi=200, bbox_inches="tight", facecolor="white")
    plt.close()
    print(f"  Chart 2 saved: {path}")
 
 
# ── CHART 3: BY FOCUS (TISA EXCLUDED) ─────────────────────────────────────────
def build_chart3(df, chart_dir):
    """
    Stacked horizontal bars by TCCY Focus, TISA excluded.
    Shows four consolidated groups: DS, Contract, Payroll, Other.
    No Unallocated segment. Ordered from intervention to prevention.
    """
    # Exclude TISA from all focus analysis
    subset = df[(df["_has_cats"] | (df["_exp_total"] > 0)) & ~df["_is_bep"]]
 
    focus_order = [
        "Intensive Intervention",
        "Moderate Intervention",
        "Early Intervention",
        "Targeted Prevention",
        "Universal Promotion and Prevention",
        "Adult-Focused Capacity Building and Support",
        "General Services",
    ]
    # Short labels for y-axis
    focus_short = [
        "Intensive\nIntervention",
        "Moderate\nIntervention",
        "Early\nIntervention",
        "Targeted\nPrevention",
        "Universal Promo\n& Prevention",
        "Adult-Focused\nCapacity Bldg",
        "General\nServices",
    ]
 
    focus_data = []
    for fc in focus_order:
        grp = subset[subset["_focus"] == fc]
        total = grp["_exp_total"].sum()
        allocated = sum(grp[cc].sum() for cc in CATEGORY_COLS)
        if allocated == 0:
            focus_data.append((fc, total, [0] * 9))
            continue
        cats = [grp[cc].sum() / allocated * 100 for cc in CATEGORY_COLS]
        focus_data.append((fc, total, cats))
 
    fig, ax = plt.subplots(figsize=(14, 7.5))
    y = np.arange(len(focus_order))
    height = 0.6
 
    stack_labels = ["Direct Services", "Contract/Third Party",
                    "Payroll/Personnel", "Other Categories"]
 
    # Build 4-column stacked data
    stacked = []
    for _, total, cats in focus_data:
        stacked.append([cats[0], cats[1], cats[2], sum(cats[3:])])
 
    left = np.zeros(len(focus_order))
    for col_idx, (color, label) in enumerate(zip(COLORS_4, stack_labels)):
        vals = [s[col_idx] for s in stacked]
        ax.barh(y, vals, left=left, height=height, color=color,
                edgecolor="white", linewidth=0.5, label=label)
        for i, (v, l) in enumerate(zip(vals, left)):
            if v >= 5:
                ax.text(l + v / 2, i, f"{v:.0f}%",
                        ha="center", va="center", fontsize=12, fontweight="bold",
                        color="white" if color in COLORS_4[:3] else "black")
        left = left + np.array(vals)
 
    ylabels = []
    for (fc, total, _), short in zip(focus_data, focus_short):
        if total >= 1e9:
            ylabels.append(f"{short}\n(${total / 1e9:.1f}B)")
        else:
            ylabels.append(f"{short}\n(${total / 1e6:.0f}M)")
    ax.set_yticks(y)
    ax.set_yticklabels(ylabels, fontsize=12, fontweight="bold")
    ax.set_xlim(0, 100)
    ax.set_xlabel("Share of Allocated Expenditure (%)", fontsize=13)
    ax.set_title("Expenditure Category Composition by Programmatic Focus (Excl. TISA)",
                 fontsize=16, fontweight="bold", pad=12)
    ax.invert_yaxis()
    ax.spines["top"].set_visible(False)
    ax.spines["right"].set_visible(False)
    ax.legend(loc="upper center", bbox_to_anchor=(0.5, -0.08),
              ncol=4, fontsize=12, frameon=False)
    plt.tight_layout()
 
    path = os.path.join(chart_dir, "exp_by_focus.png")
    plt.savefig(path, dpi=200, bbox_inches="tight", facecolor="white")
    plt.close()
    print(f"  Chart 3 saved: {path}")
 
 
# ── MAIN ──────────────────────────────────────────────────────────────────────
def main():
    print(f"Loading {INPUT_PATH}...")
    df = load_data(INPUT_PATH)
 
    os.makedirs(CHART_DIR, exist_ok=True)
 
    print("Building charts...")
    build_chart1(df, CHART_DIR)
    build_chart2(df, CHART_DIR)
    build_chart3(df, CHART_DIR)
    print("Done.")
 
 
if __name__ == "__main__":
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